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1. Introduction 

Although hunger and malnutrition have been at the forefront of 
sustainable development agendas for decades, these issues remain sig
nificant challenges for humanity. Current trends support the discour
aging fact that by 2030, we will be far from reaching the goal of Zero 
Hunger, with around 600 million people still facing hunger (FAO et al., 
2023). Besides struggling to reduce hunger and malnutrition, the current 
food regime is questioned for contributing to other socioeconomic and 
environmental challenges such as poverty (Gassner et al., 2019; Giller 
et al., 2021; Raza and Soares, 2020), social inequalities and injustices 
(HLPE, 2020; Leeuwis et al., 2021), and climate change (Crippa et al., 
2021). 

Global crises like the COVID-19 pandemic and geopolitical conflicts 
have not only intensified the existing unsustainable trends in our food 
systems but also brought attention to the synergies and trade-offs be
tween food insecurity and other challenges rooted in how food is pro
duced, processed, traded, and consumed (Béné, 2022; Fanzo, 2021; 
IFAD, 2021; Ruben et al., 2021). 

The growing awareness of the strong interlinkages between chal
lenges traditionally linked to food and agriculture and broader sus
tainability issues faced by humanity nowadays illustrate the potential of 
food systems as powerful levers for achieving Sustainable Development 
Goals (SDGs) and meeting the commitments set for 2030 (Dury et al., 

2019; FAO et al., 2023; HLPE, 2020). Furthermore, it supports the global 
claim for structural changes in food systems in a way that provides food 
security while fostering the positive and reducing the negative impacts 
on sustainability (Béné et al., 2019; Dury et al., 2019; Ericksen, 2008; 
HLPE, 2020; TEEB, 2018). 

The idea of food systems that contribute to SDGs is widely used to 
describe the normative nature of the transformation of food systems 
(Haddad and Hawkes, 2016; Willett et al., 2019). Nonetheless, it is 
worth mentioning that systems thinking theory argues there is no single 
solution or correct answer when dealing with complex systems. Rey
nolds and Holwell (2010) indicate that defining the values and nature of 
transformation should involve dialogue and negotiations between 
stakeholders holding diverse perspectives. 

Among the many definitions of sustainable food systems, we adopt 
the one developed by the HLPE (2020) that states that “sustainable food 
systems are productive and prosperous, equitable and inclusive, 
empowering and respectful, resilient to shocks and crisis, regenerative 
by ensuring sustainability in its three dimensions, and healthy and 
nutritious" (p. xv). 

Significant progress has been made in exploring and comprehending 
food-and-agriculture-related challenges by acknowledging them as 
complex issues that require thinking systemically to be addressed (Béné 
et al., 2019; HLPE, 2020; Walton et al., 2021). As part of this progress, 
the food security discourse in sustainable development agendas has been 
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evolving over the last 50 years toward more systemic understandings 
(HLPE, 2020; Westengen and Banik, 2016), hand in hand with the 
growing adoption of food systems approaches in socio-political, scien
tific, and technical spheres (Brouwer et al., 2020; HLPE, 2020; IPES-
Food, 2021). In September 2021, the first-ever United Nations Food 
Systems Summit marked a crucial landmark in the adoption of food 
systems approaches, as it aimed to “deliver progress on all 17 of the 
Sustainable Development Goals … leveraging the interconnectedness of 
food systems to global challenges such as hunger, climate change, 
poverty, and inequality" (United Nations, 2021). 

As discourse around food systems evolved, various frameworks have 
emerged to guide efforts towards sustainability. Developed indepen
dently by diverse authors and institutions, these food systems frame
works (FS frameworks) offer practical guidance for exploring and 
understanding the elements, interrelationships, and dynamics that 
explain the outcomes and trends of food systems. While this rapid evo
lution of FS frameworks has undoubtedly advanced our understanding 
of food systems challenges and behavior, it also presents challenges to 
leverage contributions and maximize impacts through an enhanced 
dialogue among the different FS frameworks. 

Recent studies reveal FS frameworks’ limitations in informing and 
supporting policy processes and interventions that progress in the 
transformation toward more sustainable food systems (see, e.g., 
Brouwer et al., 2020; Zou et al., 2022). Among the research mentioned 
above, it is worth noting Brouwer et al. (2020) who, besides exploring 
how FS frameworks address drivers, components, and 
sustainability-related outcomes, also pay attention to the implications of 
the focus of the analysis in critical barriers for transformations - such as 
governance structures, conflicting perspectives, and the identification of 
leverage points for transformation - calling to harmonize the insights 
and tools generated in diverse studies under a “commonly agreed food 
systems approach" (Brouwer et al., 2020, p. 8). 

According to Leeuwis et al. (2021), it is essential to acknowledge and 
embrace the systemic nature of food systems to maximize their contri
butions to sustainability outcomes. Systems Thinking and Complexity 
Science (STCS) can be instrumental in this regard, as these disciplines 
and related literature provide a range of traditions, concepts, ap
proaches, methods, and tools that have been central to the paradigm 
shift away from linear and reductionist thinking, and towards address
ing complex issues and supporting systemic changes (Gates et al., 2021; 
Walton et al., 2021). 

In line with the insights of Leeuwis et al. (2021), we see an oppor
tunity to enhance FS frameworks by fostering dialogue and 
cross-learning among them and with Systems Thinking and Complexity 
Science. Building upon this opportunity, our research aims to establish 
the groundwork for FS frameworks to meaningfully embrace food sys
tems’ systemic and complex nature. By facilitating dialogue and 
cross-learning among FS frameworks and with ideas from Systems 
Thinking and Complexity Science, we seek to enhance their capacity to 
support and inform sustainability-oriented transformations. 

Section 2 of this article outlines the methodology used to assess 20 FS 
frameworks developed from 2008 to 2021. This assessment draws on ten 
STCS principles, which have been designed and tested in previous 
research to help understand and deal with complex issues. Section 3 
presents the insights gained from assessing FS frameworks, showcasing 
the diverse theoretical and methodological practices they proposed to 
meaningfully embrace food systems’ complex and systemic nature. 
These findings also reveal gaps and opportunities, underscoring the 
potential for further dialogue among FS frameworks and with STCS. 

Section 4 delves into how FS frameworks, by recognizing and 
meaningfully embracing the systemic and complex nature of food sys
tems, lay the groundwork to inform ongoing discussions on how to move 
towards more sustainable food systems. Section 5 concludes by high
lighting that STCS principles can play an instrumental role in strength
ening FS frameworks to acknowledge and meaningfully embrace the 
complex, systemic nature of food systems. This paves the way for 

fostering dialogue and cross-learning within the food systems research 
field, STCS, and other domains grappling with complex issues. 

2. Methodology 

This research aims to contribute to the growing body of research and 
discussions on food systems by delving into whether and to what extent 
FS frameworks acknowledge and embrace their systemic and complex 
nature. Gaining insights from a transparent and robust assessment 
would set the foundations for FS frameworks to dialogue, exchange, and 
learn from each other and from Systems Thinking and Complexity Sci
ence fields of knowledge. 

This enhanced understanding and the dialogue and learning between 
FS frameworks and the ideas, concepts, and instruments offered by STCS 
will provide food systems researchers, evaluators, and practitioners with 
actionable ways to strengthen FS frameworks to acknowledge and 
embrace meaningfully the systemic and complex nature of food systems. 

We open this section by detailing the systematic search and selection 
of FS frameworks made from a review of academic and grey literature 
that proposes or discusses FS frameworks published from 2008 to 2021. 

Next, we introduce the STCS principles synthesized, tested, and 
validated by Bustamante et al. (2021), illustrating their relevance in 
current academic discussions and narratives around food systems and 
the need for their transformation to contribute to sustainability 
outcomes. 

Finally, we present the rubric designed to support a more robust, 
transparent, and insightful assessment of FS frameworks, based on the 
core STCS insights provided by Bustamante et al.’s set of principles 
(2021). 

2.1. Selection of publications 

Literature on FS frameworks considered for this paper was academic 
and grey, limited to documents published in English, and published from 
2008 – when the food system approach started being broadly used 
(UNEP, 2016; van Berkum et al., 2018) – to 2021, both years included. 

