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Abstract

Agri-food systems (AFS) and their value chains are currently under pressure to minimize environmental degradation and
secure a more sustainable future. Sustainability transitions are needed to shift from well-established, yet vulnerable systems
to more sustainable systems. Agent-based modeling (ABM) as a method to study complex systems is now widely used in
transition modeling. We performed a systematic review to analyze the potential of ABM to yield insights into sustainability
transitions in AFS. Specifically, we investigated the understanding that agent-based models can support better understanding
of sustainability transitions in AFS. We identified potential in participatory modeling methods as well as combining agent-
based models with complementary methods. The assessment of the sustainability dimensions was quite balanced between
economic and environmental dimensions, but the social dimension was underrepresented. Here, we identify the main features
to further advance ABM of sustainability transitions in AFS.

Keywords Agent-based model - Agri-food systems - Environmental dimension - Social dimension - Sustainability
transition - Systematic review

Introduction depleting non-renewable resources, and accelerating climate
change (Poore and Nemecek 2018).

Agri-food systems (AFS), particularly agriculture, are an Agri-food systems are complex systems comprising food

important source of greenhouse gas emissions, biodiversity
loss, and soil degradation, as well as other significant envi-
ronmental and social impacts (IPBES 2019; OECD/FAO
2020; Rockstrom et al. 2020; Crippa et al. 2021). With the
current production practices and consumption, it is a chal-
lenge to find new ways to feed a growing global population
without further degrading terrestrial and aquatic ecosystems,
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and non-food agricultural production, e.g., food production,
food storage, post-harvest handling, transportation, process-
ing, distribution, marketing, disposal, and consumption.
Agri-food supply chains are the resulting networks that
involve all actors and activities that deliver products and
services in AFS (Borodin et al. 2016; Utomo et al. 2018).
Complex adaptive systems follow the organizing principles
proposed in Preiser et al. (2018), where they are defined by
their elements’ interactions that lead to emergent novelties,
have adaptive capacities over time in which dynamic pro-
cesses are non-linear, and their boundaries are contextually
determined. Dynamic and diverse agri-food systems call for
policies and regulations that contribute to social objectives
while ensuring enough flexibility to allow for adaptation and
also contributing to a better understanding of the evolving
environmental, economic, and social dimensions of sustain-
ability (Thompson et al. 2007).

Efficient pathways within these complex agriculture and
food systems that enable a shift toward sustainability need
to be identified to help mitigate the environmental and social
impacts of AFS (Morrissey et al. 2014; El Bilali 2019; Hoek
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et al. 2021). Sustainability transitions in agri-food systems
introduce a set of non-linear, durable, multilevel (e.g., indi-
vidual, population, system) and multi-actor transformation
processes that lead food and agricultural practices toward
sustainability (Spaargaren et al. 2013; El Bilali 2019). Non-
linearity refers to the property of systems where there is no
direct relationship between variables and the resulting out-
comes. The multi-actor approach is a collaborative process
that involves a variety of actors (i.e., roles involved in the
AFS such as farmers, advisors, researchers, or policymak-
ers) to address complex problems from multiple perspec-
tives. Sustainability literature sets out promising guidelines
to enable AFS to transition toward sustainability (Brunori
et al. 2013; Holt-Gimenez and Altieri 2013; Hinrichs 2014;
Ingram 2015), but the practice of transitioning itself is not
evident. A systemic approach is required to represent the
complexity of the context and processes involved (Holtz
et al. 2015). Complex systems are difficult to model, as they
comprise interdependencies and many types of interactions
between their components. More precisely, the concept of a
sustainability transition includes the co-evolution of radical
processes within established socio-ecological systems on a
long-term scale and from a multi-dimensional perspective.
Those processes and systems must shift in tandem to meet
sustainability objectives of production and consumption
(Markard et al. 2012; Tran 2014).

Such transitions cannot be fully understood using typi-
cal qualitative sustainability transition frameworks due to
the complexities, non-linearity, and interactions involved
(Moallemi and Malekpour 2018). Modeling is well suited
to provide insights into transitions toward sustainability,
but to date such modeling of sustainability transitions in
AFS has been generally overlooked in literature (El Bilali
2019, 2020). The system’s complexity should represent
not only multiple parameters, but also multiple dimensions
(e.g., economic, social, environmental), non-linear behav-
iors, heterogeneity of actors, uncertainties, and stochasticity
(Kohler et al. 2018). These uncertainties have different roots,
being dynamic (variation over space and time), stochastic
(containing inherent randomness), or unobserved from data
(Kieu et al. 2020). Further, it is essential to have a correct
understanding of the sustainability dimensions as well as a
suitable evaluation of the environmental, social, and eco-
nomic performances of such systems. Without these, it is
impossible to gain an overview of system status, especially
at the time of transition (Peano et al. 2015).

Given the complexity and the specificities of transition
modeling, agent-based modeling (ABM) arises as a poten-
tially suitable method. Agent-based models are computational
resources that represent individuals or agents in an environ-
ment in which they interact with each other. Agents are their
main entity which may be organisms, humans, businesses,
institutions, or any entity with a certain behavior and purpose
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within a system (Railsback and Grimm 2019). The decision-
making of agents based on individual behavioral characteris-
tics can realistically lead to collective emergent phenomena
(Magliocca 2020). The suitability of ABM to represent com-
plex systems relies on a clear and systematic systems represen-
tation, the capacity to make inferences about complex system
dynamics, and the capacity to make systematic experiments
(Holtz et al. 2015). Among many other methods used in transi-
tion modeling (e.g., systems dynamics), ABM simulates sys-
tem complexity by including heterogeneity in system units,
non-linear behaviors, uncertainties and stochasticity, resulting
in a successful model of the transition (Grimm et al. 2005;
Zheng et al. 2013; Kohler et al. 2018). ABM often includes
participatory modeling methods, where the researchers engage
with a varied group of stakeholders during the process of cre-
ating the model and when performing a decision analysis.
Sharing expert knowledge in this way results in a better rep-
resentation of reality (Basco-Carrera et al. 2017; Voinov et al.
2018; Cuppen et al. 2021). A multiplicity of perspectives also
improves the accuracy of understanding such complex pro-
cesses (Lang et al. 2012; Vermunt et al. 2020). Although ABM
has been widely used to study complex systems, little is known
about how ABM can be applied to better understand sustain-
ability transitions and potential pathways toward sustainability
in agri-food systems. Notable work has been carried out for
agent-based modeling research in food—energy—water systems
(Magliocca 2020), where suggestions for future research are
presented. Nonetheless, there is currently a gap to understand
sustainability transitions in AFS using agent-based models.

