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The global food system faces multiple challenges including growing demand,
climate change, conflicts, economic shocks, pandemics, and disasters. Food systems
aim to provide healthy and nutritious food for all, while minimizing environmental
impacts, ensuring social equity and economic viability, and enhancing resilience to
shocks and stresses. The fragility of the global food system has been exposed by
COVID-19 and the Russia-Ukraine war, resulting in disruptions in supply chains and
reduced access to food for vulnerable populations. Recognizing the importance
of transitioning to more “sustainable” and "resilient” food systems, a notable gap
exists in clear metrics for quantifying “sustainability” and “resilience,” hindering the
ability to track progress and inform evidence-based decision-making. This paper
explores the alignment of definitions and evaluation methods for “sustainability”
and “resilience” in food systems literature, the diversity of existing metrics across
regions and scales, and the distribution and distinctive characteristics of case
studies that have implemented these quantification approaches. The analysis of
the literature highlights a lack of consensus in defining food systems sustainability
and resilience, highlighting the need for stakeholder- informed, context-specific
metrics. The divergence observed in conceptualizations and methodologies illustrates
challenges in achieving a unified assessment framework and bridging the gap
between definitions and practical implementation. To address this, we propose
the co-creation of practical, interpretable metrics tailored through stakeholder
engagement, acknowledging the limitations of a one-size-fits-all approach.
Notably, Life Cycle Assessment (LCA) and the Food-Energy-Water Nexus (FEWN)
emerge as promising methodologies for comprehensively evaluating sustainability
and resilience dimensions. This review underscores the importance of further
conceptual and methodological refinement, alongside fostering regional and
international collaboration, to advance the discourse and evidence-based action
on sustainable and resilient food systems.
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food system transformation, multi-scale metrics, systems thinking, sustainable
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1 Introduction

The world is currently beset by multiple crises that pose significant
threats to its food and nutrition security (FAO, 2021; The World Bank,
2022). Geopolitical instability, social unrest and climate stressors come
on top as their destabilizing consequences aggravate the global food
crisis (FSIN and Global Network Against Food Crises, 2021; World
Economic Forum, 2021). Moreover, practices across the food system
are on an unsustainable trajectory, encompassing issues such as land
use and food production. Agriculture stands out as a significant
contributor, responsible for almost a third of global greenhouse gas
emissions (FAO, 2021).

This period of systemic disruption and escalating resource
pressures demands a paradigm shift to mitigate the vulnerability and
susceptibility to shocks within current food systems, minimizing their
adverse impacts. Facilitating a holistic transformation and supporting
policy adaptability and robustness necessitates the implementation of
quantitative measures and a resilience-based approach. However,
pathways considered must acknowledge sustainability as a
fundamental attribute of future food systems. Recognizing the
intrinsic interplay between sustainability and resilience is critical, with
resilience serving as a prerequisite for achieving sustainability (Allen
and Prosperi, 2016; O’Brien et al., 2012; Pisano, 2012; Tyler et al,,
2013). There is an urgency to transform the current food systems to
align with the global ambition to achieve the United Nations
Sustainable Development Goals (SDGs) (Fanzo et al., 2020; FAO,
[FAD, UNICEF, WEP, and WHO, 2021). This transformation must
be harmonized with equitable livelihoods and healthy and
environmentally friendly diets as well as environmental sustainability
(Béné et al., 2019a; Lartey et al., 2018).

Currently, we can recognize the ongoing international efforts
through the portfolios of different initiatives that span all over the
food supply chain including the UN Food Systems Summit, The
Global Agriculture and Food Security Program (GAFSP), and The
Special Programme for Food Security (SPES) (FAO, 2018; Food
Systems Initiative, 2020; HLPE, 2014, 2017). The inherent complexity
of food systems, coupled with growing systemic threats, has resulted
in cascading challenges in their implementation. The COVID-19
pandemic was an example of such unforeseen challenges with long-
term ripple effects. Another example is the Russia-Ukraine war that
has induced a surge in the prices of staple crops and food products
(Béné, 2020; OECD, 2021).

To fully leverage the benefits of this transformation and
stakeholder
engagement, adopting a systems thinking approach is imperative
(Bowman et al., 2015; FAO, 2018; O’Brien et al., 2012; Pisano,

2012). This approach enhances understanding of the complex

associated interventions while promoting

properties and behaviors of food systems under both gradual and

abrupt changes, allowing for the disentanglement of
interconnectivity among economic, political, social, and
2008; 2011).

Furthermore, it provides a multidisciplinary lens to identify key

environmental factors (Ericksen, Ingram,
drivers, interactions, and dynamics among various food-related
sectors, thereby moving away from siloed approaches (Fanzo
etal, 2021; Melesse et al., 2020). For example, adopting such an
integrated perspective can unify both food production and
2021), while also

facilitating effective allocation of funding and resource planning

consumption efforts (Von Braun et al,
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to address unforeseen changes (Bowman et al, 2015; Food
Systems Initiative, 2020; Ruben et al., 2021).

Food supply chains are central to this system transformation. This
is due to the significant environmental footprints associated with
current practices, resulting in key environmental feedback loops and
complex interactions that increase the vulnerability of the overall
system (Béné et al., 2019b; Crippa et al., 2021; Fanzo et al., 2020).
Additionally, food systems governance represents a key leverage point
that can support establishing the necessary enabling environment for
food transformation and a long-term commitment needed at any level
(Canfield et al., 2021; Fanzo et al., 2020, 2021; HLPE, 2017; Wezel
et al,, 2020). Current food policies primarily focus on boosting food
production which is critical to sustaining the GDPs of many countries
around the world (FAO, 2018). This underscores the prominent
representation of The Ministry of Agriculture and its associated
stakeholders as the primary actors in the stakeholders’ mapping
(Ruben et al,, 2021). Therefore, realigning current policies to catalyze
food system transformation is crucial to creating plausible and robust
policies capable of effectively responding to future disruptions (Dury
etal., 2019; Fanzo et al., 2021; Holden et al., 2018).

Charting this transformative path starts with establishing a clear
set of metrics that would allow for quantifying resilience and
sustainability across food systems (Chaudhary et al., 2018; Fanzo et al,
20215 FAO, 2018). Melesse et al. (2020) identified the quantifiable
measures “metrics” as “..a system of relevant indicators that provide a
tool for measurement, comparison or tracking system performance?
Identifying metrics should be adapted to the specific food system
component under study to reflect the status quo (binding constraints,
leverage points), monitor performance, and be able to convey
knowledge to convert to progressive policies (Fanzo et al., 2021). For
instance, the metrics of food production should measure input
utilization, productivity, and output levels (Melesse et al., 2020). As a
result, these metrics should emerge as a response to the ongoing policy
questions and should be characterized as interpretable and practical
for policy discussions, actions coordination, and foresight analysis
(Fanzo et al., 2021; Havardi-Burger et al., 2021; Rutten et al., 2018; Van
Wassenaer et al., 2021). A few studies have reviewed the different
metrics to quantify sustainability and resilience developed in the
current body of food systems literature (Prosperi et al., 2016). Most of
these studies focused on sustainability or resilience (Allen et al., 2019;
Cabel and Oelofse, 2012; Constas et al., 2014; D’Errico et al., 2016;
Food and Agriculture Organization of the United Nations, 2010;
Padilla et al., 2015; Rutten et al., 2018; Seekell et al., 2017; Tyler et al.,
2013; Zurek et al., 2017). This demonstrates the need to systematically
map out and critically reflect on the existing metrics used. Also, it
entails evaluating the overlap between sustainability and resilience
metrics in food systems to enable any shift or action and monitor the
system’s performance.

