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Abstract 

Background:  Given the polysemy of the concept resilience, is it possible to have a unified conceptualisation of food 
system resilience? This paper provides a multidisciplinary evaluation of the literature to identify common themes that 
prevail in food system resilience debates and the challenges to reach a unified conceptualisation. The aim is to pro-
vide insights into some of the main issues and tensions that we identified during our research which will then allow 
academics and policymakers to identify the most significant themes and topics for discussion in the debate. While we 
only focus on one application of resilience, namely, food system resilience during extreme events, we believe that our 
approach and findings could be integrated and applied to other areas of resilience, as well.

Results:  Our ontological exploration shows that ‘resilience’ is a rich concept that has an important bearing on many 
themes and topics in the domain of food systems. This makes it highly relevant to develop and apply the concept of 
‘food system resilience’. The application of the concept in research and practice, however, faces many challenges that 
are rooted in ontological and epistemological differences among different disciplines and practices. While posing 
serious challenges in interdisciplinary collaboration and communication, these challenges also foster new research 
opportunities as knowledge gaps are discovered. We propose that there is a need to critically investigate the social, 
environmental, and economic trade-offs implied in policy strategies towards resilience at various levels of food sys-
tems and among different actors or groups of actors.

Conclusion:  Interdisciplinary communication between different fields can be difficult and divisive. The ambition 
to unify the theory may be counterproductive in addressing practical problems that often require multidisciplinary 
collaboration. The challenge is to identify context-specific challenges and policy options using the ‘resilience lens’ and 
translating the concept into measurable indicators. Our research identifies some of these challenges and aims to pro-
vide a way to improve dialogue between different actors, through discussions about tensions and issues within their 
research. The ontological differences and debates are unlikely to be resolved anytime soon, nor should it be a prior-
ity to resolve these differences. A pragmatic case-specific approach can be adopted to address the problem while 
considering ontological differences. Our research will provide food system resilience researchers with some guidance 
about challenges in their research, as well as those working on developing ontologies.
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Background
Within the resilience debate, there is often confusion and 
contestation about what exactly is resilience, how can 
we measure it, and how can varying disciplines discuss 

this concept and ideal in a balanced and coherent way 
(see e.g.,[12]. There are a lot of different terminologies, 
disciplinary baggage, and variant disciplines working on 
resilience that often talk across one another. Ecologists, 
social scientists, economists, and policymakers, all bring 
their views, interpretations, and values to the debate, and 
their backgrounds and understandings cause rifts in the 
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discussion, thus often stifling progress. This is exacer-
bated in some discussions around specific types of resil-
ience, such as food system resilience, which is often seen 
as an area where multiple different types of resilience 
align (for example, political resilience, social resilience, 
and agricultural resilience). This further problematises 
an already very challenging area of research and policy 
implementation.

Given the polysemy of the concept resilience, is it pos-
sible to have a unified conceptualisation of food system 
resilience? This paper provides a multidisciplinary evalu-
ation of the literature to identify common themes that 
prevail in food system resilience debates and the chal-
lenges to reach a unified conceptualisation. The aim is 
to provide insights into some of the main issues and ten-
sions that we identified during our research which will 
then allow academics and policymakers to identify the 
most significant themes and topics for discussion in the 
debate. While we only focus on one application of resil-
ience, namely, food system resilience during extreme 
events, we believe that our approach and findings could 
be integrated and applied to other areas of resilience, as 
well.

The remainder of this paper is divided into five sec-
tions. "Objective and methodology" section  outlines 
the objective and our methodology. The challenges in 
conceptualising food system resilience elaborates on 
the problem statement and presents findings from the 
literature regarding the issues, themes, topics, and con-
cepts related to food system resilience and ontology 
development.1 "Results and discussion" details our find-
ings, clearly illustrating our conceptual mapping of food 
system resilience, mind-maps of the most discussed 
concepts within the field, and our findings from ontol-
ogy development. "Results and discussion" section also 
provides insights about several challenges that we faced 
in the project (the trilemmas) in developing an ontology 
and addressing practical problems. "Conclusion" section 
concludes the paper with recommendations for future 
work.

Objective and methodology
Objective
Despite the controversies surrounding the concept of 
food system resilience, there is a growing demand for 
research to analyse and quantify the resilience of food 
systems in different contexts for policy objectives such as 

food security. Our paper is motivated by the observation 
that food system resilience is problematic in interdiscipli-
nary communication and collaboration.

Our research has been led by the research question: is 
it possible to have a standardised description of the resil-
ience of a system, such as a food system, with a measura-
ble set of indicators? In our study, we seek to address this 
question through the development of an ontology of food 
system resilience, to contribute to the interdisciplinary 
debate. Specifically, we chose to analyse this question 
through the lens of food system resilience in a specific 
context, namely, during extreme events. Our reason for 
doing so is to add a distinct context and applicability for 
the concept of food system resilience, but also, we believe 
that food system resilience during extreme events is one 
of the most important, but also, challenging, times for 
ensuring food security.