Search engines and databases were explored to identify academic 
literature. Searches on the Web of Science and Scopus databases were 
done using the terms “food system*" in the title AND “framework" AND 
(sustainab* OR “food security" OR “food and nutrition security") in the 
title, abstract, or specified keywords. The resulting list of academic 
literature was complemented by a Google Scholar search using the term 
“food system* framework." Additionally, documents and reports of in
ternational agencies and research institutions were identified using the 
terms “food system," AND “framework," AND “analysis" in the Google 
search engine. 

As a result of these search strategies in scientific databases, 414 
publications were retrieved and listed. All their abstracts were reviewed 
to select those that propose or discuss conceptual and methodological 
frameworks for analyzing food systems. This second filtering was done 
using the following exclusion criteria: First, FS frameworks with a par
tial scope of analysis were excluded -and understood as frameworks 
focused on exploring certain elements or interrelationships without 
considering the big picture of food system activities immersed and 
interrelated with a broader socioeconomic and environmental context. 
Second, FS frameworks that, being more general in scope, did not delve 
into the interrelationships and elements within the food system (e.g., the 
water-energy-food systems frameworks, SDGs focused, and frameworks 
exclusively dealing with sustainability) were excluded. Third, publica
tions on case studies were excluded if they lacked discussion regarding 
the FS framework applied. Publications applying a previously designed 
and discussed framework were also excluded if they did not include 
decisive changes for its application. Fourth and lastly, FS frameworks 
limited to specific methods or tools (e.g., Life Cycle Assessment, Multi- 
criteria assessment, Systems Dynamics Models, among others) were 
excluded if they lacked discussions regarding the definition of food 
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systems and how to improve our understanding of them. As a result, 11 
academic publications were selected. For the grey literature, the same 
selection process led to the identification of 11 international reports 
published by international agencies – United Nations Food and Agri
culture Organization (FAO), United Nations Environmental Program 
(UNEP), High-Level Panel of Experts on Food Security and Nutrition 
(HLPE) – policy advocacy networks – International Panel of Experts on 
Sustainable Food Systems (IPES-Food), Global Alliance for the Future of 
Food, The National Academies of Science, Engineering, and Medicine – 

research agencies – Wageningen Economic Research – and consultancy 
groups – The Institute for Development of Environmental-Economic 
Accounting (IDEEA Group). 

2.2. Systems thinking and complexity science principles in the food 
systems discourse 

For several decades, a paradigm shift towards increasingly systemic 
understandings has reshaped research, debates, and interventions in 

Table 1 
FS frameworks and publications assessed.   

Publication 
number 

Framework 
number 

Author Year Title Publisher/Journal 

Grey 
Literature 

1 1 Bortoletti & Lomax 2019 Collaborative framework for food systems 
transformation: A multi-stakeholder 
pathway for sustainable food systems 

United Nations Environment 
Program (UNEP) 

2 2 Dury et al. 2019 Food systems at risk: new trends and 
challenges 

United Nations Food and 
Agriculture Organization 
(FAO) 

3 3 Institute of Medicine (IOM) & 
National Research Council of the 
National Academies (NRC) 

2015 A framework for assessing the effects of the 
food system 

The National Academies Press 

4 4 IPES-Food 2015 The new science of sustainable food systems International Panel of Experts 
on Sustainable Food Systems 
(IPES-Food) 

5 5 Nguyen 2018 Sustainable food systems. Concept and 
framework 

United Nations Food and 
Agriculture Organization 
(FAO) 

6 6 The Economics of Ecosystems and 
Biodiversity (TEEB) 

2018 TEEB for agriculture and food. Scientific and 
Economic Foundations Report 

United Nations Environment 
Program (UNEP) 

7  Eigenraam et al. 2020 Applying the TEEBAgriFood evaluation 
framework: Overarching implementation 
guidance 

IDEEA Group and Global 
Alliance for the Future of Food 

8 7 High-Level Panel of Experts on 
Food Security and Nutrition 
(HLPE) 

2017 Nutrition and food systems High-Level Panel of Experts on 
Food Security and Nutrition 
(HLPE) 

9 8 United Nations Environment 
Program (UNEP) 

2016 Food systems and natural resources United Nations Environment 
Program (UNEP) 

10 9 van Berkum et al. 2018 The food systems approach. Sustainable 
solutions for a sufficient supply of healthy 
food 

Wageningen Economic 
Research 

11  Posthumus et al. 2018 Food systems: From concept to practice and 
vice versa 

Wageningen Economic 
Research 

Academic 
Literature 

12 10 Allen & Prosperi 2016 Modeling sustainable food systems Environmental Management 
13 11 Béné et al. 2019 When food systems meet sustainability. 

Current narratives and implications for 
actions 

World Development 

14 12 Connolly-Boutin & Smit 2016 Climate change, food security, and 
livelihoods in sub-Saharan Africa 

Regional Environmental 
Change 

15 13 Ericksen 2008 Conceptualizing food systems for global 
environmental change research 

Global Environmental Change- 
Human and Policy Dimensions 

16 14 Halbe & Adamowski 2019 Modeling sustainability visions: A case study 
of multi-scale food systems in Southwestern 
Ontario 

Journal of Environmental 
Management 

17 15 Hubeau et al. 2017 A new agri-food systems sustainability 
approach to identify shared transformation 
pathways towards sustainability 

Ecological Economics 

18 16 Jackson et al. 2020 System of hunger: Understanding causal 
disaster vulnerability of indigenous food 
systems 

Journal of Rural Studies 

19 17 Paloviita et al. 2017 Food security Is none of your Business? Food 
supply chain management in support of a 
sustainable food system 

Operations and Supply Chain 
Management: An International 
Journal 

20 18 Raza et al. 2020 Conceptual framework of food systems for 
children and adolescents 

Global Food Security 

21 19 Vallejo-Rojas et al. 2016 Developing an integrated framework to 
assess agri-food systems and its application 
in the Ecuadorian Andes 

Regional Environmental 
Change 

22 20 Zurek et al. 2018 Assessing sustainable food and nutrition 
security of the EU food system: An 
integrated approach 

Sustainability 

Note: Two of the listed frameworks were developed through two subsequent publications that we treat as part of the same framework: (1) TEEBAgriFood framework 
(TEEB, 2018), later complemented with an implementation guidance (Eigenraam et al., 2020); (2) FSA framework (van Berkum et al., 2018), later complemented with 
a report that summarizes information about systems thinking and food systems (Posthumus et al., 2018). 
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diverse fields that explore and address complex issues. This shift is 
demonstrated by the growing interest in STCS (Gates et al., 2021). To 
foster engagement with STCS, Bustamante et al. (2021) designed an 
STCS principles-based framework that comprises ten guiding principles 
that offer practical guidance to understand and deal with complex 
issues. 

This framework synthesizes the broad array of traditions, theories, 
concepts, and practices from Systems Thinking and Complexity Science, 
identifying synergies and complementarities. Drawing on the works of 
Ramalingam et al. (2008) from complexity science, and of Midgley 
(2006), Reynolds and Holwell (2010), and Williams and Iman (2006) 
from systems thinking, we synthesized insights into three considerations 
for dealing with complex issues: (i) comprehensively exploring the sit
uation of interest; (ii) understanding the dynamic behavior of the sys
tem; (iii) and acknowledging the crucial role of agents, governance 
structures, and power relations in systems performance and 
transformation. 

A relevant clarification on the STCS principles (Bustamante et al., 
2021) is that these reflect a methodological pluralism approach (Min
gers and Brocklesby, 1997), bringing together worldviews from different 
STCS paradigms into the same framework (Jackson, 2003) at both 
ontological and epistemological stances (Bustamante et al., 2021). 

Table 2 lists the ten STCS principles mentioned above, including a 
brief description of the features related to the nature of complex issues 
for whose understanding and treatment each principle provides 
guidance. 

Lastly, we illustrate the relevance of STCS principles in current dis
cussions and research on transforming food systems towards sustain
ability. By citing authors focused on making food systems more 
sustainable, Table 3 links literature on food systems transformation to 
each STCS principle, highlighting how understanding and embracing 
food systems’ complex and systemic nature lays the groundwork for 
meaningful and sustainable changes. 