This paper addresses three core research questions: (1) To what
extent do the definitions of “sustainability” and “resilience” in food
systems literature align, and what quantification methods exist to
evaluate them? (2) What types of metrics for evaluating sustainability
and resilience in food systems exist in the literature, and how do these
metrics vary across regions (Asia, Africa, Europe, etc.) and across
scales (household, farm, urban, regional... global)? (3) What is the
regional and scale-based distribution of case studies that have adopted
sustainability and resilience quantification in food systems, and what
unique features do these case studies exhibit?
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To address these research questions, this paper aims to: (1)
conduct a systematic review of the current literature to delineate the
foundational concepts of “sustainability” and “resilience” in food
systems and evaluate the level of convergence in their definitions; (2)
identify and characterize the range of metrics used for evaluating food
system sustainability and resilience; (3) evaluate the convergence
between metrics for evaluating the sustainability and resilience of food
systems in the reviewed literature; (4) map the regional and scale-
based distribution of case studies that have implemented sustainability
and resilience quantification, highlighting their unique features and
discourse  on  food

contributions  to  advancing the

system transformation.

2 Conceptual challenges and
definitions: food systems,
sustainability, resilience

This section reviews diverse definitions of food systems, food
system sustainability, and food system resilience, to analyze the
convergence among these concepts. In this paper, we define
“convergence” as the extent to which there is alignment or overlap in
definitions and quantification methods and indicators for measuring
sustainability and resilience of food systems.

2.1 Food systems

The absence of a universally agreed-upon definition for “food
systems” is highly recognized within the literature (Von Braun et al,,
2021; Canfield et al., 2021; Caron et al., 2018; Recine et al., 2021; HLPE,
2014). Each definition emerges from specific communities of practice
and often manifests in descriptive forms rather than quantitative ones.
This leads scholars and practitioners to grapple with the dynamic
interplay between conceptual clarity and contextual specificity, resulting
in diverse interpretations. This concept was broadly presented by Polly
Ericksen using a conceptual framework encompassing drivers-activities-
outcomes while acknowledging the intricate connections of
environmental and socio-economic factors through feedback
mechanisms (Ericksen, 2008). The High-Level Panel of Experts on Food
Security and Nutrition (HLPE) presented another conceptual framework
with an emphasis on diets and nutrition as vital outcomes “A food system
gathers all the elements (environment, people, inputs, processes,
infrastructures, institutions, etc.) and activities that relate to the production,
processing, distribution, preparation, and consumption of food, and the
output of these activities, including socio-economic and environmental
outcomes” (HLPE, 2017). The Food and Agricultural Organization of the
United Nations (FAO) considers food systems to “encompass the entire
range of actors and their interlinked value-adding activities involved in the
production, aggregation, processing, distribution, consumption, and
disposal of food products that originate from agriculture, forestry or
fisheries, and parts of the broader economic, societal and natural
environments in which they are embedded. The food system is composed of
sub-systems (e.g., farming system, waste management system, input supply
system, etc.) and interacts with other key systems (e.g., energy system, trade
system, health system, etc.).” The conceptual divergence in defining food
systems and their key components may pose challenges in evaluating
their performance and in guiding policies toward transformative action.
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2.2 Resilience and sustainability

Navigating a fully operational food system transformation is further
hindered by varying conceptualizations of sustainability and resilience,
and the interplay among their dimensions (Béné et al., 2019a; Holden
etal,, 2018; Tendall etal., 2015; Van Wassenaer et al., 2021). Sustainability
focuses on meeting the current needs of the food system while ensuring
its future viability, whereas resilience enhances the system’s capacity to
anticipate, absorb, recover from, and adapt to disruptions and shocks.
These differing emphases on sustainability and resilience can complicate
the measurement of system performance and the establishment of
unified metrics, as each dimension requires distinct criteria and
indicators to effectively evaluate and balance their respective goals
(Marchese et al., 2018; Soubry and Sherren, 2022; Tendall et al., 2015).

Pisano (2012) and Van Wassenaer et al. (2021) present resilience
as “The ability of a system to absorb disturbances and still retain its basic
function and structure.” However, Béné and Doyen (2018) argue that
the concept of resilience should not be limited to the system’s recovery,
but rather extend to include systematic responses. Meanwhile, Tendall
etal. (2015) present it as follows: “To build humankind’s capacity to
attain today’s goals and meet their needs without compromising the
future capacity to deliver the same.” Another definition was presented
in New Zealand’s 2019 National Disaster Resilience Strategy that
emphasizes long-term adaptation and provides a holistic framework
to bridge the gap between reactive and proactive approaches: “The
ability to anticipate and resist the effects of a disruptive event, minimize
adverse impacts, respond effectively post-event, maintain or recover
functionality, and adapt in a way that allows for learning and thriving?

Similarly, Chrisandina et al. (2022) note that from a process
systems engineering perspective, supply chain resilience can
be defined as “The capability of a system to anticipate, absorb, adapt
and recover in the face of a disruption”. Therefore, resilience can
be understood as the ability to deal with unexpected deviations from
nominal operation. This characteristic is similarly essential for
sustainable system solution generation since these potential uncertain
deviations can render process systems inherently environmentally and
socially harmful (Di Martino et al., 2023). In essence, if systems are
not sufficiently resilient, they cannot be sustainable.

Narrowing down these concepts for food systems, FAO (2018)
defines a sustainable food system as “a system that delivers food security
and nutrition for all in such a way that the economic, social and
environmental bases to generate food security and nutrition for future
generations are not compromised.” Tendall et al. (2015) defines a
resilient food syst as the “Capacity over time of a food system and its
units at multiple levels, to provide sufficient, appropriate and accessible
food to all, in the face of various and even unforeseen disturbances.” The
resilience of food systems requires a consolidated conceptualization
(Van Wassenaer et al., 2021). As a result, grasping the full picture of
what a resilient sustainable food system remains challenging and
therefore, more efforts should be made to compose it systematically.

2.3 Summary of overlaps in concepts

Sustainability and resilience emerge in their mutual focus on
maintaining the systems ability to function over the long term. Both
concepts consider social, environmental, and economic dimensions
and recognize the importance of adapting to changes to support future

frontiersin.org
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generations. The integration of metrics assessing social and
environmental impacts is common to both, illustrating that they both
engage with holistic evaluations of food system performance
(Figure 1). Summary of divergence in concepts becomes apparent
when examining their core principles and approaches to change and
adaptation. Sustainability primarily aims at proactive measures,
emphasizing resource conservation, ecological balance, and
intergenerational equity. It focuses on preventing environmental
degradation and ensuring that current practices do not deplete
resources for the future. In contrast, resilience emphasizes the system’s
ability to react to disturbances and adapt to changes. It incorporates
both proactive and reactive measures, focusing on how systems can
recover from and adapt to disruptions, whether anticipated or
unforeseen. The metrics for resilience often include adaptive capacity,
flexibility, and recovery speed, which contrast with sustainability’s
focus on long-term ecological balance and equity. In policy and
practical application, these divergences can lead to challenges. While
sustainability-oriented strategies may prioritize maintaining ecological
integrity and long-term resource use, resilience-oriented policies
might focus more on building infrastructure and capabilities that
allow for rapid adaptation and recovery. This difference in focus may
lead to conflicts or trade-offs when balancing sustainability’s long-
term preventive measures with resilience’s immediate responsive needs.