The initial objective of our ontological exploration was 
to provide a mapping of interrelations and interactions 
among various concepts and classifications within the 
debate around food system resilience. By doing so, our 
project aimed to provide clear insights and the develop-
ment of an ontological classification of the most used 
concepts within the literature on food system resilience. 
The preliminary goal of our ontology was to provide a 
guideline for interdisciplinary discussion within the field, 
finding a common ground through the most prevalent 
terms and distinctions made within the overall field. We 
hoped that it would provide a bridge between disciplines 
through a template of topics and issues that should be 
discussed within the debate among relevant actors.2

However, during the early stages of our project, we 
noticed many interesting challenges with such a goal and 
this paper describes some of these concerns. This paper 
will present the most important findings in our research 
to date, during our ontological development of food sys-
tem resilience. The goal of the paper is not to provide this 
distinctive ontology, nor to present a systematic review 
and meta-analysis of existing literature, but rather to 
discuss the impossibility of developing a unified ontol-
ogy. In doing so, we aim to contribute to a field fraught 
with different understandings of food system resilience. 
We are aware of the disciplinary divergences within the 
debate, and we believe it to be more fruitful to identify 
where these different definitions of food system resilience 
converge and diverge. Our research will move the discus-
sion forward, by providing a common understanding of 

1  Ontology is a term rooted in philosophy where its meaning is the ‘theory of 
existence’. In the fields of artificial intelligence and knowledge management, 
ontology is an explicit specification of conceptualisation, i.e., formal specifica-
tions of the terms in the research domain and the relationships among them 
Gruber [24].

2  While we appreciate that some of the classifications that we establish bring 
their own theoretical and terminological baggage, it is a first step towards 
understanding the array, and most important, items being discussed among 
the varying disciplines in resilience analysis.
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concepts and terminology used within the evaluation and 
implementation of food system resilience discourse.

Methodology
Our methodology consists of literature analysis and 
ontology development. The literature analysis serves 
both as input for and reflection on the ontology devel-
opment. In general, we followed the PRIMA-protocol in 
selecting and documenting the literature as specified in 
Moher et  al. [31]. It should, however, be noted that the 
main objective of our research was not systematic review 
and meta-analysis per se, but rather the development of 
an ontology in which literature analysis was an impor-
tant component. Our presentation of the findings (in 
sections "The challenges in conceptualising food system 
resilience"  and "Results and discussion") is therefore tai-
lored to this purpose. For more standard presentation of 
results from systematic review, examples can be found in 
the work of Santeramo and Lamonaca [38].

To develop the ontology of food system resilience and 
extreme events, we research various guides on ontology 
development and used these to gather fresh insights into 
our ontological development (e.g., [14, 33]. We also stud-
ied academic and semi-academic literature on resilience 
in food systems and used insights from semantic tech-
nologies (e.g., context analysis) to derive the main topics, 
themes, and concepts in this domain.

The overall steps that we took in this paper were: (1) 
conducted a literature search using Boolean combina-
tions, resulting in a long list of peer-reviewed articles; (2) 
screening for relevance; (3) content analysis and vocabu-
lary development; and (4) ontology development. In the 
following paragraphs, there steps are described in more 
detail.

Literature search
To identify and select relevant literature, we searched 
the bibliographic database Scopus and the online search 
engine Google Scholar (search option: in the title of the 
article) with the following Boolean combinations: (1) 
Resilience AND ‘food system’; (2) ‘Food systems’ AND 
‘extreme event’; (3) Ontology AND Resilience. The 
search was limited to studies in English that were pub-
lish between 2010 and 2020. We did not include the com-
bination of ‘resilience’ and ‘extreme events’ because we 
wanted to focus on resilience in the food system and this 
search combination included such a wide array of other 
extreme events that had nothing to do with food system 
resilience.

The inclusion criteria for the selection of articles were:

1)	 Studies published between 2010 and 2020;
2)	 Studies published in the English language.3

Screening for relevance
The literature search has resulted in 321 peer-reviewed 
articles in Scopus and 52 articles from Google Scholar, of 
which 31 were duplicates from those found in Scopus.4 
For effective content analysis and vocabulary develop-
ment, the range of the literature was narrowed down to 
30 peer-reviewed articles for further content analysis 
after being screened for relevance.

The criteria for the selection were: (1) full text (PDF) 
available; (2) with the main focus on the resilience of food 
systems.

Content analysis and vocabulary development
In further processing and analysing the literature, we 
combined two interrelated approaches:

1)	 Content analysis using text-mining software Lexi-
mancer5 and programme developed by the project 
team6;

2)	 Vocabulary development using outputs from the 
text-mining programmes and expert knowledge by 
the project team.

The software Leximancer is a text analytics tool that 
can be used to analyse the content of collections of tex-
tual documents and to display the extracted informa-
tion visually. The software displays the information as a 
conceptual map that gives a bird’s eye view of the main 
concepts contained within the text as well as informa-
tion about how they are related. This is useful to explore 
the main themes and concepts related to resilience, food 
systems and extreme events. The interactive nature of the 
map permits the user to explore examples of concepts 
and their connections to each other, as well as links to 
the original text. This feature is particularly useful when a 
large amount of texts needs to be analysed.

For vocabulary development, the research team ana-
lysed the corpus of documents (scientific articles and 
reports) on the target domain (resilience of food systems 

3  The reason for this was because we wanted to focus on the concept of ‘resil-
ience’, which often did not have exact matches or accurate translations. Fur-
thermore, we wanted to keep consistency among the literature analysed.
4  The RIS files of these references are available upon request.
5  Leximancer 5.0 https://​info.​lexim​ancer.​com/​produ​cts-​acade​mic.
6  The program and material are available for test purposes upon request.

https://info.leximancer.com/products-academic
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during extreme events). The team implemented the fol-
lowing steps in the vocabulary development stage:

1)	 Applying normalised word frequency analysis to cre-
ate a list of relevant words and phrases.

2)	 Using expert elicitation to sift through the most fre-
quent words and phrases, select the relevant concepts 
from these words and phrases and add information 
to these concepts such as synonyms and definitions.