Here, we investigate the potential and suitability of
agent-based modeling for improving our understanding of
sustainability transitions in agri-food systems by reviewing
a variety of transition models in AFS studies. To do so, we
use a sustainability transition characteristics framework cov-
ering feedback loops between social and environmental sys-
tems, the detection of systemic change, temporal and spatial
scales, changes in social values in transitions, diversity and
heterogeneity, uncertainty and non-linearity, and multidis-
ciplinary approaches. Furthermore, we analyze generic ele-
ments of models such as the representation of sustainability
dimensions, sectors within agri-food systems, and comple-
mentary methods used in the study, and we examine the key
characteristics of sustainability transitions using ABM as
transition modeling tool.

Materials and methods
Paper selection
In June 2023, scientific articles on sustainability transi-

tions were found based on keywords in accordance with the
recommendations from the Preferred Reporting Items for
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Systematic Reviews and Meta Analyses (PRISMA) guide-
lines (Page et al. 2021). After a first wide search, search
fields were narrowed down to “Sustainab* AND (transition
OR transform* OR “systemic change”) AND agent based
model*”. Sustainab* can refer to either sustainability or sus-
tainable. Similarly, model or modeling was sought using the
keyword model*.

A search with these keywords in Scopus and Web of Sci-
ence databases resulted in 7720 papers in total. The search
was then limited to include only journal articles written in
English that develop an agent-based model, excluding con-
ference papers, short abstracts, and notes. No time frame
exclusion criteria were applied. Literature reviews and other
research papers that do not develop an empirical agent-based
model were not considered for this study, reducing the num-
ber of papers to 5359. After this, 182 duplicate records were
eliminated, resulting in 5177 records in total. Of these, 5080

records were not considered relevant to the study based on
the exclusion criteria and screening of the title or abstract,
further reducing the number to 97 full-text articles assessed
for eligibility. Based on reading those articles, another
11 were excluded based on the above criteria. Finally, 86
records were considered suitable for inclusion in the study.
Figure 1 shows the flow diagram of the selection process.

Framework of analysis

Information about the 86 reviewed scientific papers retrieved
from the systematic review was saved in a database and
subjected to qualitative analysis. The database included
the following information: (1) paper description including
year of publication, sector, scope (e.g., farm level, region
level, country level, global), region, agents, participatory,
complementary method, and topics studied in the model for
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sustainable transition; (2) sustainability dimensions included
in the model; and (3) the notion of suitability of ABM in
agri-food systems as a transition modeling tool based on the
framework proposed (see below).

Descriptive data of reviewed papers is useful to provide
an overview of the sustainability transition field in AFS, e.g.,
when it started to become popular in research and what ele-
ments are present in the studies. Therefore, elements regard-
ing both publication records (e.g., year of publication) and
elements included in the model (e.g., types of agents) were
considered.

For a more comprehensive analysis, we selected 13
papers out of the total 86 papers in the review to deepen
the characteristics of sustainability transitions. All agri-food
system publications (n = 8) were included in this selection of
13 representative papers. For papers concerning neighboring
sectors, we selected one paper, amounting to five papers, one
for each sector in agriculture, fisheries, consumption, land
use, and distribution. These representative studies from other
sectors were chosen due to their explicit focus on sustain-
ability dimensions as well as their comprehensive modeling
approaches, which serve as the modeling benchmark for
those sectors.

Characteristics of sustainability transitions

To discuss the potential of an ABM approach to sustain-
ability transitions, a set of characteristics for sustainability
transitions was used. These characteristics originate from
different frameworks such as Kohler et al. (2018), Polhill
et al. (2016), Preiser et al. (2018), Peter and Swilling (2014),
and Kohler et al. (2019). Kohler et al. (2018) elaborate a
framework for features in transition modeling methods; Pol-
hill et al. (2016) research characteristics of socio-ecosystem
systemic changes; Preiser et al. (2018) enunciate the char-
acteristics of complex adaptive systems; Peter and Swilling
(2014) develop a complexity-based framework for modeling
transitions to sustainability; and finally, Kohler et al. (2019)
indicate sustainability transition characteristics. Through
comparing and integrating the characteristics of both tran-
sition modeling and complex systems transitions character-
istics, we elaborated a complete framework of characteristics
of sustainability transitions that are used in this paper to
evaluate their representation in agri-food systems studies
using agent-based modeling.

The seven characteristics of sustainability transitions
emerged from the previously mentioned papers are described
below:

1. Feedback loops: Feedbacks between the social and envi-
ronmental systems are featured in sustainability tran-
sitions, which are mainly defined by the interactions
among their different elements (Preiser et al. 2018).
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Complex systems such as agri-food systems include
various elements: technologies, markets, environment,
policies, and supply and distribution chains (Kohler
et al. 2019).

Sources and detection of systemic change: In complex
systems, the concept systemic change refers to a sig-
nificant change in the system (i.e., inclusion of new ele-
ments, drop of old elements, adaptation of elements, and
reconfiguration of interactions between elements), either
in the behavior of relevant actors or the structure of the
system (Kohler et al. 2018). These are not by default
perceived as “shocks” in the system, because they can
occur gradually in a system (Polhill et al. 2016). Both
changes in the re-organization of the value chain as well
as technological adaptations to environmental issues are
needed to understand and foster sustainability transitions
(Gaitan-Cremaschi et al. 2019). Systemic change can
be driven endogenously (i.e., from the arising of new
institutions, rules or norms within the system) or exog-
enously (i.e., climate change, external shocks). Public
policy plays a central role in shaping the transitions, for
instance by means of regulations and subsidies (Kohler
etal. 2019). It is important to state what is the intention
of the transition, or the emergence of the model. For
some studies, systemic change is detected because the
model simulates a phenomenon that is already known
in the real world. In other cases, the systemic change is
detected while exploring diverse outcomes in the model
generated by external shocks. Context-dependency of
sustainability transitions implies that the systemic com-
ponents might change when their context changes (Pre-
iser et al. 2018). Studies of sustainability transitions
simulate the real world and, hence, adaptation to these
context changes is crucial. In this regard, it is relevant
to observe how systemic changes are measured in the
outcome metrics.

Temporal and spatial scales: Sustainability transitions
are long-term processes. Sustainable innovations usu-
ally require a long time to evolve from their first stage
as an emergence in niches to diffusion. Spatial scales in
modeling can elucidate the timings and sequences of
transitions and clarify why niches upscale in certain con-
texts given that regional scales act as nodes in networks
interacting with other scales. Transitions can thus define
the spatial dimensions relying on how actors develop
interactions over space (Coenen et al. 2012). Moreover,
long-term processes are needed to unlock existing sys-
tems and overcome resistance to change. Transitions can
be categorized into different phases: predevelopment,
take-off, acceleration, and stabilization (Kohler et al.
2019). Thus, it is relevant to include a specific timescale
of such transition processes. On the other hand, sustain-
ability transitions are multi-dimensional processes that
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consider change at and across spatial scales (Markard
et al. 2012). The spatial scale of the model delimits
the system, i.e., individual, region, country, or global
(Kohler et al. 2018); and cross-scale, cross-sector, cross-
level, and inter-institutional (Peter and Swilling 2014).