2.3. Analysis of FS frameworks 

In order to analyze the extent to which FS frameworks acknowledge 
and embrace the complex and systemic nature of food systems, an 
evaluation rubric (Davidson, 2004) was designed and applied to the 
selected FS frameworks. This rubric is based on the STCS principles 
introduced in section 2.2 (Bustamante et al., 2021). 

According to Davidson (2004), a rubric is an assessment tool that 
enhances transparency, engagement, learning, and adaptation through 
evaluative processes. Rubrics set out the two fundamental elements for 
any transparent evaluation: criteria – the dimensions around which the 
assessment is performed — and standards – the different performance 
levels aligning with or meeting the criteria. Davidson also stresses that 
rubrics are especially useful as they describe what performance would 
look like for each criterion at each level of alignment defined by the 
standards. 

To design the rubric - presented in Table 4 - the ten overarching 
principles of STCS were incorporated as assessment criteria. In turn, the 
information provided in Table 2 to describe each principle was used to 
design levels of alignment that provide clarity and transparency to the 
assessment of FS frameworks. The rubric consists of four levels of 
alignment, each indicating a progressively higher level of alignment 
between FS frameworks and STCS principles. The first level indicates 
that the principle is absent, while the last three levels are cumulative, 
meaning each level implies compliance with the previous levels. 

Once designed, the rubric was applied to assess the 20 FS frameworks 
in Table 1. After reviewing their respective document/s, a level of 
alignment was assigned for each of the ten STCS principles as per the 
rubric in Table 4. 

Our intention in undertaking this assessment is not to render value 
judgments on FS frameworks. We intentionally avoid ranking and 
highlighting what might be perceived as weaknesses of the assessed FS 

Table 2 
STCS principles to understand and address complex issues.  

Dimensions Principles Brief description of 
principles 

I. Exploring the big 
picture 

1. Acknowledge the 
multidimensionality and 
hierarchical structure of 
complex systems. 

Complex systems consist of 
interrelated elements that 
operate at various levels of 
organization, where the 
lower levels can be 
themselves systems nested 
into the embedding 
multidimensional context ( 
Cornell Office for Research 
on Evaluation, 2009; Iman 
et al., 2006; Midgley, 
2006). 
To comprehensively 
understand complex 
situations, their 
hierarchical and 
multidimensional structure 
need to be mapped 
systemically to identify key 
elements and their 
interactions (Midgley, 
2006; Williams and 
Hummelbrunner, 2009). 

2. Engage with interrelations 
and interdependencies. 

Linkages between system 
elements form 
relationships of causality 
and dependence, shaping 
the system as a whole ( 
Midgley, 2006; Williams 
and Hummelbrunner, 
2009). 
To understand the non- 
linear nature of these 
relationships, it is essential 
to delve into 
interdependencies and 
feedback loops that can 
accelerate or suppress 
changes in complex 
systems, leading to 
unpredictable 
consequences and 
outcomes (Foster-Fishman 
et al., 2007; Reynolds 
et al., 2012; Reynolds and 
Holwell, 2010; Williams 
and Hummelbrunner, 
2009). 

3. Explore emergent 
properties and behavior. 

Complex systems exhibit 
emergent properties (e.g., 
resilience, self- 
organization) and behavior 
arising from their 
constituent elements’ 
interactions. 
Exploring these emergent 
phenomena involves 
mapping how system 
elements interact to 
produce novel behavior 
and properties that cannot 
be explained by studying 
individual elements in 
isolation (Foster-Fishman 
et al., 2007; Midgley, 2006; 
Reynolds et al., 2012;  
Reynolds and Holwell, 
2010). 

II. Understanding 
the dynamics of 
the system 

4. Define the phase space of 
complex systems to explore 
their movements through 
time and identify patterns of 
change. 

The phase space of complex 
systems provides a 
conceptual mathematical 
framework delimited by 
understanding the possible 

(continued on next page) 
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Table 2 (continued ) 

Dimensions Principles Brief description of 
principles 

values that variables and 
dimensions of the system 
can theoretically take ( 
Ramalingam et al., 2008). 
Defining the phase space 
sets the foundations for 
tracking and understanding 
the system’s temporal 
evolution and identifying 
patterns of change, thus 
providing valuable insights 
into the underlying 
mechanisms driving system 
behavior (Byrne, 2013). 

5. Explore how and why 
complex systems change 
phases and/or states, leading 
to transformations. 

Complex systems, as 
adaptive and far from 
equilibrium systems, 
cannot operate in stability 
for long periods, being 
easily disrupted to shift 
states in response to 
internal and external 
influences (Byrne and 
Callaghan, 2014; Kania 
et al., 2012). To understand 
how changes are triggered 
in the systems and find 
ways to catalyze them, it is 
essential to understand and 
explore the system’s 
control parameters and 
attractors and their role in 
driving shifts in system 
states through time (Byrne 
and Callaghan, 2014;  
CECAN, 2019;  
Ramalingam et al., 2008;  
Vincent, 2012; Westhorp, 
2012). 
Exploring attractors 
explains system changes 
from one equilibrium point 
to another, understanding 
attractors as subsets of the 
phase space that illustrate 
the states the system 
reaches after undergoing a 
perturbation (Burns and 
Worsley, 2015; Rickles 
et al., 2007; Vincent, 
2012). 
On the other hand, 
exploring control 
parameters implies 
recognizing that while the 
state of the system may be 
described by the values 
taken by a large number of 
variables at a given time, 
only a few determine the 
actual character of those 
states: order parameters 
and control parameters ( 
Byrne and Callaghan, 
2014). Order parameters 
are systemic features that 
indicate how the system’s 
elements cooperate and 
compete with each other … 
Control parameters are 
external inputs that can be 
tuned to change the order 
parameters and thus shift 
the system from one state  

Table 2 (continued ) 

Dimensions Principles Brief description of 
principles 

to another" (Rickles et al., 
2007, p.935). 
Structural changes or state 
shifts in the systems occur 
once a tipping point is 
reached and if the internal 
behavior is conductive. A 
conductive internal 
behavior implies high 
connectivity between the 
system units, achieved 
when control parameters 
reach a critical point ( 
Byrne and Callaghan, 2014; 
Vincent, 2012). 
To cope with the dynamic 
behavior of complex 
systems, evaluation should 
be designed as an iterative 
process of learning and 
adaptation (Cornell Office 
for Research on Evaluation, 
2009; Gates, 2016;  
Hummelbrunner, 2011;  
Midgley, 2006; Reynolds 
et al., 2012; Reynolds 
et al., 2016; SETIG, 2018). 

6. Acknowledge the path 
dependence and context 
sensitivity of complex 
systems. 

Contextual factors and 
historical trajectories 
influence the behavior of 
complex systems (Burns 
and Worsley, 2015; Byrne 
and Callaghan, 2014;  
CECAN, 2019; Kania et al., 
2012; Westhorp, 2012). 
This path dependence 
means that a decision made 
at a certain point in time 
enables a range of possible 
future states but limits 
others (Byrne, 2013; Kania 
et al., 2012; Ramalingam 
et al., 2008). 
Recognizing the effects of 
historical decisions and the 
influence of contextual 
factors is essential for 
tailoring interventions to 
address specific challenges 
and leverage opportunities 
for change in different 
situations (Burns and 
Worsley, 2015). 

III. Acknowledging 
the role of agents 
in complex 
systems 

7. Recognize the role of 
adaptive agents in the 
dynamics and behavior 
patterns of complex systems. 

Adaptive agents play a 
crucial role in shaping 
complex systems’ dynamics 
and behavior patterns. 
These agents have their 
own purposes and 
perspectives, which 
influence their behavior 
and interactions within the 
system (CECAN, 2019; 
Kania et al., 2012; 
Ramalingam et al., 2008). 
Recognizing that the 
system’s dynamics and the 
changing context influence 
and are influenced by the 
learning, knowledge, and 
way of acting of agents is 
essential to understanding 
processes of co-evolution of 
adaptation of agents and 
the self-organizing capacity 

(continued on next page) 
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frameworks; instead, we aim to showcase and elevate practices that 
embrace the systemic and complex nature of food systems. We 
acknowledge that although the STCS rubric seeks to be a clear and 
transparent diagnosis tool to find ways to bring SCTS into food systems 
analysis, our interpretation of how each FS framework accounts for the 
systemic and complex nature of food systems may be biased as influ
enced by our perspectives on the documents analyzed. 