For these steps, we used a text-mining program, which 
was developed in-house. The reason for using this pro-
gramme, over a third-party software, is because we have 
experience using it, direct access to all its functionality, 
and channels for quickly resolving issues if they arise, in-
house. This has resulted in a preliminary shared vocab-
ulary about extreme events and resilience. A shared 
vocabulary is a list of words and phrases that are relevant 
to a domain together with their definitions. The vocab-
ulary is shared in the sense that the definitions for the 
different concepts are agreed upon by several domain-
experts (i.e. it is shared by the community). The concepts 
in the vocabulary are not only single words but may also 
be abbreviations or noun phrases (n-grams)7 consisting 
of multiple words (e.g., ‘climate change’) (see Fig.  1 for 
one example of this).

If several words or noun phrases denote the same con-
cept (i.e. synonyms), or are used for the same concept, 
they will be included in the same grouping of that con-
cept. Words and phrases may also be ambiguous and 
relate to different concepts. Finally, concepts may also 
include translations to other languages. To facilitate the 
exchange of information, the vocabulary and ontology 
should be specified in the Resource Description Frame-
work (RDF). This format is commonly used to specify 
ontologies. This will be a file containing all the concepts 
and their relations.

The vocabulary could be later extended with more 
concepts and shared with other domain experts to 
include relations between the different concepts. First, 

hierarchical is-a (or type-of ) relations will be added 
specifying parent–child relations (e.g., ‘food system resil-
ience’ is a type of ‘resilience’). A vocabulary with is-a rela-
tions is called taxonomy.8 Then, other types of relations 
will be added (e.g., ‘climate change’ is caused by ‘carbon 
emissions’).

Ontology development
For ontology development, we made use of the software 
Protégé.9 Protégé provides a graphic user interface to 
define and edit ontologies. The software and its docu-
mentation offer cutting-edge ways to acquire, represent, 
and process information [32]. Protégé ontologies can be 
exported into a variety of formats including RDF, RDFS, 
OWL, and XML Schema.10 There are many other ontol-
ogy editors or ontology software available as well11 with 
similar functionalities, but we chose Protégé because it 
is open access; supported by a strong community of aca-
demics, government, and corporate users; and its plug-
in architecture, which makes it straightforward to build 
ontology applications, such as ours. We were able to use 
the architectural output of Protégé to create an intelligent 
system for food system resilience ontology.

The challenges in conceptualising food system 
resilience
In the last decade, many have emphasised the importance 
of improving the resilience of food systems to address 
societal challenges such as food security (see e.g., [5, 8, 
36, 41]). Although the attention for food system resilience 
seems to be a recent phenomenon, resilience has been a 
recurrent theme in research across various scientific dis-
ciplines and domains for many decades (see e.g., [10, 13, 
17, 21, 34]). However, the concept has been difficult to 
define and because of the large diversity of domains using 
it, interdisciplinary collaboration has been strained. In 

Fig. 1  Climate change vocabulary example

7  An n-gram is a term used in computational linguistics and probability 
to denote a contiguous sequence of ‘n items’ of a particular sample text or 
speech.

8  The difference between a taxonomy and an ontology is that a taxonomy 
typically only refers to the hierarchical relationship between concepts, while 
ontology identifies different concepts and their interactions and relationships.

9  Open-source software available at: https://​prote​ge.​stanf​ord.​edu/.
10  Explanation on these formats can be found at https://​www.​w3.​org/​2001/​
sw/​wiki/​Prote​ge.
11  See examples at: https://​www.​w3.​org/​wiki/​Ontol​ogy_​edito​rs.

https://protege.stanford.edu/
https://www.w3.org/2001/sw/wiki/Protege
https://www.w3.org/2001/sw/wiki/Protege
https://www.w3.org/wiki/Ontology_editors
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addition to resilience being problematic, the definition of 
‘food system’ has also become an elusive concept. There-
fore, discussions around ‘food system resilience’ has been 
even more conceptually, and practically, challenging for 
researchers, but also for policymakers trying to imple-
ment sustainable food security regulation. These issues 
have impeded food system resilience dialogue, which has 
been a challenge for collaboration and decision-making 
in food security. This section will examine a few of these 
issues to illustrate why it was relevant to develop a food 
system resilience ontology in the first place, before pro-
viding some of the results of our project.

‘Resilience’ definitions
Resilience is a concept that has been used in the fields of 
ecology, engineering, economics, psychology, philosophy, 
and sociology. The concept has a lot of disciplinary bag-
gage, with different practitioners often talking over one 
another as they use the concept and approach in differ-
ent ways. Even within disciplines, there is a lot of debate 
about what should, and should not, be classified as resil-
ience. The concept has often been described as ‘vague’ 
and ‘woolly’ [7]. As noted by Wakefield et al. (2020; Page. 
13), ‘To claim that the concept of resilience lacks clar-
ity is, by now, a well-worn refrain among critical and 
applied scholars alike’. Researchers from a variety of dis-
ciplines over the past two decades have detailed multiple 
contradictory and incompatible definitions of resilience 
that circulate within diverse policy and academic fields, 
resulting in debates about its political efficacy and prag-
matic utility [4, 19, 23, 28, 34].

Therefore, definitions of resilience, have so proliferated 
that it becomes necessary for researchers to review the 
definitions regularly [1–4, 6, 7, 11, 27, 29, 30, 43, 44, 46, 
47]. Generally acknowledging the appeal and elusiveness 
of the concept, many authors have intended to ‘unpack’, 
‘discuss’, ‘conceptualize’, ‘clarify’ or ‘redefine’ the concept 
using different perspectives (for example, ‘holistic’, ‘inte-
grative’, ‘practical’, ‘ecological’, and ‘social’) and for various 
purposes (for example, ‘understanding’, ‘measurement’, 
and ‘improving’) [15, 18]. This further adds to the diver-
sity of definitions and expands the topics relevant to the 
concept.