4. Changes in social values and norms: Variation and
adaptation in the decision-making of agents, as well as
changes in their social values and norms are expected
in a regime shift toward sustainability transition (Geels
2011; Moore et al. 2014). Social norm change can occur
due to external interventions such as policy incentives or
environmental variations; however they repeatedly may
develop spontaneously (Andrighetto and Vriens 2022).
Social interactions as well as learning and adaptation
should be well represented in transition models, where
they can evolve within the system to create feedback
loops leading to complex dynamics (Parker et al. 2003).
Depending on the complexity level of the model, this
could be represented in a more sophisticated or more
simplified way.

5. Diversity and heterogeneity: Transitions include a vari-
ety of groups of actors (producers, consumers, etc.), and
each actor can also be heterogeneous (e.g., producers
that follow different strategies, consumers that make dif-
ferent food choices). Diversity and heterogeneity among
elements and actor attributes are some of the main char-
acteristics of complex systems that should be present in
sustainability transition models.

6. Open processes, uncertainties, and non-linearities:
Unpredictable events, such as the development of radical
innovations, influence transitions. These events might
change the direction of the transition depending on how
reactive the system is. Since transition pathways are
manifold (Geels and Schot 2007; Rosenbloom 2017),
the future is open-ended (Kohler et al. 2019). Non-line-
arities emerge in agent-based models from the interac-
tions present in complex systems (Coronese et al. 2023).
The non-linear aspect of innovation processes, political
processes, and socio-cultural processes might evidence
uncertainty in the system (Kohler et al. 2019).

7. Multidisciplinary approach: To integrate multiple per-
spectives from different knowledge domains as well as
to achieve adaptive and innovative capacity, participa-
tory-based modeling is highly encouraged in sustain-
ability transitions (Hinrichs 2014; Conti et al. 2021).
Participatory approaches are important for represent-
ing decision-making and understanding the interests
of agents (Delmotte et al. 2013), building up potential
scenarios considering multidisciplinary perspectives
(Delmotte et al. 2016), assisting policy decision-making
toward sustainable systems (Bailey et al. 2019), devel-
oping a model that can be used by all involved experts
to inform about improvements for the models (Moal-

lemi et al. 2020), and to reduce ambiguity by helping
stakeholders understand the models’ representation
(Martin et al. 2018). The concept of sustainability is
particularly argued, which causes disagreements about
the most well-fitted transition pathways among involved
actors (Kohler et al. 2019). As sustainability transitions
may pose a threat to the most powerful industries (e.g.,
energy) and rooted structures, the interest of actors for
the direction and speed of transition may differ between
each actor group (Kohler et al. 2019). Moreover, a com-
bination of ABM with other methods could integrate
complementary perspectives in the model and support
decision and policymaking (Halog and Manik 2011).

Results
Descriptive data of papers

Use of agent-based model approaches in sustainability tran-
sitions in agri-food systems is not quite recent, with the
first publications dating to 2006. Nonetheless, from 2015
onward, the number of publications increased considerably.
The majority of articles (n=357) were published from 2018
onward (Fig. 2).

Different sectors within the agri-food systems were found
in the systematic review using an ABM approach (i.e., agri-
culture, fisheries, consumption, land use, and distribution).
Accordingly, the range of agents in the models includes
humans (typically producers and consumers) as well as
environmental elements (land use). The scope of the model
varied between different sectors, with regional level being
the most common among all (Fig. 3).

Complementary methods to ABM were identified in 51
articles out of the total reviewed records, where the methods
were either coupled to the agent-based model or comple-
mented the model results. The most frequently used ones
were geographic information system (n =12 in agriculture,
n=15 in land use, n=3 in agri-food), role-playing games
(n=2 in agriculture, n=4 in land use), Bayesian network
(n=2 in land use, n=1 in agriculture, n=1 in agri-food,
n=1 in fisheries), and life cycle analysis (n=2 in agricul-
ture and n=1 in consumption). Focusing on the 13 selected
papers, 5 papers out of 8 in the agri-food sector included a
complementary method, but they presented a wide variety
of methods (i.e., system dynamics, discrete event simulation,
geographic information systems (GIS), Bayesian network,
and robust optimization). The remaining 35 research articles
did not include any complementary method.

The code of the simulation model was available in 33
scientific papers, and three papers indicated that the model
was available upon request (Fig. 4). Community repositories
such as Comses were often used to upload and review the
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Fig.3 Scope of the models from the 86 reviewed papers in the sys-
tematic review

models in publications. 45 papers attached documentation of
their models in their publication as supplementary material,
mainly following the standard ODD +D (Miiller et al. 2013).

Participatory approaches were slightly common through
all of the 86 reviewed papers (Fig. 5). However, distribu-
tion and consumption papers did not include participatory
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approaches. On the other hand, 38% of agri-food papers
included participatory approaches (n =3, out of 8), in con-
trast to 25% of agriculture papers (n= 10, out of 40) and 42%
of land use (n=11, out of 26). Finally, Fig. 6 presents an
overview of the sustainability dimensions that are included
in the final selection of articles. Economic and environ-
mental were the most studied dimensions, while the social
dimension appears more often coupled to the environmen-
tal one. 60% of all articles included all three dimensions
simultaneously.

Characteristics of sustainability transitions

In total, 86 papers were retrieved. Below, we highlight the
13 representative papers that showcase the great potential of
agent-based models in modeling and understanding transi-
tions. These 13 papers encompass various sectors and areas,
including agri-food (8 papers), as well as agriculture, con-
sumption, distribution, fisheries, and land use (one for each).
Table 1 offers an overview of these 13 representative papers.