We aim to create a dialogue and knowledge exchange space among 
FS frameworks and STCS by showcasing positive examples and prac
tices. We intend to provide a foundation for cross-learning and collab
oration among practitioners and researchers to deepen the collective 
understanding of food systems and inform practice rather than impose a 
rigid judgment on individual frameworks. Instead, we encourage prac
titioners to use the STCS principles-based rubric as a tool for self- 
awareness and reflection, allowing them to analyze and strengthen 
their frameworks as they see fit (Bustamante et al., 2021), along with the 
results of this research to inform their practice. 

3. Results 

This section includes the results of assessing the 20 FS frameworks 
listed in Table 1. We describe the extent to which the analyzed 

Table 2 (continued ) 

Dimensions Principles Brief description of 
principles 

of complex systems (Kania 
et al., 2012; Ramalingam 
et al., 2008). 

8. Engage with the diverse 
perspectives that are part of 
the same big reality. 

Acknowledging that 
systems are 
conceptualizations of 
complex issues rooted and 
responding to different 
worldviews, any systemic 
inquiry needs to actively 
engage stakeholders in 
exploring their 
motivations, interests, 
concerns, and values on the 
situation being explored to 
identify perspectives on 
how the system is, how it 
should be, and potential 
pathways to reach the 
desirable state (Cabrera 
et al., 2008;  
Hummelbrunner, 2011;  
SETIG, 2018; Williams and 
Hummelbrunner, 2009). 
Actively involving 
stakeholders with varying 
perspectives would enrich 
the analysis of complex 
issues and develop more 
inclusive and feasible 
intervention strategies, 
fostering collective 
ownership (Checkland and 
Poulter, 2010; Cornell 
Office for Research on 
Evaluation, 2009; Midgley, 
2006; Reynolds and 
Holwell, 2010). 

9. Promote dialogue and 
mutual appreciation among 
perspectives to decide how 
to frame and address 
problematic situations. 

Promoting meaningful 
dialogue and exchanges 
among diverse perspectives 
is essential to enhance 
collective awareness of the 
values and assumptions 
underlying diverse 
perspectives, thus 
encouraging open 
communication and trust 
among stakeholders ( 
Cornell Office for Research 
on Evaluation, 2009; Eppel 
et al., 2011;  
Foster-Fishman et al., 
2007; Kania et al., 2012;  
Williams and 
Hummelbrunner, 2009). 
Collaborative approaches 
would enable stakeholders 
to negotiate from an 
enhanced trust and 
awareness and co-create 
interventions that reflect 
their shared values, 
aspirations, and concerns, 
making sense in practice ( 
Vincent, 2012). 
When fostering 
collaborative approaches, 
it is crucial to draw 
attention to power 
relations and governance 
structures that shape 
stakeholders’ interactions 
to understand and address 
their influence on how  

Table 2 (continued ) 

Dimensions Principles Brief description of 
principles 

stakeholders negotiate the 
framing of the situation, 
decide the desired future, 
and identify potential 
pathways to reach it ( 
Byrne, 2013; Midgley, 
2006; Reynolds et al., 
2012; SETIG, 2018;  
Vincent, 2012) 

10. Place boundaries to 
manage complexity. 

Placing boundaries is 
essential in managing 
complexity and performing 
a systemic analysis. 
Boundary decisions depend 
on the perspectives 
adopted; therefore, it is 
crucial to support 
stakeholders in being 
aware and questioning the 
underlying values and 
assumptions of different 
perspectives to build 
informed arguments when 
deciding which worldviews 
and values to prioritize 
when defining systems’ 
boundaries (Cornell Office 
for Research on Evaluation, 
2009; Gates, 2016;  
Hummelbrunner, 2011;  
Iman et al., 2006; Walton, 
2014; Williams and 
Hummelbrunner, 2009). 
Defining, questioning, and 
reflecting on boundaries 
requires careful 
consideration of the links 
between power relations, 
perspective prioritization, 
boundary decisions, and 
their ethical and practical 
implications (Iman et al., 
2006; Reynolds et al., 
2012; Reynolds et al., 
2016; SETIG, 2018;  
Williams and 
Hummelbrunner, 2009).  

M. Bustamante et al.                                                                                                                                                                                                                           



Global Food Security 42 (2024) 100777

7

frameworks acknowledge and embrace the systemic and complex nature 
of food systems, with the results compiled in Table 5. The table shows 
the percentage of the analyzed FS frameworks aligned with each STCS 
principle at varying levels, according to the rubric (Table 4). 

The percentage shown in Table 5 corresponds to the percentage of FS 
frameworks that meet each level of alignment exclusively. However, the 
rubric is progressive, meaning higher levels imply compliance with the 
previous ones. Therefore, to determine the percentage of FS frameworks 
that meet a certain level of performance as a minimum, it is necessary to 
sum up the percentages at the higher levels. 

Additionally, we highlight exemplary practices proposed by FS 
frameworks that contribute to meaningfully understanding and coping 
with food systems’ complex and systemic nature. Identifying these 
practices and the complementarity among frameworks reveals oppor
tunities for dialogue and collaborative efforts within the food system 
field of research to substantially embrace the systemic and complex 
nature of food systems. 

The following subsections present the assessment results around the 
three major considerations for addressing complex issues around which 
the STCS principles were organized. 

Table 3 
Relevance of STCS principles in current discussions and research on trans
forming food systems towards sustainability.  

STCS Principles Current discussions and research on 
transforming food systems towards 
sustainability 

1. Acknowledge the 
multidimensionality and 
hierarchical structure of complex 
systems. 

Understanding the intricate network of 
elements and actors that shape food systems’ 
behavior, outcomes, and externalities is 
paramount for identifying the drivers and 
outcomes of food systems (van Bers et al., 
2019; Brouwer et al., 2020; TEEB, 2018). 
This comprehensive understanding 
enables the management of trade-offs and 
synergies between competing goals, which 
is essential for addressing complex 
challenges such as food insecurity, 
poverty, inequity, and environmental 
degradation (Béné, 2022; Caron et al., 
2018; Leeuwis et al., 2021; Mausch et al., 
2020; Ruben et al., 2021). 

2. Engage with interrelations and 
interdependencies. 

3. Explore emergent properties and 
behavior. 

Mapping food systems’ complex structure 
lays the foundation for exploring and 
understanding the emergent properties of 
the system, which is crucial for maximizing 
its contributions to advancing 
sustainability objectives (Béné, 2022;  
Leeuwis et al., 2021; Ruben et al., 2021). 

4. Define the phase space of complex 
systems to explore their movements 
through time and identify patterns of 
change. 

Exploring the behavior of food systems 
over time is crucial for gaining insights 
into their patterns of change and identifying 
leverage points for the needed 
transformation (Abson et al., 2017;  
Leeuwis et al., 2021; Mausch et al., 2020;  
Meadows, 1999). 

5. Explore how and why complex 
systems change phases and/or 
states, leading to transformations. 

Understanding the internal and external 
conditions that shape structural changes, 
including governance structures ( 
Huttunen et al., 2022; Leeuwis et al., 2021; 
Ruben et al., 2021; Vignola et al., 2021), 
contextual factors and trends (Dengerink 
et al., 2021; Gaitán-Cremaschi et al., 
2019), and historical trajectories (van Bers 
et al., 2019; Kuokkanen et al., 2017), is 
essential for navigating complex 
challenges. Delving into these conditions 
sheds light on how food systems can be 
transformed, highlighting the need for 
adaptive management and tailor-made 
solutions that account for their diversity 
and dynamics (Garbero et al., 2021). 

6. Acknowledge the path dependence 
and context sensitivity of complex 
systems. 

7. Recognize the role of adaptive 
agents in the dynamics and behavior 
patterns of complex systems. 

Stakeholders within food systems hold 
diverse perspectives that co-exist, leading to 
tensions, conflicts, and trade-offs that can 
hinder the necessary transformations 
toward sustainability (Béné, 2022; Hubeau 
et al., 2019). Failure to acknowledge and 
engage with diverse perspectives underlies 
agency and power issues (van Bers et al., 
2019; Zurek et al., 2021), influencing 
policies and decision-making processes that 
shape the behavior and evolution of food 
systems (Brouwer et al., 2020; HLPE, 
2020; Ruben et al., 2021). 