Olsson et  al. [34] showed that the definitions of resil-
ience often differ in the following aspects:

1)	 System ontology12;
2)	 System boundary13;
3)	 The existence of multiple equilibria, thresholds, and 

feedback mechanisms14;
4)	 Self-organisation15; and
5)	 Function and functionalism.16

These are some of the reasons that an acceptable 
answer to the question ‘what kind of thing is resilience’ is 
still wanting Anderson [2]. It is very difficult to come to a 
unified way of discussing resilience and if it is to be useful 
within discussions and policy debates around food secu-
rity, there needs to be a greater capacity for different dis-
ciplines and stakeholders to engage with one another on 
this topic. If there is no unity, or at least understandable 
and mutual exchange and dialogue on the topic of resil-
ience, then it is difficult to see what purpose it serves or 
how it can be legitimated within policy. The very usability 
of the ideal of resilience comes into question.

‘Systems’ definitions
Despite the disagreement within the field, there is often 
one point of convergence among definitions of resilience: 
it cannot be reduced to a property of one entity alone—it 
can only exist in a relation (the resilience of A to B) [12]. 
This agreement may be a good point at which to try to 
build a more coherent and unified discussion around 
system resilience. However, the understanding that resil-
ience is a state between two entities raises another fun-
damental issue, namely, what is the ‘system’ that one is 
referring to. Without a clear delineation of the ‘system’, it 
is impossible to identify what an ‘external factor’ is for the 
system and what its levels of resilience are to those exter-
nal factors.

As emphasised by Akkerhuis et  al. [35], the concept 
‘system’ represents an abstraction that is man-made and 
will be imprecise to some degree. For example, systems 
in nature are observed states, relationships, and dynam-
ics between living and non-living entities within their 
environment. What a system is, and what it consists 
of, often relies on the intuition and inferences of the 

12  System ontology refers to the different perspectives on the formation and 
way that we can analyse systems. For example, some ecologists view systems 
as predator–prey relationships, whereas others view systems as an exchange 
of processes, functions, and energies.
13  System boundary refers to the difficulty of establishing how to determine 
the parameters and bounds of a system. Because of the interrelated and 
mutual dependence of open systems, it is very difficult to clearly classify dis-
tinct boundaries and differentiating multiple interacting systems.

14  This refers to the somewhat unknowable nature of systems and what their 
state of equilibrium is, what happens when it is crossed, and transitions 
between different states.
15  Resilience theory is grounded in systems’ complexity and the ability of 
systems to be able to self-organise and function.
16  Function refers to the adaptation abilities, goal attainment, a system’s 
ability towards integration and latency. In ecology, it refers to the ecological 
processes that allow the structure and ecosystem services to maintain.
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human observer. It is the parameters of analysis, scope, 
and intention of the observer that determines what 
constitutes ‘the system’. Systems can be identified on a 
micro-scale (e.g., the system of an individual organ) to 
the macro scale (e.g., the universe as a whole). Systems 
can refer to ecological systems, as well as anthropogenic 
and human–social systems, such as the banking system, 
healthcare system, or political system. Therefore, trying 
to identify and distinguish systems is incredibly complex. 
This is exacerbated by systems consist of multiple sub-
systems, ranging from environmental, social, political, 
and agricultural (such as food systems).

Even when we are discussing singular systems, it is 
quite challenging. If we were to separate the multiple 
individual systems within a food system as a point of 
analysis, one would still need to make decisions about: (1) 
the volume of the system (i.e. boundaries, edge, extent); 
(2) what objects fall inside the volume of the system; and 
(3) what relationships between objects are part of the sys-
tem. These are challenges that often make it difficult to 
operationalise system resilience in practice. Furthermore, 
when multiple observers are involved, reaching an iden-
tical version of a system can be an increasingly difficult 
and lengthy task. These problems become even more 
apparent when the measurements of these systems are 
implemented in practice, thus causing impediments to 
policy implementation and action.

‘Food system resilience’ definitions
With the challenges of defining and categorising the 
boundaries of resilience and systems, one is left with an 
even greater challenge to identify the ‘food system’ and 
finding ways to measure its resilience. For example, [41] 
propose that ‘Food systems are social–ecological systems, 
formed of biophysical and social factors linked through 
feedback mechanisms. They comprise, at a minimum, 
the activities involved in food production, processing and 
packaging, distribution and retail, and consumption [20]’. 
Ericksen classifies food systems as ‘… to be comprehen-
sive and inclusive and to describe interactions and pro-
cesses as linked, but by no means perfectly controllable 
or predictable’ [20].

One definition of food system resilience is the ‘capacity 
over time of a food system and its units at multiple lev-
els, to provide sufficient, appropriate, and accessible food 
to all, in the face of various and even unforeseen distur-
bances’ Tendall et al. [41]. However, even a very general 
definition such as this raises some stark concerns, such 
as what exactly is ‘capacity’, and what food is ‘sufficient’ 
and ‘appropriate’. The authors themselves comment that 
‘much has still to be learned to validate food system resil-
ience from an analytical perspective’ [41].

Food systems comprise, and are dependent upon, 
ecological and agricultural systems for the origin of the 
food; but they also heavily rely on social, economic, and 
political systems for the distribution of food. Therefore, 
they are reliant on the resilience of many different inter-
related and interacting systems. This further adds to the 
complexity of trying to define and identify food system 
resilience in both theory and practice. There have been 
several attempts to provide clarity to this very challeng-
ing area of research, but the difficulties around conceptu-
ally loaded terminology like ‘resilience’, ‘system’, and ‘food 
system’ have proven to be inhibitors towards effective 
discussion and progression within the field.

