& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Vassilios D. Litskas,
Independent Researcher, Lefkosia, Cyprus

REVIEWED BY

Raquel Ajates,

Universidad Nacional de Educacion a
Distancia (UNED), Spain

Gonzalo A. R. Molina,

Instituto Nacional de Tecnologia
Agropecuaria (INTA)—Instituto de
Investigacion y Desarrollo Tecnologico para
la Agricultura Familiar (IPAF) Patagonia,
Argentina

*CORRESPONDENCE
Mary Crossland
m.crossland@cifor-icraf.org

RECEIVED 28 July 2024
ACCEPTED 06 February 2025
PUBLISHED 25 February 2025

CITATION

Crossland M, Coe R, Lamanna C,

Chiputwa B, Orero L, Adoyo B,

Kumar S, Mwangi VM, Anyango E, Fuchs LE,
Kuria A and Geck M (2025) Measuring the
holistic performance of food and agricultural
systems: a systematic review.

Front. Sustain. Food Syst. 9:1472109.

doi: 10.3389/fsufs.2025.1472109

COPYRIGHT
© 2025 Crossland, Coe, Lamanna, Chiputwa,
Orero, Adoyo, Kumar, Mwangi, Anyango,

Fuchs, Kuria and Geck. This is an open-access

article distributed under the terms of the
Creative Commons Attribution License

(CC BY). The use, distribution or reproduction

in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Sustainable Food Systems

Frontiers in Sustainable Food Systems

TYPE Systematic Review
PUBLISHED 25 February 2025
pol 10.3389/fsufs.2025.1472109

Measuring the holistic
performance of food and
agricultural systems: a systematic
review

Mary Crossland*, Ric Coe'?, Christine Lamanna?,

Brian Chiputwa?, Levi Orero?, Beatrice Adoyo?, Sandhya Kumar?,
Victor Mutugi Mwangi?, Edith Anyango?, Lisa Elena Fuchs?,
Anne Kuria®' and Matthias Geck*

'World Agroforestry (CIFOR-ICRAF), Nairobi, Kenya, ?Statistic for Sustainable Development (Stats4SD),
Reading, United Kingdom, *International Center for Tropical Agriculture (CIAT), Nairobi, Kenya

Measuring the performance of food and agricultural systems is critical for their
transformation towards a sustainable, healthy, and resilient future. To guide decisions
and ensure agrifood systems deliver multiple functions, a holistic systems perspective
is needed. Previous reviews of assessment approaches have focused primarily on
the farm level and have been limited in their scope and definition of what it means
to be holistic. In this review, we describe and evaluate 206 approaches based on
four key characteristics of holistic systems assessment: (1) measuring multiple
dimensions of performance, (2) integrating multiple stakeholder perspectives, (3)
evaluating emergent system properties, and (4) collecting and presenting data in ways
which reveal interactions, synergies, and trade-offs, so that they can be understood
and considered when designing solutions. We find that there is recognition of the
need for holistic assessment and a growing number of assessments are published
each year. However, many assessments limit themselves to examining multiple
dimensions of performance, neglecting the remaining three key characteristics
of holistic assessment. While a systemic perspective is often acknowledged as
important, only 14% of assessments considered synergies and trade-offs between
metrics and 26% addressed emergent system properties. There is a trend toward
more systemic framings such as agroecology and the inclusion of emergent
properties. We conclude that there will never be one assessment approach that
will work for everyone, can measure everything, and be used everywhere because
of the diversity of agrifood systems and assessment objectives. Improving holistic
assessment of agrifood systems is not a question of improving existing assessments.
The gap to be addressed is the lack of methods for designing effective holistic
systems assessments. This gap can be closed by providing clear guidance on how
to navigate the abundance of existing approaches and develop assessments that
meet specific needs. A meta-framework for guiding the development of holistic
systems assessments, proposed in this review, can offer such guidance.
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1 Introduction

Food and agricultural (agrifood) systems—the ways we produce,
distribute and consume food—are among the leading drivers of
human impact on our environment (Rockstrom et al, 2020).
Agriculture occupies 38% of the earth’s land area (Ramankutty et al,
2008), while our global food system is responsible for 21-37% of
global greenhouse gases (Mbow et al., 2019), contributes to the loss of
natural habitats and biodiversity (Zabel et al., 2019), and uses more
water than any other human activity (FAO, 2011), yet still often fails
to provide a healthy diet for all (Nature Food, 2023). Transforming our
food systems globally offers powerful routes to addressing multiple
global challenges simultaneously and contributing to the achievement
of the United Nations Sustainable Development Goals (SDGs), both
those directly related to food and others (Fanzo et al., 2021; Schneider
etal., 2023).