Feedback loops

All models represent varied feedbacks between social and
environmental agents. However, papers of agri-food sector
that had little to no representation of the environmental
dimension could not represent remarkable feedback loops
between social and environmental agents. Thus, these

agriculture
land use
agri-food available.code
M-
fisheries e
consumption
distribution

0 10 20 30 40

number_of_articles

Fig.4 Availability of the code in the 86 reviewed papers in the sys-
tematic review. Codes available upon request were interpreted as
available ones
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Fig.6 Dimensions included in the analysis of the selected final
records

papers only considered the main feedback loops between
agents. Other agri-food models considered how consum-
ers’ decision-making affects the overall ecological, social,
and environmental performance of the system (Taghikhah
et al. 2021). Models by Shaaban et al. (2021) portrayed the
cooperation between agents and trade-offs in ecosystem

services. Other feedback loops like demographic herds
influenced by agent’s consumption, especially sheep meat,
were represented in Giinther et al. (2021). Lastly, Dob-
bie et al. (2018) presented food access and availability
depending on the type of agent. The study of Fernandez-
Mena et al. (2020) included a great variety of feedback
loops, since the topic of study was focused on circularity
and material flows. They included varied farming activities
(i.e., crop fertilization, crop production, feed exchanges,
livestock production, local flows and transportation, food
processing, nitrogen flows, greenhouse gas emissions, food
waste and by-product exchanges, and bioenergy produc-
tion). In our selected papers, the environmental dimension
was explicitly displayed when the model included produc-
ers (i.e., farmers), fishers, or landscape. Otherwise, agri-
food papers that did not consider any of these represented
the environment usually as an external shock as in van
Voorn et al. (2020).

Papers concerning other sectors such as agriculture,
consumption, distribution, fisheries, and land use also
included feedback loops between social and environmental
agents when these two dimensions are present. In Catarino
et al. (2021), weather variability and spatial variability of
soils affect farming strategies. Moreover, for one kind of
farmer, a specific fava bean crop had a positive effect on
the annual economic performance, as well as meeting the
legumes demand had a positive influence on socio-eco-
nomic performance. In addition, in Schliiter et al. (2021),
fish population defines fishers’ catch, together with fishers’
skills and ability to go out fishing. In these simulations,
the loss of catch under unpredictable fishing circumstances
can be partially balanced through repeated interventions.
Lastly, in Becu et al. (2014), memory of past cultivated
locations was found to reveal to some extent farmers’ deci-
sions around the cultivation location, since kinship rela-
tions influence the diffusion of farming knowledge as well
as how farming practices are organized.

Processes and relationships of economic, social, and
environmental aspects are unevenly developed in the mod-
els. Economic dynamics are well represented in most agri-
food papers; however, even though some studies include
social and environmental processes, these are usually
represented as an outcome or as a fundamental change in
an scenario. For instance, in Van Voorn et al. (2020) and
Dobbie et al. (2018), they mainly represent social networks
of agents. Giinther et al. (2021) and Fernandez-Mena et al.
(2020) represent environmental dynamics for biomass
regrowth and grazing, and nitrogen flows and greenhouse
gas emissions among others, respectively. Furthermore, in
Dobbie S. et al. (2018) they represent the environmental
dynamics of extraction of wood and water resources using
common pool theory.
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Table 1 Overview of the 13 selected papers representing agri-food sustainability transitions’ characteristics

Sector Author(s) and year Case study Topic of study

Agriculture  Catarino et al. (2021) Crop livestock integration Local diversification of crops and relocation
of animal feeding in collaboration between
farmers

Agri-food Mcgarraghy et al. (2022) Wheat value chain Strategic interventions on power structure of
food value chains

Agri-food Taghikhah et al. (2021) Organic wine Consumer preferences and socio-environmental
issues leading to more organic wine produc-
tion and consumption

Agri-food Shaaban et al. (2021) Supply—demand mismatches in four CSA Cooperation for supply-driven demand and

farms demand-driven supply

Agri-food Giinther et al. (2021) Herd pastoralism and calorie requirements Herd dynamics and consumption patterns
influenced by the dietary composition and
environmental disruptions

Agri-food Achmad et al. (2021) Rice supply-chain food security Optimization of food hub location and food net-
work to maintain food security under COVID

Agri-food Fernandez-Mena et al. (2020) Alternative scenarios of material flows in Leverages for more circularity through different

agriculture sustainable solutions

Agri-food Van Voorn et al. (2020) Food value chain resilience Re-organization of networks for efficiency and
resilience to shocks

Agri-food Dobbie et al. (2018) Food security Interactions between households and the

Consumption Thomopoulos et al. (2021)

Distribution ~ Mittal and Krejci (2019) Food hubs

Fisheries Schliiter et al. (2021)

Land use Becu et al. (2014) Shifting cultivation

Behavioral change toward plant-based diets

Governance in small-scale fisheries

environment leading to the emergence of com-
munity food availability

Behavioral changes toward plant-based diets

Efficiency-enhancing practices into food hub
warehousing operations

Interventions to shift from hierarchical fisher—
fish buyer arrangements to cooperative
arrangements

Transformation of savannah woodland into a
shifting cultivation savannah landscape

Sources and detection of systemic change

Sources of change in the selected 13 papers are varied.
Five agri-food papers consider actions in the value chain
the source of change (e.g., strategic interventions or opti-
mization of the food value chain), while two of them focus
on environmental pressures and one paper considers farm-
ing practices leading to changes to other actors in the value
chain (e.g., environmental disruptions or rainfall variation,
and material flow exchanges, respectively). Endogenous
sources of change are represented here by a re-structuration
of food value chains or networks, consumers’ preferences,
cooperation among actors, sustainable farming practices,
and population growth. On the other hand, exogenous causes
in the selected papers are mainly focused on environmental
pressures, such as rainfall variability originating from cli-
mate change or disease spread such as COVID.

For the other selected papers in the sectors of agriculture,
consumption, distribution, fisheries and land use, we found
varied sources of systemic change. We found the following
endogenous sources of these papers as these main groups:

@ Springer

behavioral changes, collaboration between farmers, adopting
new practices, or transformation of landscape. On the other
hand, the classification of the exogenous causes of systemic
changes are: environmental and socio-economic shocks such
as crises, and interventions. Both endogenous and exogenous
sources of change will determine agents’ decision-making,
which results in the systemic change needed for a sustain-
ability transition.

Systemic change is measured in the selected papers
through a set of outcomes. However, the studied outcomes
highly depend on the topic of study and the systemic
change. For instance, in the agri-food sector paper, Dobbie
et al. (2018) use a set of outcomes to measure food security
that are suitable to capture this, such as the percentage of
households with calorie deficit, the households’ food secu-
rity itself, mean annual grain output per household, mean
proportion of households with access to farmland, and the
proportion of each agent’s job.

Few papers mentioned environmental, social, and eco-
nomic impacts as a specific outcome, as well as economic,
social, and ecological performance as in Catarino et al.
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(2021), where they measure gross margin and economic
efficiency of production as economic performance, workload
of crop management operations as social impact, and N use
and total amount of active ingredients in pesticides applied
as environmental impact, among others.