Resilience ontology development
There has been a few attempts to develop ontologies for 
resilience, which are often focused on specific types of 
resilience, such as supply chain and networks domains 
[39, 45]. However, none have been conducted on food 
system resilience. One type of mapping of the resilience 
concept, generally understood, was done by Daniel [16]. 
Daniel [16] took a formal approach to develop a basic 
ontology of resilience that illustrates various aspects of 
ontology development, i.e. a glossary of terms, concepts, 
binary relationships, and formal axioms.

The resilience ontology as defined by Daniel [16] results 
in axiomatic formulations such as ‘Resilience is a quality 
of a system and is dependent on an external factor’ and 
‘A system has an ability which is dependent on a particu-
lar coping strategy’. Daniel’s [16] conceptual map of resil-
ience as shown in Fig. 2 is also instructive and helpful in 
identifying key topics that may also be related to food sys-
tem resilience.

Daniel’s [16] conceptual map of resilience provides a 
useful approach to the resilience concept and has been 
influential in our research on mapping food system 
resilience. However, it misses out on some of the impor-
tant interactions and relationships in the diversity and 
dynamics that are often illustrated in ontological map-
ping. It predominantly focuses on ecological resilience 
interactions and does not include many of the socio-eco-
nomic and political issues that related to other types of 
resilience, as such, those found in food system resilience 
(political resilience, economic resilience, and infrastruc-
tural resilience). Daniel’s mapping is also only on resil-
ience in a general sense, and many aspects within it may 
not necessarily be relevant for food system resilience, 
and likewise, there are many components of food system 
resilience which are too specific for Daniel’s type of resil-
ience mapping.
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Results and discussion
Findings for ontology development
As discussed earlier coming to a unified definition 
of resilience is challenging. One of the reasons is the 
incommensurability and miscommunication in resil-
ience definitions and measurements, which are rooted 
in ontological and epistemological differences between 
disciplines [34]. One of the methods that we suggest, 
and which has led to this line of research, was to under-
stand and develop an ontology for the resilience concept. 
This would allow a greater understanding of the con-
cepts being discussed within all the disciplines conduct-
ing food system resilience research, which would then 
bridge some of the gaps in communication and policy 
implementation.

A wide variety of topics are being discussed in the 
domain of food system resilience and these concepts 
were included within our shared vocabulary and used 
as inputs for defining the parameters of our ontology. 

The first stage of our vocabulary development applied 
the normalised word frequency analysis to create rel-
evant word lists that we then sifted through the most 
frequently used words and phrases, grouped them, and 
added additional synonyms and definitions. These were 
then grouped into categories, as illustrated in Table 1.

As already discussed, our focus is on the resilience of 
food systems. However, the array and diversity of topics 
and their intricate relationships make it challenging to 
find focus and priority for what would be most benefi-
cial concepts to concentrate on for food system resilience 
studies. In addressing this challenge, text-mining tools 
such as Leximancer can be of help in identifying the areas 
and topics with the highest coverage in the literature, but 
also, the associations and linkages to other food system 
resilience terminology. Leximancer employs proxim-
ity values for text-mining and machine learning to auto-
matically identify and map concepts and themes in texts 
[40]. In Leximancer, clusters of concepts are grouped into 

Fig. 2  A conceptual map of resilience (source: [16])

Table 1  Resilience features and concepts

Resilience features Example concept

Resilience of what Agricultural systems, food systems, ecosystem, social–ecological systems, 
information systems, networks, livestock, cities, supply chain, farmers, 
countries

Measuring resilience Risk, equilibrium, indicator, capacity, capability

Managing resilience Risk reduction, policy, transition, strategies

Resilience to what (disturbances) Environmental, economic, political, technological

Properties of resilience Transformability, panarchy, adaptability, recovery, restoration, robustness

Resilience for what purpose Wellbeing, sustainability, persistence

Lack of resilience Insecurity, vulnerability, collapse

Source of resilience Redundancy, flexibility, innovation, learning, diversity, biodiversity
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theme circles to summarise the main ideas in the cluster. 
The themes are named after the most prominent con-
cept in the group, which is also indicated by the largest 
dot in the theme cluster. The map visually represents the 
strength of association between concepts and provides 
a conceptual overview of the semantic structure of the 
data. Figure  3 shows the major themes and topics that 
resulted from our Leximancer analysis. The comprehen-
sive topic guide where these images were generated from 
can be seen in Appendix and more details available upon 
request from the authors.

At a first glance, the topics on food system resilience 
are clustered around resilience, agriculture, and sys-
tems. From this initial high-level analysis, different resil-
ience concepts stand out as gaining the most important 
within the debate. Key aspects on systems (mainly food 
systems) change, viewed from social, economic, and 
environmental perspectives which reflect sustainabil-
ity concerns. The three largest themes and concepts on 

food system resilience were agricultural, systems, and 
resilience, which was no large surprise, considering the 
terms in our search criteria and the topics that are being 
analysed. Each of the three refers to the conceptual map 
surrounding that concept: resilience (blue), systems (red), 
agriculture (green).

Similarly, the secondary themes and concepts were also 
ones that we expected to rank highly within the results 
of the Leximancer analysis. There were some interest-
ing terms identified that strongly relate to the concept 
of resilience itself, such as ‘different’ and ‘change’. The 
type of systems involved within food system resilience 
became clear in this analysis, with agricultural, social, 
and economic systems, all taking a strong role in food 
system resilience. There was nothing particularly shock-
ing for the researchers in the most important themes that 
arose, except for ‘approach’ and ‘studies’, which probably 
resulted because of the largely academically oriented lit-
erature which was analysed.