3 Methodology

The methodology consists of a systematic review to map out
metrics being used in the literature for quantifying the sustainability
and resilience of food systems (Albrecht et al., 2018; Mittal et al., 20225
Palmatier et al., 2018). The following outlines the different steps of our
approach (Figure 2).

3.1 Sampling and search strategy

We conducted a query for indexed peer-reviewed papers
(articles and reviews), in English language between 2020 and 2022 in
the Scopus database. This search targeted specific keywords within

10.3389/fsufs.2025.1479691

the abstract, title, and keywords fields. Scopus was selected as a
database because of its extensive collection of journals across fields,
although it tends to favor English-language journals with a high
coverage of natural science, engineering, and biomedical journals
than social sciences, arts, and humanities (Mongeon and Paul-Hus,
2016). It is important to note that this language restriction might
introduce an implicit bias in the identified literature toward
countries and regions speaking these languages. In tandem, through
a snowballing method, the cited work of non-governmental and
inter-governmental research and policy organizations in the
identified research articles was reviewed and included in the analysis.
Through this effort, the authors aimed to ensure that relevant grey
literature has been considered in this review. The research team
implemented an iterative review process, systematically discussing
and refining coding decisions and the selection of grey literature to
minimize subjective bias and enhance the methodological rigor of
the process.

To carry out this search, the following keywords were used: “food
systems,” “sustainability;,”
the search process was narrowed down to the areas of Environmental

» «

resilience,” “metrics,” and “indicators” and
Science and Agricultural and Biological Sciences as sub-areas to focus
on listed in the Scopus database. Therefore, the resulting search line
in Scopus was:

(TITLE-ABS-KEY (food AND systems, AND sustainability, OR
resilience, AND metrics, OR indicators OR sustainable OR resilient
OR agrifood AND system) AND PUBYEAR >2019 AND PUBYEAR
<2023) AND ((indicators)) AND (food AND system) AND
(LIMIT-TO (DOCTYPE, “ar”)) AND (LIMIT-TO (SUBJAREA,
“ENVI”) OR LIMIT-TO (SUBJAREA, “AGRI”))

The outcome of this search was 1,038 documents, however, only
112 articles matched the objectives of this study by applying both
inclusion criteria:

o Articles explicitly providing a conceptual framework for
quantifying sustainability and resilience in the food system.

o Articles including metrics for quantifying, tracking, or
monitoring the sustainability and resilience of food systems.

Articles were excluded if they:

Sustainability

* Resource conservation
* Ecological balance
* Intergenerational equity

* Preventing environmental
degradation

* Long-term viability

* Proactive measures

FIGURE 1
Conceptual overlaps and divergences between sustainability and resilience.

*Maintaining system
functionality over the long term

*Social, environmental, and
economic dimensions

*Adapting to changes
*Supporting future generations

*Holistic evaluation

Resilience
* Reaction to disturbances
* Adaptive capacity
* Flexibility
* Recovery speed

* Proactive and reactive
measures

Frontiers in Sustainable Food Systems 04

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1479691
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Hassan et al.

10.3389/fsufs.2025.1479691

1. Identification

G Sampling \

* Primary database: Scopus database

+ Sub-areas of search within Scopus database: Environmental
Science and Agricultural and Biological Sciences

» Search included indexed papers in English

» Search within the abstract, title, and keywords fields.

« Employing one set of keywords: “food systems”,

“sustainability”, “resilience”, “metrics”, and “indicators”
» Additional grey literature identified through snowballing.

kecords identified: 1038 /

/ 2. Eligibility \
2.1 Inclusion and exclusion criteria

*  Articles explicitly providing a conceptual framework for
quantifying sustainability and resilience in the food system.

*  Articles that propose metrics for quantifying, tracking, or
monitoring the sustainability and resilience of food systems.

2.2 Exclusion criteria

*  Did not explicitly provide a conceptual framework for
quantifying sustainability and resilience in the food system.

»  Failed to propose metrics for quantifying, tracking, or
monitoring the sustainability and resilience of food systems.

»  Focused solely on theoretical discussions without practical
applications or quantifiable measures.

Records screened out: 926
kecords included: 112

FIGURE 2
Overall approach.

5. Reporting

+ Emphasizing opportunities for future research.
» Providing actionable recommendations.
» Highlighting the gaps and limitations.

4. Data analysis

* Analysis of key features of the literature: Global distribution of
institutions of the lead, and recurring themes and objectives.

* Categorization and utilization of identified metrics, and
quantification methods.

« Investigation of case studies, utilized metrics and quantification
methods, across regions and scales.

3. Data collection and categorization
Screening the papers to extract information related to:
* The authors; institutions; paper objectives
« The quantification approach:; listed criteria
« Case studies; scale; region

Did not explicitly provide a conceptual framework for quantifying

sustainability and resilience in food systems.

« Did not include metrics for quantifying, tracking, or monitoring
the sustainability and resilience of food systems.

« Focused solely on theoretical discussions without practical

applications or quantifiable measures.

Addressed sustainability or resilience in unrelated sectors outside
the food system.

3.2 Data collection

The data collection approach was inspired by Albrecht et al. (2018)
and Mittal et al. (2022). As a first step, the shortlisted papers first
screened to extract information related to:

o The authors: (Names and lead author’s institution).

o Publication: (Journal, year of publication).

« Study focus: Sustainability and/or resilience.

o The paper’s purpose: The study aim and objectives as described
by the authors.

The second step of data collection included extracting the
following information:

o The metrics of sustainability and/or resilience of food systems:

o Quantification method: e.g., LCA, sustainability impact assessment
o The listed quantifiable metrics: e.g., indicators, determinants.

Frontiers in Sustainable Food Systems

To map the regional and scale-based distribution of case studies
that have implemented sustainability and resilience quantification,
we compiled the following information:

o Case study: Is there a specific case study? Or does the paper only
present a conceptual model or approach?

o Scale: Household level, crop level, farm level, local, urban,
regional, supply chain level, national, global.

« Region: The region in which the case study is undertaken

3.3 Data analysis

The information was initially coded into categories to analyze
the selected papers by journal and year, identify the institutions
focusing on this topic, determine the proportion of papers
addressing sustainability and/or resilience, and examine the
common objectives stated by the authors. The identified
quantification criteria were coded under sustainability or
resilience categories, then compared to reveal similarities,
differences, and gaps. Additionally, they were assessed to
determine if they were cross-sectional or longitudinal. Finally,
the assessment of quantifying sustainability and resilience in food
systems considered the implementation scale and region. For
example, research focused on local or regional scales often
emphasizes community-driven initiatives, while studies at
national or global scales tend to focus on policy frameworks,
institutional coordination, and large-scale interventions.

frontiersin.org
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The data analysis process involved an initial categorization of the
collected data, with a focus on key aspects such as:

« Distribution of papers across journals and years,

« Institutions contributing to the topic (sustainable food systems,
resilient food systems),

o The proportion of papers dedicated to sustainability and/
or resilience,

o The stated objectives by authors.