8. Engage with the diverse 
perspectives that are part of the 
same big reality. 

9. Promote dialogue and mutual 
appreciation among perspectives to 
decide how to frame and address 
problematic situations. 

Understanding how stakeholders exercise 
their agency requires recognition of the 
values, interests, and concerns that drive 
them (Wojtynia et al., 2021), shaping their 
worldviews about food systems’ challenges 
and transformations (Béné et al., 2019;  
van Bers et al., 2019; Garcia-Gonzalez and 
Eakin, 2019; Zurek et al., 2021). Efforts to 
address the complexities derived from the 
diversity of perspectives often involve 
creating platforms that bring together and 
empower stakeholders with diverse 
interests, concerns, expectations, and  

Table 3 (continued ) 

STCS Principles Current discussions and research on 
transforming food systems towards 
sustainability 

knowledge to engage in dialogue and 
exchange worldviews until reaching 
agreements that facilitate a shared 
directionality (Béné, 2022; Caron et al., 
2018; HLPE, 2020; Huttunen et al., 2022;  
Leeuwis et al., 2021). By fostering a 
common language among stakeholders 
based on an enhanced awareness of values 
and motivations driving their perspectives, 
such platforms facilitate the emergence of 
realistic and innovative ideas for 
transforming food systems ((Huttunen 
et al., 2022; Leeuwis et al., 2021). 

10. Place boundaries to manage 
complexity. 

Recognizing and addressing power 
imbalances within governance structures is 
crucial for strengthening the agency of 
stakeholders in food systems (HLPE, 2020;  
Huttunen et al., 2022). In that regard, da 
Costa and McMichael (2007) argue that 
the market-and-corporate-led regime 
reinforces the power and authority of 
dominant players, such as transnational 
companies, preventing interventions to 
redirect unsustainable trends in food 
systems from prospering. This creates a 
lock-in effect that benefits those aligned 
with it while excluding the knowledge, 
interests, and concerns of those on the 
sidelines of dialogues and negotiations to 
diagnose problems and propose solutions ( 
Gaitán-Cremaschi et al., 2019; IPES-Food, 
2017; Lam et al., 2020; Leeuwis et al., 
2021). Moreover, interventions designed 
within this power-constrained framework 
often led to undesirable trade-offs, further 
hindering transformation efforts (Ruben 
et al., 2021). Recognizing food systems 
transformation as a political process, as  
O’Brien (2012) advocates, entails 
questioning the governance structures that 
perpetuate the status quo and the values 
and motivations underlying decisions 
regarding transformations (Béné, 2022;  
Huttunen et al., 2022). Questioning 
governance structures implies questioning 
the boundaries of the current food systems 
regime (Leeuwis et al., 2021; Vignola 
et al., 2021).  
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Table 4 
STCS principles-based rubric for FS frameworks assessment.  

Levels of alignment and definitions 

STCS Principles The principle is absent The principle is acknowledged The principle is addressed at a 
theoretical level 

The principle is addressed both at 
theoretical and methodological 
levels 

1. Acknowledge the 
multidimensionality and 
hierarchical structure of 
complex systems 

It does not mention that food 
systems are comprised of several 
elements from different dimensions 
and organized hierarchically at 
different levels/There is not 
enough information to understand 
the level to which the 
multidimensionality and 
hierarchical structure of food 
systems are acknowledged. 

It acknowledges that food 
systems are comprised of 
interrelated elements that 
operate hierarchically at various 
levels, with elements in the lower 
levels nested in the higher ones. 

It acknowledges and addresses 
the multidimensional and 
hierarchical structure of the food 
system through a clear 
description of its components 
and the way they are interrelated 
- internally and with the broader 
socio-political, economic, and 
environmental context - to 
achieve the expected outcomes. 

It provides theoretical and 
methodological insights for 
mapping and describing the 
structure of food systems and 
exploring the diversity of 
elements and interrelations across 
levels to gain a systemic 
understanding 

2. Recognize and address 
interrelations and 
interdependencies 

It does not mention the 
interrelations and 
interdependencies between food 
systems elements/There is not 
enough information to understand 
the extent to which the 
relationships of causality and 
dependence shaping food systems 
are acknowledged. 

It acknowledges the 
interrelations and 
interdependencies between food 
system elements and their non- 
linear nature. 

It describes the main 
interrelations in the food system, 
evidencing characteristics such 
as feedback loops, delays, and 
multiple causality. 

It provides theoretical and 
methodological insights to 
explore and understand 
interrelations, interdependencies, 
feedback loops and delays, and 
their role in the non-linear 
behavior of food systems. 

3. Explore emergent 
properties and behavior 

It does not mention the emergent 
properties and behavior arising 
from systems’ elements relating to 
each other in non-linear ways/ 
There is not enough information to 
understand the extent to which the 
need for exploring the web of 
interrelated elements to make 
sense of food systems’ behavior 
and emergent properties is 
acknowledged. 

It acknowledges the need to 
explore the web of interrelated 
elements to make sense of the 
system’s emergent properties and 
behavior. 

It describes how properties and 
dynamics at the food system’s 
level emerge from interrelations 
among lower-level elements. 

It provides both theoretical and 
methodological insights to 
explore emergent properties and 
behavior arising from between 
food systems’ constituent 
elements. 

4. Define the phase space of 
complex systems to explore 
their movements through 
time and identify patterns 
of change 

It does not mention the importance 
of defining the space where food 
systems can theoretically exist to 
track their movements over time 
and identify patterns of change./ 
There is not enough information to 
understand the extent to which the 
need to define the phase space to 
make sense of food systems’ 
temporal evolution is 
acknowledged. 

It acknowledges the importance 
of defining the space where food 
systems can theoretically exist – 
by identifying value ranges for 
variables that explain the 
possible states of food systems in 
their multiple dimensions – to 
identify patterns of change and 
gain insights into the underlying 
mechanism driving food systems’ 
behavior. 

It acknowledges and delves into 
the importance of defining the 
phase space of food systems to 
explore their evolution over time 
and identify patterns of change 
to shed light on the underlying 
mechanisms driving systems’ 
behavior. 

It provides theoretical and 
methodological insights to map 
food systems’ movements within 
the phase space and identify 
patterns of change to shed light on 
the underlying mechanisms 
driving system behavior. 

5. Explore how and why 
complex systems change 
phases and/or states, 
leading to transformations. 

It does not mention the internal 
and external conditions behind 
structural changes in food systems 
when talking about their dynamic 
behavior/There is not enough 
information to understand the 
extent to which the internal and 
external conditions shaping food 
systems’ changes are 
acknowledged. 

It acknowledges that changes are 
triggered in food systems in 
response to internal and external 
influences (i.e., attractors, order, 
and control parameters) that 
need to be understood and 
explored in their role of driving 
shifts in system states through 
time. Furthermore, it 
acknowledges the need to design 
evaluations that are flexible 
enough to adapt to changes 
within the food system and in its 
broader context. 

It explores food systems’ state 
shifts, delving into the internal 
and external conditions (i.e., 
attractors, order, and control 
parameters) that allow the 
system to absorb perturbations 
or to adapt to them undergoing 
structural changes. 

It provides theoretical and 
methodological insights to better 
understand food systems’ 
dynamics behind structural 
changes to identify leverage 
points to catalyze changes toward 
the necessary transformation. 

6. Acknowledge the path 
dependence and context 
sensitivity of complex 
systems 

It does not mention that contextual 
factors and historical trajectories 
influence the behavior of food 
systems/There is not enough 
information to understand the 
extent to which the diversity of 
food systems and the consequent 
need to adapt interventions to 
contextual and/or historical 
diversity are acknowledged. 

It acknowledges the effects of 
historical trajectories and 
decisions and contextual factors’ 
influence on food systems’ 
behavior. Consequently, it also 
recognizes the need for tailoring 
interventions to contextual and/ 
or historical diversity in food 
systems, 

It describes how food systems’ 
dynamic is sensitive to the 
context and historical 
trajectories and decisions. 