In all selected papers, including both agri-food and other
sectors, varied outcomes based on the specific systemic
change they research are observed in the simulations. For
example, to measure behavioral changes toward plant-based
diets, Thomopoulos et al. (2021) present as outcomes con-
sumers’ perception level of meat consumption, number of
vegetarian and meat-based diets, and the adaptive resistance
to change.

All models are flexible enough to represent a change in
the context. Agent-based modeling papers focusing on agri-
food systems always present at least two scenarios to study,
where the context significantly changes from one to another.
Three papers considered three scenarios, while one paper
investigated eight different scenarios (Fernandez-Mena et al.
2020). One conceptual paper, even at the first stages of the
modeling cycle, presented five different food value chain
case studies to analyze with the agent-based model (McGar-
raghy et al. 2022). Other papers like van Voorn et al. (2020)
study different network configurations instead of formal
scenarios for food value chain resilience (i.e., three network
modes: preference, random, and weighted) and four differ-
ent types: block, inverse pyramid, hourglass, and diamond).

Papers from other sectors also represent changes in the
context through scenario simulations. In Thomopoulos
et al. (2021), they introduce frequent crises in the model
to observe how consumers change their decisions toward
diets. Becu et al. (2014) studied two scenarios: one for the
transformation of savannah woodland into a shifting culti-
vation savannah landscape, and the other for changes in the
landscape and socio-demographic structure. Meanwhile, the
studies of Catarino et al. (2021), Schliiter et al. (2021), and
Mittal and Krejci (2019) simulated three scenarios, with two
of them representing baseline scenarios. Papers in our sys-
tematic review that included a baseline scenario could not
only represent a change in the context, but also compare the
current situation with future scenarios of interest.

Temporal and spatial scales

Time and space representations of complex systems are a
key aspect of ABM. Out of the eight agri-food sector papers,
four focused on a regional scale, while only one paper con-
sidered a farm-level scale. One paper developed a model
based on an abstract scale, which focused on food value
chain resilience to shocks (van Voorn et al. 2020), and two
focused on country-level systems. Concerning the timescale
in the model, the minimum temporal scale considered in a
simulation was 12 months in the re-organization of food

value chain paper of van Voorn et al. (2020), while the maxi-
mum time represented was 50 years in a paper analyzing
the dynamics of a pre-industrial herder settlement (Giinther
et al. 2021).

The majority of papers in agriculture, consumption,
distribution, fisheries, and land use sectors represented a
regional scope, while only one paper represented an abstract
scale. This paper was focused on behavioral changes toward
plant-based diets, where depicting a spatial scale could be of
minor relevance (Thomopoulos et al. 2021).

In Shaaban et al. (2021), it is stated that there is currently
a research gap in modeling approaches that can display
dynamics on local and global scales. However, few papers
showed multiple spatial scales in their models. For instance,
in the MAELIA multi-agent platform in Catarino et al.
(2021), simulation results were aggregated at varied spatio-
temporal scales, thus allowing the validation of the model.
Furthermore, in Fernandez-Mena et al. (2020), researchers
connect the agro-ecological practices at farm scale with
the local scale through flows among farms for the scenario
design, which could be used to achieve circularity at both
scales with synergies in the environmental performance. In
Dobbie et al. (2018), food stability takes multiple scales into
account through a function that links global and individual
factors. The authors state that this conceptualization of food
security taking national and local perspectives into account
could address scale mismatches in socio-ecological systems.

The time span detailed in these models are particularly
broad, ranging from 2 days in the case of food warehouse
operations (Mittal and Krejci 2019) to 60 years for landscape
transformations (Becu et al. 2014). In addition, in models
like Taghikhah et al. (2021), different temporal scales were
represented in the same model, from short to long term.

Systemic changes are often gradual and concatenate
events that arise in a favorable regime in a determined region
(Geels 2011). Even though the time span in models was
varied, McGarraghy et al. (2022) indicated that they focus
on current value chains, claiming that this will be still valid
at least until 2030, after which uncertainty will be too high
for the development of a suitable model.

Changes in social values and norms

Changes in social values and norms were slightly underrep-
resented in the selected models, but some researched topics
take adaptations of social values and norms into account.
Selected papers of agri-food sector include the decision-
making change of agents under different scenarios. In
Taghikhah et al. (2021), where they represent four different
agents in the wine industry (i.e., wine farmers, winemakers,
retailers, and consumers), the behavior was highly variable
depending on the interactions among agents. The agent’s
interactions in this model condition the decision-making of
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others, being highly integrated. In Shaaban et al. (2021),
the agents have adaptation behavior evolution throughout
the model and different scenarios for supply-driven demand
and demand-driven supply. Two agri-food papers argued that
they do not properly capture some aspects such as the behav-
ioral aspects of agents (van Voorn et al. 2020; Giinther et al.
2021). One agri-food paper uses an ABM-robust optimiza-
tion approach to optimize agents’ decision-making (Ach-
mad et al. 2021). The most well-integrated case is found
in Fernandez-Mena et al. (2020), where eight scenarios are
built upon each one of the eight different farmers’ behaviors.

Following the agriculture paper, in Catarino et al. (2021)
they study the behavioral change through the scenarios. The
consumption model developed in Thomopoulos et al. (2021)
was primarily focused on changing perspective toward a cer-
tain topic such as plant-based diets, where changes in social
norms are the core of the study. For the distribution paper,
the model represents changes in social values through the
emergence of the scheduling behavior based on how satis-
fied they are with the outcomes of past decisions (Mittal and
Krejci 2019). In the fisheries model of Schliiter et al. (2021),
the feedbacks between loyalty and cheating behavior of fish-
ers lead to a social norm of what is an acceptable behavior.
Lastly, we found that the analyzed land use paper includes a
memory behavior for land area cultivation that may change
(Becu et al. 2014).

Although six papers did not indicate which behavioral
theories they use for the decision-making of agents, the
studied models showed variety among the behavioral theo-
ries used. Specifically, they use cognition theory (Tenen-
berg and Knobelsdorf 2014), theory of planned behavior
(Ajzen 1991), alphabet theory (Zepeda and Deal 2009), goal
framing theory (Lindenberg and Steg 2007), argumentation
theory (Bourguet et al. 2013), common pool resource the-
ory (Ostrom 1990; Schlager 2004), principal agent theory
(Jensen and Meckling 1976), information theory (Ulanow-
icz et al. 2009), multi-attribute utility theory (Dyer 2005),
and heuristic approach to represent the decision-making of
agents. Moreover, four models combined different theories
and approaches in the decision-making of their agents.