Next, the identified quantification criteria were coded under either
sustainability or resilience. This categorization also included an
assessment of whether the studies were cross-sectional or longitudinal.
In the final phase, case studies quantifying sustainability and resilience
in food systems were evaluated by recognizing trends and patterns,
including frequency of studies across regions and scales. The results
are presented in the following section, emphasizing opportunities for
future research on food systems transformation and providing
actionable recommendations based on the analysis. Given the inherent
context-specific nature of studies and their associated food supply
chains at assessments at different scales, divergence among
quantification metrics for food system sustainability and resilience is
expected. While this observation was no surprise, this work makes an
important contribution by mapping and cataloguing key quantification
methodologies and metrics across diverse research focuses and scales,
a gap in the current literature. By providing a structured glossary of
these approaches, this work serves as a resource for researchers seeking
to align their localized approaches with established metrics, enabling
comparability and facilitating the transfer of insights between studies.

4 Results and analysis
4.1 Key features of the reviewed literature
To address the first research question of this paper—To what

extent do the definitions of “sustainability” and “resilience” in food
systems literature align, and what quantification methods exist to

10.3389/fsufs.2025.1479691

evaluate them?—this section examines the key features of the
literature. Around 10% of the screened literature (112 of 1,038
articles) included metrics for quantifying sustainability and/or
resilience in food systems. Our review reveals that most efforts are
aimed at conceptually defining sustainability and/or resilience within
the food system, rather than specifically providing quantifiable
metrics. These efforts focus on offering descriptive visualization of
sustainable and resilient food systems, emphasizing themes related to
the development and governance of existing food systems. Thus, a
key insight from the reviewed literature is that the development of
explicit and reproducible metrics for quantifying sustainability and
resilience in food systems remains in its early stages, with a notable
absence of a comprehensive systems perspective.

Figure 3 shows that the overall 112 studies are divided as follows:

o The number of articles exclusively addressing sustainability is 102.

« The number of articles exclusively addressing resilience is 7.

o Finally, the number of articles that exclusively worked on
sustainability and resilience is 3.

The reviewed literature also highlights a dispersed global interest
in this research topic, as evidenced by the distribution of lead author
institutions. Italy notably stands out with 11 institutions engaged in
quantification, indicating a significant interest within the research
landscape. Figure 4 illustrates the worldwide distribution of lead
author institutions for further insight.

In addressing the inherent complexity of food systems, we explored
the thematic breadth of the literature and scrutinized each article’s
objectives and their alignment to our overarching theme. Based on the
author’s analysis of the 112 screened studies, seven categories emerged,
with two key recurring objectives under each. Notably, these objectives
span across various facets of the food system, tightly linked with
stressors such as climate change resources like biodiversity and land.
While the majority of articles focused on enhancing policy and
governance frameworks within the current landscape, there was a
noticeable absence of literature reflecting multi-sectoral collaboration
and a systemic perspective. Figure 5 visually presents the key themes
and objectives elucidated in the reviewed literature.

120

100

80

60

40

20

Sustainability

FIGURE 3

7
| :
—

Resilience

Classification of identified studies per research topic into sustainability, resilience, and sustainability and resilience.

Sustainability and resilience
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FIGURE 4
Global distribution of institutions of the lead authors.
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4 2 Quantification methods and metrics
adopted in the reviewed literature

To address the first part of the second research question— What
types of metrics for evaluating sustainability and resilience in food
systems exist in the literature —this section explores the methods and
metrics identified in the literature. It examines how these metrics are
applied to quantify sustainability and resilience in food systems.
Table 1 presents the categories of metrics reported by the authors of
the 112 screened papers. The “example metrics” listed in the second
column were selected to illustrate representative examples, along with
their corresponding references. These categorizations (e.g.,
environmental, economic, social, governance, health, cultural,
farming practices, circularity, flexibility, and security) reflect the
multi-dimensional nature of food systems and align with the
definitions and dimensions of sustainability and resilience identified
in the literature. They aim to bridge conceptual gaps and provide a
structured framework for quantifying food system performance,
consistent with the broader definitions and frameworks discussed in
Section 2. Each category addresses a specific dimension critical to
assessing sustainability and resilience:

 Environmental: Metrics including emissions, biodiversity, and
land use quantify the ecological footprint of food systems,

with
environmental impacts.

« Economic: Metrics including production costs and profitability

aligning sustainability’s  focus on  reducing

reflect the financial viability of food systems, critical for long-
term sustainability.

« Social: Metrics including literacy and wage levels capture social
equity and well-being, addressing the social pillar of sustainability.

Frontiers in Sustainable Food Systems

« Governance: Metrics including stakeholder engagement and
policy implementation evaluate institutional capacity, essential
for creating adaptive and transformative systems.

o Health: Metrics including nutrition quality and pesticide
exposure reflect human well-being, a fundamental goal of
sustainable food systems.

Cultural: Social inclusion and gender equality metrics emphasize
the preservation of community values, integral to the social
sustainability of food systems.

Farming Practices: Metrics including crop rotation and soil
management highlight the role of agricultural practices in
enhancing both productivity and ecological resilience.

Circularity: Recycling rates and waste reduction practices

underscore the efficient use of resources, minimizing

environmental impact and supporting sustainability.

Flexibility: Metrics such as climate adaptability and food import
capacity emphasize a system’s ability to respond to disruptions, a
key attribute of resilience.

Security: Food availability and supply chain transparency reflect
stability and equitable access, crucial for both sustainability
and resilience.

In Table 1, we can see that Mouratiadou et al. (2021) for example
utilize 1,128 metrics, including those related to biodiversity (76),
productivity (70), food and nutrition (70), and soil characterization
(61). While this level of detail allows for a nuanced analysis, it also
hinders the application of the proposed methodology to other fields
due to its inherent complexity. It is not uncommon among the
identified studies that more than 100 indicators are utilized (Eggert
etal., 2021; Heredia-R et al., 2022; Mackenzie and Davies, 2022). Some
of these indicators are highly specialized which further hinders the
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applicability and transfer to other scenarios of performed studies. This
also renders the performed analysis of this work challenging.

The categories included in the table were directly derived from the
papers, not based on the authors’ interpretation or judgment. This
diversity can be attributed to the varying concepts used in food system
transformation, the diverse backgrounds of researchers, and the
complex nature of food systems. Despite this, there is a noticeable lack
of metrics specifically designed to assess food system vulnerability and
associated risks. Water is a prominently recognized category,
underscoring its critical role in transformation; however, related
metrics could further include aspects of recycling and treatment.
We can also appreciate a divergence between theoretical concepts or
definitions and practical implementation. The open literature
converged that sustainability consists of the three pillars of
environmental, economic and social considerations. However, all
three aspects are only considered in 42 out of 112 studies, all
exclusively in the sustainability study category. This underlines that
not only resilience can be a nebulous and vague concept, but
sustainability as well, in the sense that not all dimensions of it are
commonly explicitly investigated.