The central role of agrifood systems in global challenges has
prompted the development of innovative approaches such as
regenerative agriculture, sustainable intensification, organic
agriculture, and agroecology, which are gaining traction. Each of these
approaches articulate and promote different principles and practices
but share the common goal of fostering transitions towards more
sustainable agrifood systems that can deliver both human and
planetary health (HLPE, 2019). Currently these approaches account
for only a small proportion of total agricultural production worldwide
and questions remain whether such approaches can feed a growing
population whilst preserving nature (Giller et al., 2021). There is
particular scepticism about the productivity and profitability of
approaches such as agroecology and regenerative agriculture, and
consequently their potential to contribute to poverty alleviation for
smallholder farmers and rural communities (Muhumuza, 2023).
There are also questions as to whether some principles behind these
approaches, such as input reduction, are universally applicable,
especially for smallholder farmers in sub-Saharan Africa (Falconnier
et al,, 2023). We thus need better evidence on how agrifood systems
can support better diets and resilient livelihoods while maintaining
biodiversity, avoiding climate change and land degradation, and the
tradeoffs between them (Geck et al., 2023).

Measuring the multifunctional performance of food and
agricultural systems is widely seen as a necessary step in enabling
agrifood systems transformation (Namirembe et al., 2022; Pope et al.,
2004; Yakovleva, 2007; Zou et al., 2022). However, the complexity of
agrifood systems means that measuring their performance is not easy,
and common practice has been to measure a narrow set of indicators
that are mainly focused on productivity and economic performance
(Aliand Perna, 2021). Yet, sustainable approaches to agrifood systems,
such as agroecology, aim to provide environmental and social benefits
not just economic ones thus “to assess them only in short-term
production or economic terms misses the whole point of the approach.
Likewise, assessing conventionally intensified systems without
including their longer-term social and environmental effects leads to
degradation of those aspects” (Lamanna et al., 2024:1). Through
conducting holistic assessments of agrifood systems, a level playing
field for comparing the performance of alternative approaches can
be created, helping policymakers, donors, development actors, and
producers to make informed decisions.

The need for measuring multifunctional performance of agrifood
systems has led to a proliferation of indicator-based assessment
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methods, particularly in relation to sustainability (Riley, 2001; Soulé
et al., 2021). These assessment methods have the common aim of
seeking to measure the multiple effects of food production, not just
economic impacts, and typically use the concept of the ‘triple bottom
line’ as their conceptual foundation. This concept refers to “the
intersection between environment, society and economy” (Chopin
et al, 2021; Giddings et al., 2002:187) or “planet, people, profit”
(Miller, 2020), typically articulated in a combination and distinction
of environmental, economic, and social domains or dimensions. To
help people navigate the diversity and abundance of assessment
methods, several authors have attempted to describe, classify and
compare available methods and tools based on characteristics such as
their purpose, dimensions addressed, methods used, complexity, and
stakeholder involvement (Binder et al,, 2010; Chopin et al., 2021;
Coteur et al., 2020; de Olde et al., 2016; Douxchamps et al., 2017).
These past reviews reveal that:

1. While assessments used to focus on a single dimension of
performance in isolation, there has been a shift towards a more
holistic and integrated approach. Multiple dimensions are now
considered, including social and economic dimensions
alongside the environmental (Ali and Perna, 2021; Binder et al.,
2010; Coteur et al., 2020; Song et al., 2020).

2. Many assessments lack the involvement of those with an
interest in using the resulting data in their development and
application (Gharsallah et al., 2021; Zou et al., 2022).

3. Assessment approaches and tools are diverse. They differ in the
dimensions and themes addressed along with their objectives,
metrics, and intended users, reflecting the diverse perspectives
on agrifood systems sustainability (Binder et al., 2010). A
major conclusion from past reviews is thus that there is no
one-size-fits-all assessment tool (Alroe et al., 2016; Bonisoli
et al, 2018; Marchand et al, 2014; Nadaraja et al., 2021;
Schader et al., 2014).