Diversity and heterogeneity

Every model represented in the final selection of articles rep-
resent diverse and heterogeneous agents. At least three dif-
ferent actors from the agri-food value chain were represented
in the models. All papers concerning agri-food sector repre-
sented many and diverse actor groups in the models. Three
studies represented five or more actors of the value chain,
with the type of models being represented by longer whole
value chains, including farmers, winemakers, retailers, and
consumers in Taghikhah et al. (2021), farmers, foresters,
retailers, inhabitants, policymakers, and others in Shaaban
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et al. (2021), and producer, collector, processor, retailer, and
consumer in McGarraghy et al. (2022). Two papers represent
a short value chain in settlements, where they have produc-
ers and the population as consumers (Dobbie et al. 2018;
Giinther et al. 2021). Thus, the agri-food value chain was
quite well represented, with six studies including produc-
ers, five including processors and/or distributors, and six
papers including consumers as agents. The heterogeneity of
these agents differ among papers. Some studies differ among
agents based on their market, either organic or conventional
(Taghikhah et al. 2021), their capital, i.e., financial, human,
social, natural, physical, cultural (Shaaban et al. 2021), dif-
ferent jobs (Achmad et al. 2021), and different water, fuel,
and food needs (Dobbie et al. 2018). In Fernandez-Mena
et al. (2020), the farms are very heterogeneous, with eight
different kinds of farming styles that have different values
of variables such as area, number of livestock, and percent-
ages of varied crops. The study of McGarraghy et al. (2022)
explains that they use a cognitive map that will allow them
to capture the behavior and interactions between actors to
help them to differ among agents.

Agri-food systems were found to be either of longer value
chains (including intermediaries such as retailers, managers,
etc.) or shorter ones like those from villages in which they
are self-sufficient, mainly in low-income countries. There-
fore, we have papers such as that by Shaaban et al. (2021),
where six different sorts of agents are depicted, in contrast
to other papers such as that by Giinther et al. (2021), where
the herders and the cattle shape the whole agri-food value
chain of the studied region.

On the other hand, we find diversity and heterogeneity
among the papers of other sectors. In the case of agriculture,
Catarino et al. (2021) represented seven types of farmers
with diversity of farming strategies, five of them with crops
and the two others with livestock. The consumer paper only
has one agent that has few variables (Thomopoulos et al.
2021). Some represent only one agent that is highly het-
erogeneous among its peers (e.g., a model that only rep-
resents farmers, but with quite diversified attributes and
decision rules (cfr. Mittal and Krejci 2019; Schliiter et al.
2021) whose model includes producer and food hub manag-
ers characterized by static and dynamic state variables with
four types of agents, and fishers with different reliability,
loyalty to patron/coop, and fishing skills, fish buyers, and
fish stock, respectively). Other models representing only one
agent were less heterogeneous, such as those by Thomopou-
los et al. (2021) and Becu et al. (2014), where agents were
distinguished by few parameters.

Several aspects of heterogeneity are often included in the
agents’ decision-making; however, behavioral heterogeneity
is less well integrated (Magliocca 2020). For instance, some
key parameters of farmers influencing their decision-making
and thus steering environmental impacts in the system are
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information exchange, environmental awareness, and access
to environmental information (Lan and Yao 2019). Never-
theless, they were seldom included in the reviewed models.

Open processes, uncertainties, and non-linearities

Some variety was observed in how well the models incorpo-
rate uncertainties. ABM can deal with uncertainty through
sensitivity analysis using a one-factor-at-a-time analysis
(OFAT) like in van Voorn et al. (2020) and Taghikhah et al.
(2021). Other methods to consider uncertainty in the mod-
els are Bayesian belief networks, as used in Shaaban et al.
(2021), robust optimization as in Achmad et al. (2021), and
consistency analysis to reduce stochastic uncertainty with
an estimation of parameter effects on simulation results as
in Dobbie et al. (2018). This sensitivity analysis enables an
assessment of the degree to which the uncertainty in the
output of a model can be related to different input sources,
such as the non-linearity of interactions across scales (Lippe
et al. 2019). Only one paper did not mention uncertainties.

On the other hand, other sector papers also include uncer-
tainties in their studies. As in agri-food sector papers, other
studies also include sensitivity analysis for key parameters
such as that by Mittal and Krejci (2019). Moreover, Thomo-
poulos et al. (2021) perform a sensitivity analysis of the ratio
between frequency of crises and communication campaigns,
initial proportion of vegetarians, radius of crises, progres-
sion over time of the resistance rate, resistance to com-
munication campaigns, and influence of neighbors. Three
papers did not mention or include uncertainty analyses in
their study.

All 13 selected articles represented non-linear behav-
ior. The models studied in the selected records showed a
non-linear behavior under the studied scenarios, which
means that the changes in the outcomes are not the result
of a proportional change in any of the inputs. For instance,
the agri-food paper of Shaaban et al. (2021) researches
human-environment interactions representing complex
social—ecological systems with adaptive behavior, which is
non-linear. However, most of the papers did not explicitly
mentioned non-linearity in their outcomes, although they
are in fact non-linear.

Multidisciplinary approach

When used in combination with modeling, participatory
research can support the process of learning and co-creating
for both farmers and stakeholders (Delmotte et al. 2016).
From the selected 13 papers, only four mentioned explicitly
that they follow a participatory approach, or include a cer-
tain level of participation with stakeholders even when it was
not explicitly labeled as “participatory”. Out of these four

papers that follow a participatory approach, three belonged
to the agri-food sector.

In Shaaban et al. (2021), researchers use an extensive
participatory approach throughout the whole study. First, it
allows to account for individuals and the collective needs of
stakeholders regarding ecosystem services, which makes it
possible to map it in the model using GIS. The main advan-
tage of such approach is the inclusion of cultural realities
of diverse communities and landscapes. Moreover, the out-
comes of the model are discussed with the stakeholders to
evaluate the accuracy of the model.

On the other hand, studies like Catarino et al. (2021)
focused their participatory approach on scenario simula-
tion. The simulated scenarios were developed considering
stakeholders’ knowledge on limitations and feasible solu-
tions. Calibration, validation, and analysis of results were
also done in participation with stakeholders.

Discussion

Although sustainability transitions in agri-food systems
have been overlooked in the past (El Bilali 2019), they have
gained more visibility in sustainability transition research
in recent years (Elsner et al. 2023). Our systematic review
demonstrates how ABM studies represent, and are used for
the analysis of, all characteristics of sustainability transi-
tions, which indicates that these models can account for the
complex features in AFS. In this section, the potential of
ABM to deal with these characteristics is discussed based
on our analysis of the 13 selected papers.