Furthermore, the plethora of utilized metrics and their relative
occurrence can be visualized in Figure 6. It is not surprising that
environmental and economic metrics are the most often incorporated
metrics. However, after these two metrics, a drop in utilization
frequency can be observed to around 39 to 48% for social, water and
energy metrics. The next section constitutes around 20 to 30% of
studies which include health, management, security, cultural and
governance metrics. Next, farming practice, biological, circularity, and
flexibility metrics are classified as contributors in the 10 to 20% range.
Lastly, chemical and physical metrics are only used scarcely, i.e., in 2
to 3% of studies. Further, it is surprising that a lot of studies analyze
environmental implications, but do not consider extensions to energy
and water systems. This means that the full environmental impact can
inherently not be analyzed by these approaches (Di Martino et al.,
2023). Security and flexibility together can be understood as a
prerequisite of a resilient process system (Chrisandina et al., 2022).
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Interestingly, security and flexibility are only evaluated together in 5
studies (Sustainability and Resilience: 1, Sustainabillity: 1, Resilience:
3). Security alone is analyzed in 24, and Flexibility alone in 4
sustainability studies. This indicates that indeed preliminary aspects
of resilience are considered in 27 sustainability studies without
explicitly stating it, which increases the initially observed penetration
of resilience considerations in sustainability studies from 3 to 26%.
However, in all studies on resilience and resilience combined with
sustainability, no coherent metric or concept of resilience has
been introduced.

Figures 7, 8 evaluate the utilized metrics category per location and
scale to address the second part of the second research question—How
do these metrics vary across regions (Asia, Africa, Europe, etc.) and
across scales (household, farm, urban, regional, global)?No clear
convergence of used metrics per scale or location can be observed.
This is a reflection of the absence of best practices or uniform
framework for selecting quantification metrics per scale, location and
research focus. It is observed that metrics related to the environmental
category are present in all locations. Additionally, the metrics in
Europe cover all the categories, although they do not have equal
representation. We can recognize a more uniform representation of
metrics linked to environmental, economy, water and energy in
North America.

To further highlight this discussion, the employed quantification
methods of all studies are summarized in Table 2 and analyzed next.
Similar to the quantification metrics, the quantification methodologies
are categorized based on their analytical framework and
methodological approach. In this instance, we could summarize all
methods under the following: sustainability impact assessment, life
cycle analysis (LCA), Food-Energy-Water Nexus (FEWN) approach,
Emergy synthesis, resilience assessment, or resilience and
sustainability assessment. Most of the identified studies utilize historic
data and tailored indices for various applications. Additionally,
resource balancing and accounting across system boundaries are
regularly employed as well. Less often, optimization approaches of
identified indicators are leveraged. According to the selected topic,
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TABLE 1 Categorization of identified metrics to assess resilience and sustainability of food systems by theme.

Categorization of metrics and frequency Selected examples of representative

Reference examples

of inclusion in screened studies metrics (not exhaustive list)

Economic (75)

Production Cost

Profitability

« Emissions Kumar et al. (2022)
Environmental (80) « Biodiversity Agyemang et al. (2022)

« Land use Arrieta et al. (2021)

« Net Present Value Falcone et al. (2022)

Wohlenberg et al. (2020)
Krol-Badziak et al. (2021)

Social (54)

Human Development Index

labor intensity per utilised agricultural area (UAA) (h
worked/ha)

Literacy

Dornelles et al. (2022)
Pronti and Coccia (2021)
Sridhara et al. (2022)

Governance (23)

Stakeholder engagement
Ecosystem governance-

Vertical and horizontal relationships

Mackenzie and Davies (2022)
Hornborg et al. (2020)
Gaitan-Cremaschi et al. (2020)

Social inclusion

Cavalleri et al. (2022)

Health (33)

Exposure to pesticides

Cultural (25) « Satisfaction of basic needs Painii-Montero et al. (2020)
o Gender equality Diogo et al. (2022)
« Nutrition Ansari et al. (2020)

Guo et al. (2022)

Farming Practice (18)

Allocation of agricultural land

Use of heavy machines

o Quality of life Gambelli et al. (2021)

« PH Ros et al. (2022)
Chemical (3) « Consumption of chemicals Ferrero et al. (2022)

o Agrochemical contamination risk Tseng et al. (2021)

o Degree of crop rotation Ciftcioglu and Gulay. (2022)
Biological (16) « Animal welfare Broom (2021)

« Tillage Sandhu (2021)

« Aggregate stability Ros et al. (2022)
Physical (2) « Water retention Ros et al. (2022)

o Atmosphere Mouratiadou et al. (2021)

« Agricultural land division Smith et al. (2022)
Management (31) o Crop land size Yan et al. (2022)

 Production and processing Wang et al. (2021)

« Food availability Ulukan et al. (2022)
Security (30) « Supply chain transparency Kumar et al. (2022)

« Food supply variability Dornelles et al. (2022)

« Farming experience Sunny et al. (2022)

Smith et al. (2022)
D’Ammaro et al. (2021)

« Recycling rates Ruggieri et al. (2022)
Circularity (16) « Waste reduction practices Havardi-Burger et al. (2021)
« Reduced food waste Toboso-Chavero et al. (2021)
« Energy consumption Shukor and Ng (2022)
Energy (44) « Variability in energy prices Springer et al. (2022)
8y ty [38% pring
« Energy self-sufficiency rate Sun et al. (2022)
« Presence of irrigation Ulukan et al. (2022)
« Water quali Fabiani et al. (2020)
Water (49) quality
« Proportion of crops produced per unit of water used | Nhamo et al. (2020)
(productivity)
« Food import capacity Shu et al. (2021)
Flexibility (10) « Climate adaptability Zong et al. (2022)
o Growth of road area Yan et al. (2022)
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Utilization of identified metrics.
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Total Number of Utilized Metrics: 112

these approaches have been categorized as the respective assessment
strategy. However, in 92 out of 112 studies, the presented theoretical
concepts have been translated into a real-world impact which is an
outstanding result within an FEWN context (Di Martino et al., 2022).

Figure 9 further evaluates the selected quantification methods
according to their employed scale and location under investigation,
respectively. Interestingly, LCA and FEWN approaches are regularly
employed besides sustainability impact assessment metrics followed
by Energy Synthesis, resilience assessment and lastly resilience and
sustainability assessment methods. Sustainability impact assessment
is utilized in the majority of studies due to the strong potential of this
approach to tailor it to specific case studies based on the introduction
of specialized metrics or balances. In turn, it directly follows that one
sustainability impact assessment strategy is potentially completely
different from another one on the basis of the selection of
fundamentally different performance metrics. This ties back to the
identified absence of good practices for sustainability and resiliency
assessment in food systems. This is further illustrated by the fact that
there does not appear to be a clear utilization of a single quantification
strategy for a single scale or location. In fact, the opposite is the case:
each quantification methodology is utilized for a variety of scales
and locations.