Fig. 3  Leximancer analysis results showing main themes and concepts on food system resilience
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Using the same corpus of documents, Fig. 3 provides a 
detailed view of the topics related to our research. This 
mid-level analysis gives greater insights into not only 
what topics are being discussed, but also, how they are 
related to each other. The proximity of the concepts to 
each of their main themes refer to how often those terms 
are used in connection to those terms (e.g., trade-offs is 
far more commonly referred in relation to resilience than 
say mechanism or measurement).

Based on the list of conceptual terms retrieved from 
our Leximancer analysis (see Appendix), and how these 
are visualised in Fig. 3, we have identified that the follow-
ing themes emerge in our research on the resilience of 
food systems:

1)	 The impact of climate change on the sustainability of 
food systems (or vulnerability).

2)	 Trade-offs of resilience within the systems and 
between different features of resilience (robustness, 
transformability).

3)	 The links between food production, health, and water 
(impacts of the food system).

We drew these inferences from the content analysis, 
using Leximancer, and the proximity or size of concepts 
related to key clusters in this visualisation. For example, 
climate change has a significant emphasis and impact on 
theories of food system resilience, as depicted in Fig.  3. 
The concept of resilience is most closely aligned to issues 
of trade-off, but also, measurement and mechanisms 
were more distantly discussed. We have also aimed to 
capture this in our food system resilience conceptual map 
in Fig.  4. We use this software interface to explore the 
relationship between concepts in the literature and links 
to other known ontologies (we use this to help create our 
conceptual resilience map in Fig. 4).

The colours represented in Fig.  4 are to illustrate the 
two key concepts related to system resilience (resilience 
and change in orange); the most significant key concepts 
related to systems and aspects relevant to their charac-
terisation (blue boxes), and the rest are lesser, but still 
important concepts in food system resilience.

Another step towards developing our ontology was to 
show the axioms relevant for its conceptualisation [16, 
39, 45]. The list of axioms below is a sample size of our 

Fig. 4  Conceptual map of concepts related to food system resilience
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complete list, which can be found in the software that we 
used:

1)	 Resilience is dependent on the response of the sys-
tem to changes;

2)	 Responses can be bouncing back, resistance, adapt or 
transform;

3)	 A food system is a system;
4)	 A system can have resilience as quality;
5)	 A system can have a subsystem(s) and encompassing 

system(s);
6)	 Food system resilience is a resilience (of the food sys-

tem);
7)	 Climate change is a change;
8)	 Change is dependent on time;
9)	 Humans can have the quality of resilience;
10)	 Humans can have a strategy;
11)	 A strategy has action and serves objective(s).

These axioms are important for the structuring and 
implementation of food system resilience, but their deep-
rooted conceptualisations may also create disciplinary 
division. It appears through the formulation and con-
ceptualisation of a given approach, such as food system 
resilience, there is the potential to constantly get trapped 
in further loops of conceptual division. While building 
an ontology does not overcome this problem, it may pro-
vide an initial step towards facilitating interdisciplinary 
collaboration, through a shared sense of what is held as 
important among the disciplines involved. While our 
ontological work is still in development, our research 
towards its development has allowed us to identify some 
of the key challenges involved in the construction of such 
an ontology in the first place.

Our ontological development will not close the debate 
around food system resilience, but quite the opposite, we 
aim to open communication channels between an array 
of different disciplines within an interdisciplinary refer-
ence model. Fundamentally, building ontology serves as 
a means, rather than an end, to facilitate interdisciplinary 
collaboration. It is meant as a stepping-stone, or to estab-
lish a common ground, upon which interdisciplinary col-
laboration can emerge. The purpose of this paper is to 
discuss the potential challenges involved in building a 
food system resilience ontology and to clarify how inter-
disciplinary discussions can materialise from this.

Throughout our research towards developing an ontol-
ogy for food system resilience, we have identified sev-
eral challenges that take the form of ‘trilemmas’ (also 
known as ‘impossible trinities’), which are important to 
examine and understand when researching food system 

resilience.17 These trilemmas create theoretical tensions 
and methodological barriers in interdisciplinary research 
and provide impediments to fruitful collaborations on 
food system resilience. In the context of food system 
resilience, we identified three issues that first arose dur-
ing our content analysis but kept arising throughout our 
research project. It is important to be aware of these 
three trinities of interdisciplinary food system resilience 
research to find dialogues and ways forward, both for 
research, but more importantly, for policy implementa-
tion and food security. The three aspects of food system 
resilience are system integrity, system transformability, 
and the agency of individuals (see Fig. 5).

These three aspects of food system resilience have 
caused great tension within the debate and impeded 
interdisciplinary definitions and collaborations in the 
area. The discussions on resilience have revealed funda-
mental differences in the ontology of a system and the 
interpretation of ‘agents of change’ underlying different 
disciplines [12]. This is demonstrated in the incommen-
surability among three key dimensions of food system 
resilience definitions:

1)	 The integrity or amorphic nature of the system: can 
the system be clearly defined with its boundaries, 
structures, components, and functions?

2)	 The type of resilience: bouncing back or transform-
ing?

3)	 Whether the agency is considered in what constitutes 
the ‘food system’: does the system have a collective 
‘will’ or is it the individuals who act on their own will 
and interest?

Within definitions of food system resilience, these three 
dimensions often cause conflict and tension between dif-
ferent actors. Sometimes it is possible to resolve two of 
the trilemmas while accepting trade-off with the third 
one. However, other times, there may even be an irre-
solvable tension between only two aspects of the tri-
lemma. For example, this tension can be shown between 
the agency of individuals and system integrity. This can 
particularly be seen with a discussion around ecological 
systems and humankind’s place and affordance of interac-
tion towards them. There is a tension between the agency 
of individual human beings and the system’s integrity. 
One must choose between not interfering with an eco-
logical system, which would respect the integrity of that 
system to self-regulate or to interact and transform this 

17  The notion of trilemmas has a long history, originating in many different 
areas, and refers to a trinity of objectives of which only two are possible at the 
same time.
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ecological system, which can be viewed as no longer 
respecting its integrity. This is also a common problem 
found within ecological literature (e.g., between compo-
sitionalists and functionalists).