Feedback loops

ABM is used to represent the economic, social, and envi-
ronmental dimensions. To achieve transformative change
in AFS, sustainability dimensions must be regarded simul-
taneously in an integrative perspective as well as include
their mutual interactions (Matthews et al. 2005; Preiser
et al. 2018; El Bilali and Probst 2018; Nogueira et al. 2019;
Allen et al. 2019). The inclusion of environmental and social
dimensions as outcomes or scenarios seems more prevalent
in the observed agent-based models. Some of the selected
papers only take into account specific aspects within sustain-
ability dimensions. Separating dimensions from sustainabil-
ity transitions may create an artificially narrow perspective
of AFS, which calls for the improvement of the represen-
tation of processes and relationships within sustainability
dimensions. For instance in the study by Catarino et al.
(2021), environmental variables such as grasslands and live-
stock dynamics would have captured the demand for feed
(Catarino et al. 2021). Combining other methods such as life
cycle analysis with ABM may help to quantify the different
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impacts of processes in the agent-based model and link this
information back to the agents, which in turn would influ-
ence their behavior (Baustert and Benetto 2017).

ABM has the potential to incorporate feedback loops
within and among agents, between varied sustainability
dimensions, and between initial conditions and outputs (Sun
et al. 2016; Miyasaka et al. 2017; Marvuglia et al. 2018).
This is also possible through other methods such as system
dynamics (SD), though not on all of the different cross-level
interactions at once. SD models represent dynamics on the
system level (Voinov et al. 2018) without micro-level inter-
actions and can be used to identify dominant drivers for the
system structures and boundaries for transitions (Nabavi
et al. 2017). It is recommended that SD represent the system
explicitly to avoid overlooking important socio-economic
processes (Nabavi et al. 2017). Although SD represented as
causal loop diagrams can illustrate alternative system states
and simulate transitions among them, they are insufficient
regarding their capacity to include emergent phenomena
from a bottom-up approach as opposed to ABM (Hoekstra
et al. 2017). Even though SD are also suitable to represent
socio-ecological dynamics, they falter in addressing socio-
ecological heterogeneity and spatial trade-offs compared
to ABM (Miyasaka et al. 2017), which might be solved by
coupling them to ABM (Lane and Oliva 1998; Nabavi et al.
2017; Ding et al. 2018; McGarraghy et al. 2022). In the
study of Taghikhah et al. (2021), the interactions offered
by a combination of ABM and SD give insights into social
sustainability dynamics for both consumers and farmers.

Nonetheless, a deep reflection on the sustainable nature of
transitions is lacking, especially in relation to social aspects
such as social justice (Kohler et al. 2019; El Bilali et al.
2021; Hebinck et al. 2021). For instance, although organic
and agroecological practices are becoming more environ-
mentally friendly, these transitions do not necessarily take
social justice into consideration (Lamine et al. 2019).

Sources and detection of systemic change

ABM allows for the representation of emerging effects of
systemic change through varied sorts of indicators for dif-
ferent sustainability dimensions. When all sustainability
dimensions are included in the agent-based model, trade-
offs between sustainability dimensions can be detected.
Performance indicators could be useful to understand the
overall effect of change in different dimensions and to help
policymakers (Zheng et al. 2013).

Being able to study the effects of different future sce-
narios in several sustainability dimensions is a strength of
ABM to represent complex systems as well as to account for
the uncertainties of future pathways (Abdel-Aal et al. 2020).
In AFS, many unknown context changes may appear in the
future, which makes ABM ideal in this regard. As Geels
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(2011) indicated, more attention should be paid to multi-
regime interactions for sustainability transitions, which
could benefit from using ABM.

Temporal and spatial scales

ABM can represent several spatial scales and interactions
among scales. In domains such as disease transmissions,
ABM following a multiple scale space—time patterns has
been proven to validate spatially explicit models assessing
the impacts on both micro and macroscales (Kang and Ald-
stadt 2019). In our systematic review, multiple scale mod-
eling with explicit time and space has only been observed
in few agri-food papers.

The coupling of ABM with spatial data is necessary to
build up spatial structures in dynamic models, which takes
intertwined consequences into account. In the systematic
review, GIS is frequently used in land use models for spatial
representation.

An advantage of agent-based models is that they are flex-
ible to represent processes that require either a longer time
span, such as landscape transformations, or shorter temporal
scales. Furthermore, they can combine multiple timescales
in one model. In such cases, insight into long-term processes
like land use transitions can be obtained by using a multi-
scale modeling approach that incorporates both social and
biophysical dynamics (Evans and Kelley 2008). However,
the understanding of a system in the past cannot guarantee
the prediction of future behaviors and long-system dynamics
in a complex system (Peter and Swilling 2014).

Changes in social values and norms

Literature points out that ABM currently have limited con-
sideration of social learning, risk aversion, social norms,
or social aspects contributing to social norms, in contrast
to natural system components that often appear in mod-
els (Rounsevell and Arneth 2011; Rounsevell et al. 2014,
Magliocca 2020). This has been reported as a limitation in
few reviewed papers (van Voorn et al. 2020; Schliiter et al.
2021). In sectors such as fisheries, standard models gener-
ally do not fully capture the social dimension, which calls
for improving the understanding of fisher behavior and rep-
resentation (Lindkvist et al. 2020; Wijermans et al. 2020).
In reality, however, social factors have a significant impact
on farming systems that can be comparable to economic or
agronomic factors. Moreover, it is a challenge to include this
behavioral decision-making for numerous sorts of agents
across sectors (Magliocca 2020). As indicated in Wijermans
et al. (2023), reflecting critically on what type of decision-
making fits the model by determining relevant sustainability
dimensions in the given context could enrich socio-ecolog-
ical models.
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To increase diversity in decision-making and integrate
social interactions in ABM, a combination of existing mod-
eling approaches could solve this (Huber et al. 2018). Nev-
ertheless, social and environmental factors influencing the
decision-making of agents are already represented through
ABM. In the study of Yan et al. (2019), the bottom-up
ABM approach was successful in the deep understanding
of driving factors and changing process in socio-ecological
systems. Characterization and parametrization are needed
to model agents’ behavior, but this carries challenges in
assessing behaviors through empirical observation (Yan
et al. 2019). Surveys, expert knowledge, interviews, and
participatory approaches are helpful methods to include the
behavior characteristics in ABM (Smajgl et al. 2011; Mar-
vuglia et al. 2022).

Diversity and heterogeneity

ABM includes heterogeneity by representing varied types
of agents. In cases such as technology adoption, both agent
heterogeneity and spatial interdependencies are crucial for
emergent phenomena toward transition, and consequently,
heterogeneity and diversity in the model components should
be explicitly treated (Parker et al. 2003). Heterogeneity may
change throughout the simulation due to agent learning and
demographic changes, which can affect model outcomes and
overall performance (Wilensky and Rand 2015). Hence, it
highlights the relevance to include behavioral heterogene-
ity in ABM, which could be done by integrating behavioral
theories in the model. However, ABM highly depend on
the initial conditions of agents and their designed behaviors
(Manson et al. 2020), which has been stated as a limitation
in a reviewed publication (Shaaban et al. 2021).