Figure 10 illustrates the metrics utilized for each quantification
methodology. Overall, this figure underlines that across the
quantification methods there is no clear convergence in utilized
metrics, the only exception being Emergy synthesis which focuses
mostly on environmental, economic, and energy metrics. Flexibility
and security metrics are most often significant contributing metrics
for FEWN, resilience assessment and resilience and sustainability
assessment strategies. These two metrics can be understood as
preliminary resiliency quantification metrics, which indicates that the
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FEWN can be leveraged as a powerful strategy to assess resiliency,
besides the respective assessment strategies. On the other hand, LCA
together with sustainability impact assessment employ regularly
environmental, economic, and social metrics, i.e., all three pillars of
sustainability, putting these approaches at the forefront of sustainability
evaluation. One shortcoming of the FEWN and Emergy synthesis
strategies is the missing incorporation of social aspects into the
methodology. This metric, however, is regularly utilized in resiliency
and resiliency and sustainability strategies. Interestingly, no energy or
water metrics are used in resilience and sustainability assessment
strategies. Similarly, no implications of system solutions to the water
system are incorporated in Energy Synthesis. This highlights the
missing interconnection of food systems to other resource supply
systems for a holistic sustainability and resiliency evaluation outside
FEWN strategies. Overall, Figure 10 underlines the complexity and
the potential multiplicity of food system sustainability and resilience.
In addition, a divergence, i.., missing consistency, among
sustainability and resiliency assessment strategies could be identified.
Therefore, once again, we can identify the absence of defined good
practices for the assessment of resiliency and sustainability of food
systems which can facilitate to close these identified gaps.

4.3 The adoption of the concepts of
sustainability and resilience in food
systems

To address the third research question — What is the regional and
scale-based distribution of case studies that have adopted sustainability
and resilience quantification in food systems, and what unique features
do these case studies exhibit? —this section highlights the global scope
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Utilization of identified metrics with regards to each scale.

of the analyzed literature. The case studies within the examined  strategies of suggested frameworks, i.e., translate their work into real-
literature spanned over 121 countries worldwide, underscoring the ~ world action. In turn, the remaining 20 publications focus on pushing
global significance and collective efforts dedicated to transformation  the boundaries of theoretical frameworks, such as developing novel
initiatives. As previously mentioned, 92 publications present adoption  agri-food supply chain mapping strategies (Ivo de Carvalho et al,
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TABLE 2 Categorization of identified quantification methods to assess resilience and sustainability of food systems by theme.

Categorization of quantification

methods

Sustainability impact assessment

Examples of representative strategies

o Determinants of adoption
« Open soil index

« Content validity index

Reference examples

Sunny et al. (2022)
Ros et al. (2022)

Cavalleri et al. (2022)

« Environmental Cost Indicator

Falcone et al. (2022)

LCA « Social LCA Varela-Ortega et al. (2022)
« Circular-based sustainable key performance indicators Kumar et al. (2022)
« Modeling and Optimization Sun et al. (2022)
FEWN  Analytic Hierarchy Process Nhamo et al. (2020)
« Input-Output Analysis Fabiani et al. (2020)
o Emergy indicators David et al. (2022)
Emergy Synthesis « Emergy accounting Shrestha et al. (2021)

« Emergy-data envelopment analysis

Mwambo (2023)

Resilience assessment

« Ecosystem services assessment

« Farming system resilience assessment framework

Social-ecological resilience indicators

Ciftcioglu and Gulay. (2022)
Perrin and Martin (2021)

Panpakdee et al. (2021)

Sustainability & resilience assessment

Participatory integrated assessment

Paas et al. (2021)

2022) or a multi-objective programming approach for the agricultural
FEWN in a random environment (Li et al., 2019). The following
section focuses on all publications presenting adoption strategies to
analyze research advances of sustainability and resilience in food
system practices.

The distribution of resilience and sustainability practices of food
supply systems is visualized in Figure 11 (left). Zooming into the
Mediterranean Basin, a notable concentration of case studies emerges
in Spain, France, Italy, Greece, and Turkey. These countries are
considered a part of Europe’s breadbasket and thus, these endeavors
are interconnected with the continuous initiatives led by the European
Commission to transform food systems and achieve food security,
notably as part of the Green Deal and Farm to Fork Strategy. However,
a scarcity of studies is prominent in the rest of the Mediterranean
Basin, even though it is a recognized hotspot for climate change,
confronting significant water scarcity challenges and agriculture is
considered a major contribution to the GDP of each country.

These observations can be further analyzed by examining the
frequency of case studies across different continents, as illustrated in
Figure 10 (right). This distribution highlights the locations
investigated, with Australia and Antarctica being the only ones not
covered. Interestingly, global analyses are relatively rare, which is
surprising given the prominence of global supply chains and their
disruption during the COVID-19 pandemic. Europe is the most
studied continent in terms of the transformation fronts, which
correlates with the location of the institutions researching these
topics the most (Italy). A multi-continental investigation, i.e., Asia
and Europe together (Eurasia), has only been studied in two
publications. Indeed, only North and South America separately and
not together have been studied, underlining the scarcity of multi- or
inter-continental studies. Therefore, we can postulate that a multi-
continental analysis, i.e., North and South America together, Africa
and Asia, or around the Mediterranean Sea (Asia, Africa, and Europe)
should be investigated in more detail. Indeed, water bodies such as
the Mediterranean Sea, Red Sea (Africa — Asia), or Gulf of Mexico
and Caribbean Sea (North America - South America) can potentially
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facilitate these future investigations as a potential basin for food
systems sustainability and resiliency across continents.

These previous observations regarding the location under
investigation are mirrored in the scales of the identified studies, as
shown in Figure 12. The farm level is the most employed scale,
whereas the household level is the least utilized scale. Intuitively, this
is conclusive since the focus of the identified literature is food system
resilience and sustainability. On the contrary the scarce investigation
of supply chains and the utilization of global scales raises concerns
post COVID-19 and can be identified as a significant research gap.

Figure 13 analyzes sustainability studies based on the identified scale
and location of investigation. For each location, various scales have been
utilized: multi-continent studies primarily compare urban food supply
systems, while global investigations focus on supply chains, farm-level
comparisons, and general global scales. Notably, in Europe and South
America, the farm level is the most investigated scale, while in Asia, the
regional scale is predominant. Africa shows an equal distribution across
national, regional, local, and farm levels, and North America features a
balanced focus on supply chain, farm, and crop levels. This variability
underscores a shifting focus depending on the location of case studies,
potentially influenced by the cultural backgrounds of research
institutions and the evolving research fields addressing these challenges.
This variability could signify differing regional priorities and research
needs. It might reflect varying levels of infrastructure, resources, or
policy focus in different regions. For instance, regions with advanced
agricultural practices might focus more on farm-level studies, while
those with significant supply chain issues might prioritize supply chain
analyses. Additionally, it could indicate diverse responses to local
challenges and opportunities in food system sustainability.

Similar to Figures 13, 14 (left) depicts the identified scales and
locations for resiliency studies. One key observation is the reduction in
number of studies and diversity of scales from changing study focus
from sustainability to resilience. For Asia an equal share of farm and
crop level studies can be seen. In turn, Europe has been analyzed more
from a farm level than a national perspective, as was the case for
sustainability studies, and North America has only been studied in
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FIGURE 9
Utilized quantification strategies per respective scale (top) and location (bottom).

terms of regional boundaries. It is surprising that for resilience studies
of food systems no global, multi-continental or supply chain scales have
been used. Lastly, Figure 14 (right) summarizes the scales and locations
of resiliency and sustainability studies. As before, the number of studies
and diversity of scales further reduces by combining a resilience and
sustainability focus. Both concepts together have only been investigated
based on a national or farm level scale. The reduction in scale diversity
and the focus on national or farm-level studies for resilience and
combined resilience-sustainability research may reveal underlying
methodological constraints or data limitations. Additionally, the notable
absence of global and supply chain analyses highlights a significant
research gap that could impact the development of comprehensive
strategies for enhancing food system resilience and sustainability on a
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broader scale. Addressing these gaps through interdisciplinary
approaches and improved data collection could provide a more holistic
understanding and better inform policy and practice.