It provides theoretical and 
methodological insights to 
consider the contextual 
conditions and historical 
trajectories of food systems when 
exploring the system’s dynamics 
and tailoring interventions to 
address specific challenges and 
leverage opportunities for change 
in different situations. 

7. Recognize the role of 
adaptive agents in the 
dynamics and behavior 
patterns of complex systems 

It does not mention the crucial role 
that agents play in shaping food 
systems’ dynamics and behavior 
patterns//There is not enough 
information to understand the 
extent to which the role of agents in 

It acknowledges that adaptive 
agents - individuals or 
institutions - play a crucial role in 
the food systems’ dynamics and 
behavior patterns. 

It evidences the relationships 
between food systems’ agents, 
their behavior, and the structure 
and dynamics of the system. In 
this sense, it recognizes that 
adaptive agents co-evolve with 

It provides theoretical and 
methodological insights to 
explore and understand the 
learning and adaptation processes 
of adaptive agents and the self- 
organizing capacity of food 

(continued on next page) 
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3.1. Exploring the big picture 

Almost all the 20 FS frameworks assessed pay attention to the mul
tiple and interrelated dimensions that affect and are affected by the way 
food is produced, processed, marketed, and consumed. Moreover, they 
recognize that the way these dimensions relate to each other and with 
the elements within the value chain is non-linear and could reinforce or 
balance the effect caused by particular interventions in the system, 
giving rise to emergent and hard-to-predict properties and behavior. 
Regarding emergent properties, some authors mention the food systems’ 
capacity to adapt and evolve with changes, which they relate to concepts 
of resilience and vulnerability (Allen and Prosperi, 2016; Con
nolly-Boutin and Smit, 2016; Jackson et al., 2020; Vallejo-Rojas et al., 
2016). 

The conceptual basis for exploring food systems is provided by 
frameworks that organize and present the elements considered relevant 
to understanding the complex structure of food systems. Here we 
highlight the use of the multiple capitals framework, usually linked to 
the broader perspectives of sustainability, human livelihoods, and well- 
being (Connolly-Boutin and Smit, 2016; Hubeau et al., 2017; TEEB, 
2018); the use of the Driver-Pressure-State-Impact-Response framework 
(Hubeau et al., 2017) and the Structure-Conduct-Performance paradigm 
(Nguyen, 2018) to illustrate the cause-effect relationship between 
human activities and the broader and multidimensional environment 
that trigger societal responses; and the characterization of drivers and 
outcomes linked with the concepts of vulnerability and adaptation 

(Allen and Prosperi, 2016; Connolly-Boutin and Smit, 2016). 
In addition, around 40% of the assessed FS frameworks propose 

methods and tools focused on understanding interrelationships, feed
back loops, and delays to shed light on emergent properties and 
behavior. Agent-based Modelling (IOM and NRC, 2015), Causal Loop 
Diagrams (Eigenraam et al., 2020; TEEB The Economics of Ecosystems 
and Biodiversity, 2018), Systems Dynamics (Eigenraam et al., 2020; 
Halbe and Adamowski, 2019; TEEB The Economics of Ecosystems and 
Biodiversity, 2018), Fuzzy Cognitive Mapping (Halbe and Adamowski, 
2019), and a set of output and transition equations (Allen and Prosperi, 
2016) are proposed in some of the assessed FS frameworks. 

3.2. Understanding the dynamics of the system 

The assessed FS frameworks, however, do not pay much attention to 
understanding system dynamics. Even though more than half the 
frameworks describe the variables delineating the mathematical space 
within which the food systems display their behavior, only 35% provide 
theoretical insights to map and make sense of the movements across that 
space that determine the system’s patterns of change. When it comes to 
providing methodological guidance, about one-third of the assessed FS 
frameworks propose methods to monitor the behavior of the systems 
over time, and only 20% delve into the conditions that allow the food 
system to operate in stability absorbing changes or, on the contrary, to 
adapt to perturbations by changing state (Allen and Prosperi, 2016; IOM 
and NRC, 2015; TEEB, 2018; Vallejo-Rojas et al., 2016). Furthermore, 

Table 4 (continued ) 

Levels of alignment and definitions 

STCS Principles The principle is absent The principle is acknowledged The principle is addressed at a 
theoretical level 

The principle is addressed both at 
theoretical and methodological 
levels 

food systems’ dynamics and 
behavior patterns is acknowledged. 

the food systems through 
learning and adaptation 
processes. 

systems, which arise from 
interactions among adaptive 
agents and other system 
components. 

8. Engage with the diverse 
perspectives that are part of 
the same big reality 

It does not mention that the same 
situation could be understood and 
conceptualized differently, 
depending on the perspective 
taken/There is not enough 
information to understand the 
extent to which diverse 
perspectives of a situation are 
acknowledged/engaged when 
exploring food systems. 

It acknowledges the need to 
engage with diverse perspectives 
when exploring food systems 
since the same situation could be 
understood and conceptualized 
differently, depending on the 
perspective taken. 

In addition to acknowledging the 
need to engage with diverse 
perspectives, it highlights the 
need to explore what lies behind 
each of them (interests, 
concerns, expectations, etc.) to 
foster meaningful participation 
of stakeholders to make sense of 
the situation and identify 
feasible and desirable pathways 
to improve it. 

It offers theoretical and 
methodological insights to 
identify and explore perspectives 
concerning the food system and 
how it ought to be, along with 
respective feasible and desirable 
pathways to transform it and how 
the diverse perspectives 
privileged condition the systemic 
analysis. 

9. Promote dialogue and 
mutual appreciation among 
perspectives to decide how 
to frame and address 
problematic situations 

It does not mention the importance 
of promoting dialogue and mutual 
appreciation between perspectives 
to decide how to frame and address 
problematic situations in food 
systems/There is not enough 
information to understand the 
extent to which dialogue and 
mutual appreciation between 
perspectives are promoted to 
decide how to frame and address 
problematic situations in food 
systems. 

It acknowledges the importance 
of promoting dialogue and 
sharing between stakeholders 
with different perspectives to 
enhance collective awareness of 
the underlying values and 
assumptions, thus encouraging 
open communication and trust to 
decide how to frame and address 
problematic situations in food 
systems. 

It recognizes and explores the 
influence of power relations and 
governance structures in 
stakeholders’ interactions to 
understand and address their 
influence on how stakeholders 
negotiate the framing of the 
problematic situation, decide the 
desired future, and identify 
potential pathways to reach it. 

It offers theoretical and 
methodological insights to 
promote dialogue and exchanges 
among perspectives while dealing 
with power issues that emerge 
from and shape collective 
decision-making about framing 
and addressing problematic 
situations in food systems. 

10. Place boundaries to 
manage complexity 

It does not mention boundaries as 
essential to manage complexity 
when assessing problematic 
situations in food systems/There is 
not enough information to 
understand the extent to which 
placing boundaries is 
acknowledged as an essential 
activity to justify the decision of 
what to include and exclude when 
assessing problematic situations in 
food systems. 

It acknowledges that boundaries 
are essential to justify the 
decision of what to include and 
exclude when assessing 
problematic situations in food 
systems. 

It acknowledges that decisions 
about boundaries involve 
privileging some perspectives at 
the cost of marginalizing others, 
which ultimately requires sense- 
making and deliberation among 
the values underpinning these 
perspectives. 

It offers theoretical and 
methodological insights to 
discuss, reflect on, and question 
boundary decisions and their 
ethical and practical 
consequences.  
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very few FS frameworks acknowledge that the present and past states of 
the system determine which pathways are enabled – and which are not – 
for future development (Allen and Prosperi, 2016; TEEB, 2018). 

To explain the behavior of food systems, Allen and Prosperi (2016) 
explore the trajectory traced by the system across the phase space over 
time. For this, they propose a set of equations, known as transition 
functions, to explore the behavior of state and control variables to map 
the system’s states, with the variables in this last group acting to trigger 
a change or transformation in the system. Furthermore, by using tran
sition functions, they also acknowledge that a system’s trajectory is 
shaped by its states over time. 