Compositionalists propose that individual human 
action that actively changes the system is said to com-
promise its integrity, stating that human action is apart 
from, and different to, the rest of nature [9]. Whereas 
functionalists state that humans are just another part of 
nature and what is important is the overall functioning of 
the system, rather than its parts [37]. According to func-
tionalists, human agency is no different from other spe-
cies, so a system’s integrity can no more be compromised 
by us than it can by other organisms and species. Both 
compositionalists and functionalists offer valuable per-
spectives for interpreting agency and integrity, but their 
incompatibility highlights some of the common tensions 
surrounding the food system resilience trilemmas, even 
within the same discipline, and with only two of the tri-
lemma issues.

The challenges in food system resilience research
In developing the ontologies for food system resilience 
and related concepts, we have also come to realise an 
additional trilemma related to research on the topic of 
food system resilience, comprising of practical relevance, 
scientific rigour, and methodological feasibility (as shown 
in Fig. 6).

This trilemma emerged as the research team grappled 
with different interpretations of food system resilience 
and struggled to formulate a suitable modelling approach 

or research methods. This trilemma of having scientific 
rigour, methodological feasibility and practical relevance 
is a result of the elusiveness of concepts such as ‘resil-
ience’ and ‘sustainable food system’ and the complexity of 
the ‘food system’. As our literature study shows, food sys-
tems are generally conceived to involve multiple objects, 
actors, and relationship that are embedded within multi-
ple scales (local–national–regional–global). Changes and 
responses in any food system are interconnected with 
inherent randomness. It is therefore impossible to have 
all elements precisely specified and measured. However, 
quantitative simulations of well-defined systems with a 
limited set of indicators may provide insights into poten-
tial trade-offs between different objectives and system 
outcomes at various levels. This also concerns the devel-
opment of ontologies. Terms such as ‘resilience’ and ‘food 
systems’ easily generate tens of thousands of articles and 
pose a severe constraint for research with limited time 
and budget constraints.

Too much focus on scientific rigour, especially from 
the perspective of one scientific discipline, may backfire 
and even result in scientific imperialism18 as suggested 
by Thorén and Persson [42]. However, the aspects of the 
trilemma do not propose that it is impossible to con-
duct research, but it simply points to potential issues 
in research that need to be identified and addressed. By 
firstly identifying them, it leaves us with room to inte-
grate approaches to ensure some of these issues are 

Fig. 5  The trilemma in defining food system resilience

18  Scientific imperialism refers to situations where science is viewed to act 
overbearingly. It pushes science into many, if not most, areas of human life, 
claiming that everything can be rationalised and calculated.
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avoided or overcome. These are important insights for 
researchers working in food system resilience and are 
worth considering when researching the area.

Research opportunities and priorities on food system 
resilience
Our discussion has highlighted some of the clearest chal-
lenges faced when discussing food system resilience, 
attempts to define it, and issues within ontological devel-
opment research, more generally. The trilemmas do not 
mean that it is ‘impossible’ to study food system resil-
ience, but rather shows the importance of being aware of 
the challenges within the trilemma and making explicit 
choices about how to address them. Our research aims 
to provide researchers with insights into these challenges 
and to assist them with interdisciplinary dialogue on the 
topic of food system resilience. We propose that food sys-
tem resilience trilemmas may result in three innovative 
areas of research:

1)	 Research focusing on the transformability of the sys-
tem and the agency of the actors, taking a transitional 
perspective

2)	 Research focusing on modelling the structure and 
functional relationships of the system, without con-
sidering agency issues such as power, innovation, 
trust

3)	 Research focusing on the conservation of key sys-
tem functions and the agency of the actors, taking an 
optimisation perspective.

In our project, such discussions have resulted in the 
recognition of the need to better model the food system 
and the interactions between the resilience of individual 
agents (human beings with own identity, will, purpose 
and means) and the resilience of the food system as a col-
lection of agents’ actions (such a system has no inherent 
identity, will or purpose and therefore choices must be 
made to define the identity, will and purpose, etc.). This 
highlights the importance of including agency in agent-
based modelling that is usually absent in current versions 
of it.

As observed by Carpenter et al. [10], it may seem obvi-
ous to expect that researchers should clearly state which 
aspect of resilience is being measured and what sorts of 
drivers are being considered. However, resilience in one 
time-period or at a particular scale can be achieved at the 
expense of resilience in a later period or at another scale. 
Understanding these transfers across scales and periods 
is something which should be identified in food system 
resilience projects.

Furthermore, methods for analysing and managing sys-
tematic risks such as ‘reverse stress test’ [22] and ‘fault 
tree analysis’ [26] can be used to better understand the 
mechanisms and pathways to systematic collapse and 
therefore improve resilience at various levels of the sys-
tem. These modelling methods may greatly benefit the 
food system resilience field.