5 Discussion

The analysis reveals significant variability in how sustainability
and resilience metrics are applied across scales, regions, and thematic
categories. While environmental and economic metrics dominate the
literature, social, cultural, and governance indicators are notably
underrepresented, reflecting a persistent gap in holistic assessments.
Despite significant advances in understanding resilient and sustainable
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food systems, several gaps and limitations persist in the current
approaches to quantification. One major gap is the lack of coherent
and standardized metrics for assessing resilience (Fanzo et al., 2021;
Melesse et al., 2020). This imbalance underscores the need for more
integrative frameworks that move beyond traditional environmental-
economic evaluations to include social equity, institutional capacity,
and community engagement as core dimensions of food system
sustainability Additionally, the
methodological diversity highlights a fragmented landscape where no

and resilience. observed
single quantification approach has achieved widespread adoption. The
frequent use of sustainability impact assessments and LCA suggests a

preference for adaptable methods, yet the limited application of

Frontiers in Sustainable Food Systems

cross-sectoral frameworks like FEWN points to missed opportunities
for integrated resource management.

The uneven geographic distribution of case studies further reveals
disparities in research focus and institutional engagement. Regions
facing critical food system vulnerabilities, such as parts of Africa and
Asia, remain underrepresented despite their exposure to systemic
shocks. Expanding research efforts in these contexts, supported by
localized data collection and participatory research designs, could
ensure more inclusive and globally representative assessments.
Advancing such efforts is essential for creating transferable metrics
that can inform global policy frameworks while respecting
local complexities.
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The transformation of food systems involves complex challenges
in quantification, ideally requiring an integrated approach that
captures all dimensions of sustainability and resilience across various
components and timeframes, with input from relevant stakeholders
and policies (Paas et al., 2021). However, implementing such a holistic
approach results in complex, multi-scale models that often face issues
with transferability and applicability. Simplifying these systems
through model reduction techniques and carefully selecting key
quantification metrics is therefore essential. A significant challenge is
accurately assessing the impact of different scales on system
performance. The unpredictability of shocks and disruptions, such as
pandemics or geopolitical conflicts, further complicates this process
(Béné, 2020; OECD, 2021). These events often introduce variables that
the original models were not designed to handle, underscoring the
need for adaptive models that can incorporate unexpected disruptions.
The European Union’s Farm to Fork Strategy, for example, provides a
roadmap for building sustainable and resilient food systems by
integrating environmental, economic, and social dimensions. It
underscores the importance of integrated, science-based, stakeholder
engaged solutions in driving sustainable food system transformation.

Household Level
Crop Level
Farm Level

Local
Urban

Regional

Scale under Investigation

Supply Chain Level
National

Global

15
Number of Publications

20 25 30 35

FIGURE 12
Identified number of publications per scale under investigation.

10.3389/fsufs.2025.1479691

The strategy sets ambitious targets, such as reducing the environmental
footprint of food systems, including a 50% reduction in pesticide use,
cutting nutrient losses by at least 50%, and ensuring that 25% of
agricultural land is under organic farming by 2030. It also emphasizes
fair economic returns for farmers, reducing food waste, and promoting
healthy diets. Stakeholder engagement is central to its implementation,
promoting cooperation across the entire food value chain to ensure
inclusive and adaptive decision making (European Commission, 2020).
Life Cycle Assessment (LCA) and Food-Energy-Water Nexus
(FEWN) approaches present promising methods for addressing these
challenges. LCA is effective for sustainability assessments, while
FEWN provides valuable insights into resilience. However, the
absence of standardized practices for integrating these methodologies
leads to inconsistent quantification of resilience and sustainability,
even when research objectives are similar. Timing and applicability of
measurements across the food supply system pose additional
challenges. Policies and decisions that impact the food system can
have delayed effects, making it difficult to align measurements with
current conditions. This lag highlights the need for adaptive and
forward-looking approaches in policy-making that account for the
inherent uncertainty and complexity of food systems. Addressing
these limitations may benefit from a co-creation approach, involving
stakeholders in the design and implementation of resource supply
systems to enhance both sustainability and resilience. Understanding
local contexts and engaging with relevant stakeholders to identify and
apply appropriate metrics is crucial for effective transformation. Such
approaches can help mitigate the negative effects of cascading policies
and ensure more responsive and adaptive food system strategies.
Based on the performed analysis, we highlight in the following
some remaining gaps and recommendations toward addressing them:

o Figures 7, 8, 10 highlight the divergence in definitions and
metrics for sustainability and resilience which reflect a broader
challenge in the field, where inconsistencies and varying
interpretations complicate effective assessment and comparison.
Notably, there is a substantial disparity in the volume of studies,

FIGURE 13
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with significantly more research focusing on sustainability
compared to resilience. The divergence can create significant
conflicts in the practical application of metrics. Different metrics
often prioritize varying aspects of food systems—such as
productivity, environmental sustainability, or social equity—
which can potentially lead to conflicting policy recommendations
or interventions. For instance, metrics focused on maximizing
productivity may directly conflict with those aimed at promoting
environmental sustainability or advancing social equity. The lack
of consensus also creates challenges in tracking progress,
comparing different food systems, and setting evidence-based
policy goals. This divergence impedes the formulation of
coherent interventions as policymakers lack a unified framework
for evaluation and goal setting. On the other hand, the absence
of context-specific metrics—developed through stakeholder
engagement and systems thinking—hinders the creation of
tailored policies that can address the complexity and
interconnected nature of food systems. Working toward
establishing a globally recognized framework that integrates core
sustainability and resilience indicators while allowing flexibility
for context-specific adaptations, could enhance comparability
Such a should
be co-developed through transdisciplinary collaborations

and cross-case learning. framework
involving researchers, policymakers, and practitioners from
diverse regions and sectors. Such framework should prioritize
harmonized definitions yet with flexibility in selecting
contextually relevant metrics. Our mapping of available metrics
in this paper offers an example of commonly used metrics to
select from. On that front, research funding agencies can also
play a role in proposing guidelines that can encourage the use of
harmonized frameworks and interdisciplinary methodologies.
Establishing repositories of standardized datasets and best-
practice case studies could further support this endeavor, further
allowing for knowledge exchange and accelerating progress
toward replicable assessments of sustainable and resilient
food systems.

Adopting a systems approach is essential for effective food system
transformation (Fanzo et al., 2020; FAO, I[FAD, UNICEE, WEP,
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and WHO, 2021). Such approach considers the interconnections
and feedback loops between different components of the food
system, allowing for a holistic understanding of how changes in
one area impact others. By addressing the system as a whole
rather than in isolated parts, researchers and policymakers can
develop more integrated and sustainable strategies that address
both immediate challenges and long-term goals.

The inherent complexity of food systems, characterized by their
multifaceted interactions and dependencies, underscores the
need for interdisciplinary research collaborations. Integrating
expertise from environmental science, economics, social
sciences, and engineering is crucial to developing comprehensive
metrics that accurately reflect the diverse dimensions of food
systems. Such collaborations can help create representative
metrics that capture the interplay between various factors and
ensure that assessments are robust and applicable across
different contexts.