Although not always explicit, the concepts of vulnerability and 
resilience are used in FS frameworks to describe the role of control 
variables in driving food systems towards stability or transformation 
(Allen and Prosperi, 2016; Connolly-Boutin and Smit, 2016; Jackson 
et al., 2020; TEEB, 2018; Vallejo-Rojas et al., 2016; van Berkum et al., 
2018). In that sense, IOM Institute of MedicineNRC National Research 
Council (2015) point out that simulation models allow measuring the 
probability that a given effect exceeds the threshold from which the 
system’s resilience is affected, thus triggering transformations. Besides 
the transition functions proposed by Allen and Prosperi (2016), 
modeling methods like Agent-based Modelling (IOM and NRC, 2015), 
Causal Loop Diagrams (Eigenraam et al., 2020; TEEB, 2018), Systems 
Dynamics (Eigenraam et al., 2020; Halbe and Adamowski, 2019; TEEB, 
2018) and Fuzzy Cognitive Mapping (Halbe and Adamowski, 2019) are 
proposed to delve into the conditions determining food systems stability 
or transformation, as part of exploring the non-linear behavior of food 
systems. 

3.3. Acknowledging the role of agents in framing systems 

Although more than half of the assessed FS frameworks recognize 
that agency has a role to play in food systems dynamics, only 30% 
describe how, thanks to their capacities to learn, adapt, and respond to 
changes, agents can influence food systems dynamics and co-evolve with 
them. IOM and NRC (2015) propose using Agent-based Modelling to 
represent these processes. 

Most of the assessed FS frameworks recognize that agents involved in 

food systems have their perspectives on the situation to be addressed, 
which translates into different ways of understanding the same situa
tion. Thus, the frameworks proposed by IPES-Food (2015), Béné et al. 
(2019), Bortoletti and Lomax (2019), and UNEP (2016) acknowledge 
that the interests and concerns of involved agents determine which 
dimension – social, economic, or environmental – is prioritized. On the 
other hand, IOM and NRC (2015) go a step further, highlighting the 
biases behind the perspectives involved and the need to make them 
transparent. 

The acknowledgment of multiple perspectives results in 80% of the 
assessed FS frameworks promoting spaces for dialogue and exchange 
among them. In this sense, Soft Systems Methodology (Hubeau et al., 
2017), Vision Design and Assessment (VDA) framework (Halbe and 
Adamowski, 2019), Causal Loop Diagrams (TEEB, 2018; Posthumus 
et al., 2018; Halbe and Adamowski, 2019), and Bayesian Belief Net
works (Posthumus et al., 2018) are proposed to enable sharing, 
co-creation, learning, and negotiation processes to build a shared un
derstanding of the situation and desired transformation. Moreover, and 
to call attention to an under-addressed aspect in FS frameworks, Bor
toletti and Lomax (2019) and Posthumus et al. (2018) highlight the need 
to create spaces to reflect on and understand the values, goals, beliefs, 
and assumptions behind perspectives to inform mutual understanding 
between them. 

Another critical aspect is the role of power relations when fostering 
discussion spaces for informed decision-making, described in close to 
half of the assessed FS frameworks. In this sense, both Nguyen (2018) 
and UNEP (2016) refer to the need to explore the power relations among 
stakeholders that underlie governance mechanisms, which finally fed 
back to the decision-making processes (HLPE, 2017). The assessed FS 
frameworks propose some methodological insights to control or mini
mize the hierarchical effect of the most powerful, as well as to ensure the 
participation of groups that are usually marginalized or have less 
decision-making power. Thus, IOM and NRC (2015) recommend taking 
distance from the influence of powerful agents to create spaces for 
informed decisions, while IPES-Food (2015) bets on engaging them in a 
way their dominant positions can be constructively challenged. In line 
with this last idea, Zurek et al. (2018) highlight the importance of 
transparency in constructing indicators to avoid them becoming a tool 

Table 5 
Percentage out of the 20 assessed FS frameworks on the four levels of alignment for each of the ten overarching principles as defined in the STCS rubric proposed in this 
paper.  

STCS principles Levels of alignment with STCS principles 

The principle is 
absent. 

The principle is 
acknowledged. 

The principle is addressed 
at a theoretical level 

The principle is addressed both at 
theoretical and methodological levels 

(I) Exploring the big picture 3% 22% 35% 40% 
1. Acknowledge the multidimensionality and hierarchical 

structure of complex systems. 
0% 5% 45% 50% 

2. Engage with interrelations and interdependencies 5% 30% 35% 30% 
3. Address emergent properties and unpredictable behavior 5% 30% 25% 40% 
(II) Understanding the dynamics of the system 42% 21% 14% 23% 
4. Map the system’s movements through the phase space to 

identify underlying patterns of change 
30% 60% 30% 30% 

5. Understand how a system changes between phases or 
states 

55% 10% 15% 20% 

6. Acknowledge the path dependence and context sensitivity 
of complex systems 

40% 25% 15% 20% 

(III) Acknowledging the role of agents in framing 
systems 

38% 26% 17% 19% 

7. Understand adaptive agents and the self-organization 
capacity that arises from the interactions among them. 

40% 30% 20% 10% 

8. Acknowledge diverse perspectives as part of the same big 
reality. 

20% 45% 10% 25% 

9. Promote dialogue and mutual appreciation among 
perspectives to decide how to frame the situation- 

25% 20% 30% 25% 

10. Place boundaries to manage complexity. 65% 10% 10% 15% 

Note: Shades of grey are provided to highlight results according to four categories: Less than 25% of the assessed FS frameworks; between 25% and 50%; between 50% 
and 75%; and above 75%. 
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for the already powerful. Furthermore, the creation of smaller group 
discussions (Jackson et al., 2020b), targeted focus groups (Hubeau et al., 
2017), and multi-stakeholder platforms (Bortoletti and Lomax, 2019; 
TEEB, 2018) are proposed to ensure the participation of less powerful 
and marginalized groups on equal footing. 

Although 80% of the FS frameworks recognize that the same situa
tion can be understood differently, only 25% acknowledge that framing 
the situation and discussing pathways to improve it implies prioritizing 
some perspectives over others. Thus, Ericksen (2008) understands food 
systems as “problem-determined systems" that depend on the perspec
tive taken, while IPES-Food (2015) highlights the need for discussion 
spaces that encompass different perspectives to reflect on which values 
and preferences to prioritize when framing food systems and proposing 
transformation pathways. In methodological terms, boundary decisions 
in FS frameworks are made by reflecting collectively on the dimensions, 
elements, and agents that are considered important and significant for 
the analysis from an outcome or impact perspective (Allen and Prosperi, 
2016; IOM and NRC, 2015; TEEB, 2018). Interestingly, in the framework 
proposed by Allen and Prosperi (2016), boundary decisions are linked to 
the conditions of vulnerability and resilience, asking “vulnerability/r
esilience to what and for what" (p. 964). 

4. Discussions 

The STCS principles work as instruments to bring STCS into dialogue 
with FS frameworks and FS frameworks with each other, thus offering 
valuable insights to embrace the systemic and complex nature of food 
systems. Below, we discuss how the 20 assessed FS frameworks, by 
understanding and embracing food systems’ complex and systemic na
ture, provide valuable insights and guidance to inform current discus
sions, decisions, and efforts towards their transformation. In addition to 
highlighting and elevating exemplary practices among FS frameworks, 
we identify opportunities to strengthen them from a Systems Thinking 
and Complexity Science perspective. 

The comprehensive description of food systems structure made by 
most FS frameworks sheds light on the drivers, outcomes, and exter
nalities associated with food systems performance, thus providing 
valuable insights to manage trade-offs and synergies between food sys
tems goals that may hinder their transformation towards sustainability 
(Béné, 2022; Brouwer et al., 2020; Leeuwis et al., 2021; Mausch et al., 
2020). Moreover, by proposing methods and tools that explore the 
complex network of elements that give rise to food systems properties 
and results, FS frameworks help comprehend “why, despite the efforts, 
current food systems configurations contribute to challenges such as 
food insecurity, malnutrition, poverty, and environmental degradation, 
instead of moving towards the desired transformation (Leeuwis et al., 
2021, p. 762)". 