Therefore, we support some of the views within the 
debate that despite persistent challenges, there is a ben-
efit to viewing food systems through a resilience lens 
[25]. Our exploration towards ontology development 
has demonstrated some of the challenges of developing 

Trilemma of 
resilience 
research

Methodological Feasibility
(Budget, Data, 

Human capacity, 
Computa�onal power) 

Prac
cal relevance
(Current issues, 
realis�c cases)

Scien
fic rigor 
(Conceptual clarity,

Methodological reliability and 
reproducibility)

Fig. 6  The trilemma of research on food system resilience
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ontologies, demonstrating that this will be an ongoing 
endeavour in interdisciplinary research projects, not in 
the least because it encourages a structured process of 
interdisciplinary collaboration and communication. For 
researchers in such research projects, ontological explo-
rations and discussions are helpful to identify common 
ground and in jointly investigating knowledge gaps, criti-
cal issues, and developing novel approaches. This may 
lead to new insights as well as theoretical and methodo-
logical innovations. This was also evident in our research: 
we gained novel insights in our research about the 
development of ontologies, rather than necessarily the 
knowledge derived from the ontology itself (as it is still 
in development). These findings will be incorporated into 
the next stages of our food system resilience ontological 
development, but may also be beneficial to other projects 
working on this topic in the future.

Conclusion
While the development of our ontology is still a work in 
process, our research in food system resilience uncov-
ered many valuable insights. For example, our ontological 
exploration shows that ‘resilience’ is a rich concept that 
has an important bearing on many themes and topics 
in the domain of food systems. This makes it highly rel-
evant to develop and apply the concept of ‘food system 
resilience’. The application of the concept in research and 
practice, however, faces many challenges that are rooted 
in ontological and epistemological differences among 
different disciplines and practices. While posing serious 
challenges in interdisciplinary collaboration and com-
munication, these challenges also foster new research 
opportunities as knowledge gaps are discovered. For 
example, there is a need to critically investigate the social, 
environmental, and economic trade-offs implied in policy 
strategies towards resilience at various levels of food sys-
tems and among different actors or groups of actors, as 
demonstrated in our discussion section of the trilemma 
concerns.

Researching resilience in any domain is a balancing 
act among scientific rigour, methodological feasibility, 
and practical relevance. Achieving conceptual clarity 
as required by scientific rigour may render the research 
methodological infeasible due to data and budget con-
straints and therefore undermine the practical relevance 
of the research. Furthermore, the trilemmas in the 
domain of food system resilience now engage the core 
of social sciences: trade-offs, power, agency, and govern-
ance at various levels. In evaluating policy options and 
strategies, political ideologies and moral considerations 
may interfere with scientific rigour and should be made 
explicit in research findings. We will incorporate these 

insights into our research towards developing a food sys-
tem resilience ontology.

Interdisciplinary communication between differ-
ent fields can be difficult and divisive. The ambition to 
unify the theory may be counterproductive in address-
ing practical problems that often require multidis-
ciplinary collaboration. The challenge is to identify 
context-specific challenges and policy options using the 
‘resilience lens’ and translating the concept into meas-
urable indicators. Our research has identified some of 
these challenges and aims to provide a way to improve 
dialogue between different actors, through discussions 
about tensions and issues within their research.

The ontological differences and debates are unlikely 
to be resolved anytime soon, nor should it be a priority 
to resolve these differences. If the research team aspires 
to address empirical problems, a pragmatic case-spe-
cific approach can be adopted to address the problem 
while considering ontological differences. Our research 
highlighted some of the key challenges while providing 
ways to resolve many of these concerns. It will provide 
food system resilience researchers with some guid-
ance about challenges in their research, as well as those 
working on developing ontologies.

Appendix: Topic guide and list of themes 
and concepts
This appendix displays the topic guide generated by 
Leximancer based on a selection of peer-reviewed arti-
cles on resilience and food systems.

Word-Like Count Relevance (%)

Food 2994 100

Systems 2828 94

Resilience 1611 54

Agricultural 771 26

Change 748 25

Security 612 20

Social 584 20

Environmental 495 17

Global 479 16

Production 479 16

Local 461 15

Studies 433 14

Approach 386 13

Sustainability 338 11

Different 337 11

Diversity 335 11

Research 322 11

Economic 311 10
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Word-Like Count Relevance (%)

Sustainable 311 10

Development 295 10

Farm 284 09

Farmers 283 09

Analysis 279 09

Access 270 09

Market 263 09

Vulnerability 252 08

Capacity 250 08

Knowledge 249 08

Case 244 08

Use 242 08

Policy 241 08

Farming 241 08

Management 237 08

Ecological 237 08

Example 233 08

Climate 226 08

Climate and change 226 08

Key 222 07

Used 220 07

Actors 213 07

Land 213 07

Framework 213 07

Rural 210 07

Water 209 07

Supply 207 07

Countries 199 07

Impacts 191 06

Level 189 06

Important 183 06

Trade 179 06

Value 177 06

Scale 176 06

Assessment 175 06

Resilient 174 06

Time 171 06

Role 168 06

Regional 167 06

Concept 166 06

Indicators 165 06

Governance 164 05

Governance 164 05

Political 163 05

Adaptive 163 05

People 163 05

Based 162 05

Strategies 151 05

Human 151 05

Terms 149 05

Natural 147 05

Word-Like Count Relevance (%)

Learning 146 05

Future 146 05

Ecosystem 144 05

Innovation 143 05

Practices 131 04

Support 131 04

Nutrition 128 04

Consumption 123 04

Dynamics 122 04

Social–ecological 122 04

Services 120 04

Response 119 04

Community 118 04

Crop 118 04

Public 118 04

Interactions 117 04

Health 111 04

Risk 111 04

Shocks 110 04

Adaptation 108 04

Landscape 106 04

Ecology 105 04

Insecurity 104 03

International 101 03

Stability 96 03

Transformation 84 03

Institutional 79 03

Robustness 74 02

Developing 71 02

Developed 57 02

Measurement 51 02

Trade-offs 48 02

Transition 44 01

Volatility 42 01

Mechanism 38 01

Transformability 37 01

Collapse 14 00

Exported from Leximancer output
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