Including stakeholders, particularly farmers, in the process of
metrics identification is vital for developing relevant and practical
measures. Farmers, as primary actors within the food system,
possess critical insights into the realities of agricultural practices
and the impacts of various metrics on their operations. Engaging
them in the development of metrics ensures that the measures
are grounded in practical experience and effectively address the
challenges faced at the operational level, leading to more
actionable and impactful outcomes. In the Argentine Chaco dry
forest, for example, stakeholders, including agribusiness actors,
co-produced sustainability indicators to balance agricultural
production with conservation. This participatory approach
facilitated the development of an online decision-support
platform, which integrates social-ecological considerations into
sustainable land-use planning (Piquer-Rodriguez et al., 2024).
Figures 13, 14 indicate a focus on local and farm-level scales, with
minimal application that cover the global or supply chain
dynamics. This gap is particularly concerning in the context of
disruptions like COVID-19, which highlighted the vulnerabilities

of supply
interdisciplinary frameworks that link local production with

interconnected  global chains.  Adopting
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TABLE 3 Summary of gaps, implications, and recommendations.

Gaps
Divergence in definitions and metrics for

sustainability and resilience.

Implications

Inconsistencies complicate effective

assessment, comparison, and policymaking.

10.3389/fsufs.2025.1479691

Recommendations

Establish a globally recognized framework integrating core sustainability and
resilience indicators with flexibility for context-specific adaptations, co-

developed through transdisciplinary collaborations.

Disparity in the volume of studies focused

on sustainability versus resilience.

Lack of balance in the research focus may
skew policy recommendations and practical

interventions.

Encourage more research on resilience through targeted funding initiatives

and interdisciplinary methodologies to balance the focus.

Conflicting policy recommendations due to
varying priorities in metrics (e.g.,

productivity vs. sustainability vs. equity).

Conflicts in priorities can hinder the
development of coherent and effective

interventions.

Develop harmonized definitions and metrics while allowing for region-specific

adaptations.

Absence of context-specific metrics,
particularly those developed through

stakeholder engagement.

Policymakers lack tailored solutions to
address the local complexities and

interconnected nature of food systems.

Promote the development of context-specific metrics through stakeholder

engagement and systems thinking.

Limited application of metrics at global or
supply chain levels, with focus mainly on

local/farm scales (mostly production).

Failure to address the broader scale of
global supply chains, especially in the face
of disruptions like COVID-19.

Adopt interdisciplinary frameworks linking local production with global

market dynamics to strengthen resilience in food systems.

Lack of consistency in quantification
methodologies across the field (e.g., LCA,
FEWN).

Divergent results from inconsistent
methodologies hinder the reliability and

comparability of research outcomes.

Promote the standardization of methodologies, critically examine the factors
influencing the dominance of certain methods (e.g., LCA), and develop

integrated approaches for sustainability and resilience.

Limited stakeholder involvement,
particularly farmers, in the development of

metrics.

Metrics may fail to reflect practical realities
and operational challenges within the food

system.

Involve farmers and other key stakeholders in the development and selection
of relevant, practical metrics to ensure they address operational challenges

effectively.

Lack of repositories for standardized

datasets and best-practice case studies.

Knowledge exchange is hindered, delaying

progress toward replicable assessments and

Establish repositories for standardized datasets and best-practice case studies

to facilitate knowledge exchange and accelerate progress toward consistent

standardized practices.

assessments.

global market dynamics would enhance the capacity of food
system research to inform resilient and sustainable supply
chain management.

Regarding quantification methodologies, there is a notable lack of
consistency across the field, Figure 10. While methodologies such
as Life Cycle Assessment (LCA) and the Food-Energy-Water
Nexus (FEWN) show considerable potential, their application
remains uneven. LCA has proven particularly effective for
sustainability assessments, offering detailed insights into
environmental impacts. In contrast, FEWN is more commonly
used to measure resilience, providing a framework for
understanding system interactions and vulnerabilities. However,
the absence of best practices leads to divergent results, even when
addressing similar research objectives. We recognize the
importance of a more critical examination of why certain
methodologies, like LCA, dominate the field. Gaining a better
understanding of factors such as methodological accessibility, data
requirements, and the alignment of these approaches with specific
food system goals could shed light on their prevalence and utility.
We encourage the investigation of these underlying factors and to
work toward developing more integrated and standardized
methods for assessing both sustainability and resilience in food
systems. Such efforts would support a more cohesive, reliable
framework for future research and policymaking.

Table 3 summarizes key gaps identified in the literature, their

implications for food system research and policymaking, and
corresponding recommendations to address these challenges. It
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provides a structured overview to guide future efforts in enhancing
the consistency, relevance, and applicability of sustainability and
resilience metrics in food systems.

6 Conclusion

This review emphasizes the urgent need for the development of
more systematic and comprehensive approaches to quantification
regarding sustainability and resilience of food systems. While these
dimensions are increasingly gaining recognition, current metrics
remain highly fragmented, and there is substantial variability across
definitions, methodological frameworks, and scales of analysis. The
review indicates that in most studies, the dimension of sustainability
is emphasized instead of resilience, with a very limited integration of
both. Furthermore, the observed emphasis on local and farm-level
analyses, together with the shortage of global and supply chain-
focused research, underlines a critical research gap that hinders the
understanding of systemic vulnerabilities in interconnected food
systems, such as those posed by global crises like COVID-19 or
geopolitical conflicts like the Russia-Ukraine war. A key insight arising
from this review is the need to balance developing harmonized
frameworks with preservation of flexibility for context-specific
metrics. On one hand, standardization allows comparability, cross-
case learning, and informs global policy frameworks. On the other
hand, rigid application of universal indicators risks overlooking
unique socio-economic, environmental, and institutional contexts in
which food systems operate. The co-development of metrics by
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participatory processes involving a diverse set of stakeholders at
different levels, from policymakers to researchers, practitioners, and
local communities, could provide such a balance. These collaborative
efforts will ensure that metrics are scientifically robust yet contextually
relevant and actionable.

Methodological approaches such as LCA and the FEWN
framework emerge as promising tools to assess sustainability and
resilience, respectively. However, inconsistent application of these
methodologies across studies points to the need for clearer best-
practice guidelines. Establishing a globally recognized framework that
integrates core sustainability and resilience indicators while
accommodating regional and contextual differences could reduce
fragmentation. In this context, research funding agencies can play a
pivotal role by incentivizing interdisciplinary projects and supporting
the development of standardized data repositories and open-access
databases for cross-study comparability. Further strengthening of the
evidence base will be achieved by expanding research efforts toward
underrepresented regions and the adoption of multiscale approaches,
from local to global supply chain analyses. The integration of insights
from these wider contexts will enable the elaboration of more adaptive
and inclusive policy frameworks that can respond to both immediate
shocks and long-term challenges. Ultimately, moving toward more
sustainable and resilient food systems will require a twofold
commitment: standardization of metrics where possible, combined
with the unleashing of innovation through context-sensitive
approaches fitted to diverse food system realities. This integrative
vision can help bridge the persistent gaps in food systems research and
guide transformative action toward more resilient, sustainable, and
equitable global food systems.
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