Explicitly modeling supply chains is an advantage of
ABM that clarifies how agents interact with each other, as
well as how sector trends can arise from their varied deci-
sion-making. As observed in the systematic review, this
explicit modeling of supply chains is emerging in ABM for
socio-ecological systems, especially for AFS, which indi-
cates a need to close this research gap (Magliocca 2020).

In Utomo et al. (2018), production was found to be the
most represented activity in the agri-food supply chain. This
limits the study of how the activities of the AFS value chains
are bridged (El Bilali 2019; Hebinck et al. 2021). Neverthe-
less, a focused study of at least two activities of the agri-food
supply chain can still provide valuable insights regarding
sustainability transitions. Other transition studies with multi-
sector perspectives in related sectors such as energy may
also benefit from the study of sustainable transitions in AFS
(Hebinck et al. 2021).

Data availability could constrain how well agents can be
distinguished (McGarraghy et al. 2022). Limited data can
lead to an oversimplification of the models (Robinson et al.

2018; McDowall and Geels 2017; Miyasaka et al. 2017,
Magliocca 2020). However, agent-based models are not
required to be highly data intensive. A set of assumptions
and theories, as well as stylized facts can represent decision-
making mechanisms without quantitative data (Miiller et al.
2013). Still, when presented with a choice between simplifi-
cation or overlooking agent heterogeneity, simplification is
deemed to be preferred (Rounsevell et al. 2014). For exam-
ple, in the case of Dobbie et al. (2018), simulation outcomes
were consistent with observations and literature despite the
simplifications of the model, reflecting important dynamics
from reality.

Open processes, uncertainties, and non-linearities

As Morgan et al. (1990) stated, without any uncertainty anal-
ysis in a model, especially for large and complex ones, the
meaning of the model outcomes is unclear. However, ABM
is demonstrated to be suitable to handle uncertainties in agri-
food systems transitions and most of them include sensitiv-
ity analyses. Other modeling methods, such as econometric
ones, fail to capture non-linear systems (Mehdizadeh et al.
2022). Interactions in complex systems can define how well
the system can confront uncertain disturbances; nonetheless,
the behavior of complex, non-linear systems is unpredictable
to some extent (Schouten et al. 2013).

Multidisciplinary approach

ABM has shown potential to understand transitions in com-
plex systems while supporting a participatory, interdiscipli-
nary approach (Hansen et al. 2019). Interdisciplinary frame-
works that synthesize and integrate links between disciplines
can also be adequate for AFS to support the understanding
of socio-ecological systems like in Schliiter et al. (2019).
However, more attention should be given to the degree of
participation and how this benefits the modeling.

It is highly recommended to follow a participatory
approach, especially in AFS sustainability transition papers
using ABM, as that these tend to be broad, multidisciplinary
systems. We observe in our results that including participa-
tory approaches or collaborative modeling is beneficial. For
instance, the CHANOS model (Mialhe et al. 2012), devel-
oped to test the effects of decision-making of farmers on
land use change, can also be used as a decision support tool,
where participants can discuss the model outcomes related
to determined factors such as behavioral, policy, and envi-
ronmental change (Mialhe et al. 2012). In this regard, fol-
lowing good code publishing practices could be done in spe-
cific modeling journals such as Environmental Modelling &
Software or by keeping modeling notebooks, which helps to
communicate and share models’ results (Ayllon et al. 2021).
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The combination of ABM with other methods can
increase the power of these analyses. Filatova et al. (2016)
conclude that the greatest insight into regime shifts would
be provided when a hybrid approach with other methods
is used. Coupled models show enhanced representation of
processes through a clear identification of component inter-
actions and processes (Robinson et al. 2018). For instance,
the integrative outcomes of the coupled ABM-GIS model
developed in Castella et al. (2005) provided policymakers
with a decision-making support tool that inspired stakehold-
ers. Furthermore, a combination of participatory future nar-
ratives with ABM in AFS contributes to a more accurate
system representation (Shaaban et al. 2023), which can be
useful for facilitating transition processes. Agri-food models
could benefit from using complementary methods adapted
to the needs of the simulation.

Issues that could pose a challenge in the developing of
ABM are specific skillset requirements, access to relevant
databases containing reliable data, and the steep learning
curves for software tools. Collaboration can address some
of these issues, e.g., working within a team that comprises
individual skills and experience and creating interdiscipli-
nary collaborations between computer and social scientists.

Lastly, a reasonable amount of time is required to com-
plete the modeling process (Holtz et al. 2015; Hansen et al.
2019; Guo et al. 2020). Even though some papers state limi-
tations of the model indicating that agents could be more
complete, or that models are oversimplified to reduce com-
plexity (Kohler et al. 2019), this does not entirely illustrate
a limitation. Although complexity is a broadly discussed
concept, ABM has to capture the core characteristics among
system entities to provide insights (Manson et al. 2012).

Conclusions

The present systematic research highlights the potential
found in ABM to understand sustainability transitions in
AFS. Agent-based modeling has shown great potential to
enable understanding of the characteristics of sustainability
transitions, specifically in the context of agri-food systems.
Encouraging modeling sustainability transitions research in
agri-food systems using an ABM approach is highly desired
to address this research topic. Furthermore, a combination
of ABM with other powerful methods, depending on the
needs of the model (e.g., GIS, system dynamics, Bayesian
networks, and the like), results in great insights into agri-
food systems’ transitions and could add on improving the
representation of relevant socio-ecological dynamics.
Even though we highlight the potential of ABM as a
method to understand sustainability transitions, there are
limitations worth considering, such as its dependence on ini-
tial inputs, assumptions of agent behavior, and the need for a
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better representation of social norms. Given the uncertainty
of sustainability transitions and the mentioned limitations,
ABM is often not predictive. Therefore, model results should
be treated as a projection rather than an accurate prediction
of sustainability transitions. Moreover, developing an ABM,
gathering data, and validating results with experts requires
a significant amount of time. Yet, this clashes with the need
to timely address sustainability transitions.

This study takes the first step toward understanding the
transition modeling of a complex system where a sustain-
able transition is still demanded. Research on sustainability
transitions in agri-food systems should focus on the aspects
mentioned to contribute novel and valuable insights for the
field. Periodic research to reflect on the status of sustainabil-
ity transition research would help to meet the urgent need
for transitions toward sustainability in agri-food systems and
integrate the latest insights. The outcomes of agent-based
modeling research will help to identify efficient and suc-
cessful strategies for sustainability transitions within the
agri-food sector.
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