Despite proposing tools that help explore how interrelationships and 
feedback loops between elements of food systems shape their outcomes, 
most of the assessed FS frameworks do not delve into the behavioral 
patterns that explain what triggers structural changes in food systems. 
Vulnerability and resilience are adopted as framing concepts in the few 
frameworks exploring the conditions behind transformation - fostering 
or preventing it. Through that lens, FS frameworks illustrate how sys
tems’ internal sensitivity to stressors and their adaptive and trans
formation capacities determine whether socioeconomic and 
environmental drivers trigger changes - or not - in the systems (Allen and 
Prosperi, 2016; Connolly-Boutin and Smit, 2016; Jackson et al., 2020). 

Understanding how internal and external conditions converge to 
shape the dynamics of food systems is essential to identifying leverage 
points for transformation (Abson et al., 2017; Leeuwis et al., 2021; 
Mausch et al., 2020). In this sense, we propose leveraging the insights 
gained by Allen and Prosperi (2016) - by applying the lens of vulnera
bility and resilience to model food systems dynamics - to explore the 
potential of different STCS modeling tools (e.g., systems dynamics 
models (Sterman, 2000), CDE models (Eoyang, 1996)) to analyze food 

systems’ patterns of change and identify leverage points to move food 
systems to alternative paths toward sustainability. This represents an 
interesting opportunity to strengthen FS frameworks by incorporating 
STCS insights that shed light on systems dynamic behavior. 

FS frameworks recognize the importance of engaging with diverse 
stakeholders and perspectives to deal with food systems challenges from 
more informed positions. By proposing approaches, methods, and tools 
that facilitate mutual appreciation and cross-learning between stake
holders (e.g., Soft Systems Methodology, Bayesian Belief Networks, 
Vision Design and Assessment framework), FS frameworks help 
decision-makers to be more aware and better equipped to deal with 
conflicts and trade-offs that result from overlooking other worldviews 
and ignoring the limitations of our own (Béné, 2022; Hubeau et al., 
2019). Additionally, they guide stakeholders in developing a shared 
understanding of what is failing in food systems, generating insightful 
discussions on how to support transformation based on realistic as
sumptions (Huttunen et al., 2022; Leeuwis et al., 2021). 

According to Brouwer et al. (2020), engaging stakeholders in the 
transformation of food systems to contribute to sustainability outcomes 
is necessary to change the governance structures that limit their agency, 
allowing groups that have been traditionally marginalized to participate 
in debates and decision-making. Although the assessed FS frameworks 
offer some insights into dealing with power imbalances, they provide 
limited guidance to deal with the lock-in effects generated by powerful 
agents that, to continue benefiting from the food systems’ current 
regime, use their dominant positions to prevent transformations 
(Brouwer et al., 2020; IPES-Food, 2015). 

To effectively overcome the lock-in generated by power imbalances 
in food systems, we must challenge the status quo by questioning the 
boundaries imposed by the current regime and their underlying values 
(Béné, 2022; Huttunen et al., 2022; Leeuwis et al., 2021; Vignola et al., 
2021). One instrument that could support boundary reflection is the 
materiality assessment proposed by Eigenraam et al. (2020), which il
lustrates the consequences of privileging certain purposes or perspec
tives over others through a transparent and systematic process that 
explores impact pathways. As there is a clear opportunity to strengthen 
FS frameworks in this regard, we suggest fostering dialogue with STCS 
ideas and practices to map out power dynamics, foster meaningful 
participation of vulnerable groups in equitable spaces, and systemically 
explore and question the boundaries that determine food systems’ cur
rent situation and trends. A systems approach that could be of help is 
Critical System Heuristics (Ulrich and Reynolds, 2010), which ac
knowledges and explores four sources of influence to reflect on bound
aries: values and motivations, power structures, the knowledge basis, 
and the moral basis or legitimacy. 

The above confirms that fostering further dialogue between FS 
frameworks and STCS can help FS frameworks understand and mean
ingfully embrace the systemic and complex nature of food systems. 

5. Conclusions 

FS frameworks are intended to play a vital role in facilitating the 
necessary transformation of food systems to contribute to sustainable 
outcomes (Brouwer et al., 2020; HLPE, 2020; IPES-Food, 2021). How
ever, their effectiveness could be limited if they fail to recognize and 
embrace food systems’ systemic and complex nature (Leeuwis et al., 
2021; Mausch et al., 2020). This research sets the foundation for 
fostering dialogues, exchanges, and cross-learning among FS frame
works and with STCS ideas and practices to maximize their contribu
tions by substantially embracing the systemic and complex nature of 
food systems. 

To achieve this goal, we developed a rubric based on ten STCS 
principles that function as a diagnostic tool to identify and leverage 
exemplary practices proposed by FS frameworks that meaningfully 
embrace food systems’ systemic and complex nature. Our assessment 
revealed opportunities for improving the contributions of FS 
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frameworks in this regard through dialogue and exchanges among them 
and with STCS ideas and practices. 

The assessment results are also relevant to current academic dis
cussions around food systems. The findings illustrate the potential of FS 
frameworks to guide debates, decisions, and efforts to make food sys
tems more sustainable, provided that the frameworks acknowledge and 
meaningfully embrace the systemic and complex nature of food systems. 

Understanding and accounting for the inherent complexity of food 
systems is essential for addressing undesirable trade-offs between food 
system outcomes (Abson et al., 2017; Béné, 2022; Ruben et al., 2021), 
identifying leverage points for transformation (Abson et al., 2017; HLPE, 
2017; Leeuwis et al., 2021; Mausch et al., 2020), engaging and coping 
with divergent perspectives among stakeholders (Béné, 2022; Hubeau 
et al., 2019; Huttunen et al., 2022; Leeuwis et al., 2021), and addressing 
governance-related issues that constrain the agency of certain groups 
while enhancing power imbalances (Brouwer et al., 2020; Huttunen 
et al., 2022; Leeuwis et al., 2021; Ruben et al., 2021; Vignola et al., 
2021). 

Our research revealed that FS frameworks do not account for the 
same extent of features related to food systems’ systemic and complex 
nature. Far from being a disadvantage, these differences illustrate 
complementarities that can be leveraged through dialogue and joint 
work. 

Given that most FS frameworks delve into the structure of food 
systems but pay less attention to their dynamic behavior and the role of 
agents in their transformation, we emphasize practices that contribute to 
the last two dimensions. On the one hand, we propose leveraging 
practices that improve our understanding of food systems dynamics and 
patterns of change, such as the use of vulnerability and resilience con
cepts to identify the variables that shape current and future system states 
in light of stressful conditions (e.g., Allen and Prosperi, 2016; Con
nolly-Boutin and Smit, 2016; Jackson et al., 2020; Vallejo-Rojas et al., 
2016). On the other hand, we highlight practices that encourage 
engagement with diverse perspectives, creating awareness of the values 
underlying them while trying to control or minimize power imbalances 
that prevent challenging the status quo to foster food systems’ trans
formation (e.g., Soft Systems Methodology with targeted focus groups, 
Bayesian Belief Networks). As challenging the status quo implies ques
tioning the boundaries upon which the current food regime is built, we 
propose leveraging the systematic guidance offered by authors such as 
Eigenraam et al. (2020) and IOM and NRC (2015) to explore how 
prioritizing certain impacts over others shapes decisions on what to 
transform and how. 

This research also reveals key opportunities to strengthen FS 
frameworks that could be leveraged by fostering further dialogue with 
STCS. Specifically, we propose exploring STCS approaches, methods, 
and tools that shed light on systems’ dynamics, address power imbal
ances, and strengthen the agency of marginalized and vulnerable 
groups, drawing on their capacities of self-organization and adaptation. 

In conclusion, this research highlights opportunities for strength
ening the guidance offered by FS frameworks to embrace food systems’ 
complex and systemic nature, fostering dialogue among diverse agents 
involved in food systems research, and cross-learning between re
searchers and practitioners from food systems and STCS. We hope to 
inspire agents engaged in designing and implementing the growing and 
evolving body of FS frameworks to consider how STCS insights can 
improve their practices and advocate for including new topics when 
debating, discussing, and informing decisions about transforming food 
systems to contribute to sustainable outcomes. 
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