In this review, we build on this literature and evaluate agrifood
systems assessment methods to identify the gaps and opportunities for
more holistic evaluation so as to better support food systems
transformation. As far as we are aware, ours is the most extensive review
of holistic systems assessments conducted in terms of the number of
assessments, dimensions covered, scales considered and geographic
scope. Although past reviews provide useful guidance on the strengths
and weaknesses of different approaches, the majority of reviews have
focused on a limited number of popular and widely used tools such as
RISE (Hani et al.,, 2003), SAFA (FAO, 2014), IDEA (Zahm et al., 2006)
and PG Tool (Gerrard et al.,, 2011). Chopin et al. (2021) have argued this
risks overlooking the local development of assessment tools and those
described within the academic literature. Further, most reviews focus
on farm-level assessment tools (Alaoui et al., 2022; Arulnathan et al.,
2020; Bonisoli et al., 2018; Coteur et al., 2020; de Olde et al., 2016; i.e.,
Marchand et al., 2014; R60s et al., 2019; Slitmo et al., 2017) or those
developed for a specific geography or farming system (e.g., Streimikis
and Balezentis, 2020 focuses on the European context). We aim to
evaluate the extent to which current assessments adequately capture the
holistic performance of agrifood systems based on a much broader
definition of holism than past reviews.

It is widely acknowledged that integrated, holistic systems views
are needed to understand the nature, functioning, and performance
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of food and agriculture systems (Slitmo et al., 2017). Many reviews
state the importance of agrifood assessments being ‘holistic’ or
‘integrated;, yet most authors fail to clearly define what they mean by
these terms (e.g., Talukder et al., 2020; Streimikis and BaleZentis,
2020). When authors do define ‘holistic; it is typically in reference to
an assessment that considers multiple dimensions of sustainability,
namely economic, social and environment (Coteur et al., 2020; de
Olde et al., 2016; Marchand et al., 2014; Pope et al., 2004). Others may
refer to holism and holistic assessment yet do not define them and it
is implicit from their reviews that they refer to holism in terms of
multidimensionality (Binder et al., 2010; Wohlenberg et al., 2020; Zou
etal., 2022).

Multi-dimensionality is one important characteristic of holistic
assessment. Recognising that a holistic approach is more than just
measuring multiple dimensions in isolation, Lamanna et al. (2024)
propose three additional characteristics that are important to include
in a holistic assessment of agrifood systems. Below we describe these
additional characteristics and their rationale.

1. The assessment “is conducted from multiple perspectives — as
different actors in the system and users of the data are likely to
assess system performance differently” (Lamanna et al., 2024:7).
While most reviews frame holism in terms of measuring multiple
dimensions, some consider holism to include the consideration
of multiple stakeholder perspectives or performance at multiple
levels of the system (Song et al., 2020; Talukder et al., 2020).
Including multiple perspectives acknowledges that different
actors possess unique connections to and understandings of
agrifood systems, which in turn influence their decision-making
and behaviors (Song et al., 2020). Moreover, some aspects of
system performance are inherently subjective and depend on the
observer. A claim to holism should therefore include the
assessments of different people. While it is impossible to include
all people and perspectives, an assessment claiming to be holistic
must go beyond a single viewpoint. By doing so, holistic
assessments can better account for the various ways in which
different actors perceive and value system performance. This
multi-perspective approach is most relevant for developing
effective and inclusive policies that reflect the complex interplay
between human values, behavior, and agrifood system
performance (Song et al., 2020).

2. The assessment “generates insights into synergies and trade-offs
in the system” (Lamanna et al., 2024:7). Agrifood systems are
complex adaptive systems with interdependencies and
interactions between social, economic, environmental, and
political factors with feedback loops and nonlinearities
(Prosperi etal., 2016). Working with complex adaptive systems
where multiple components or parts interact and influence
each other needs a holistic approach that considers these
multiple aspects and dimensions. Yet what distinguishes a
system from a collection of parts are the interactions and
interdependencies between parts (Betley et al., 2021; Tittonell,
2023). This is why we cannot just look at multiple dimensions
in isolation, instead we must also consider the interactions
between them. As defined by Lamanna et al. (2024), a holistic
assessment of system performance uses metrics and presents
data in ways that reveal complexity, nuance, and trade-offs, so
that they can be understood and considered when using results.
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Lamanna et al. (2024:7) also note, “synergy and trade-offs are
not usually measured directly, but inferred during data analysis
and interpretation. However, the intention to interpret data in
this way has implications for the ways data are collected”.

3. The assessment “includes assessment of emergent properties
that only appear at, or are defined at, the level of the system as
a whole” (Lamanna et al., 2024:7). This characteristic, like the
one before, is rooted in systems thinking and the understanding
that agrifood systems are complex and adaptive, comprising
numerous interconnected elements across various scales. As
defined by Lamanna et al. (2024:7), “emergent properties of a
complex system are properties of the system as a whole that are
not properties of the constituent parts” An example of an
emergent system property is resilience (Prosperi et al., 2016)—
“the ability of a system and its component parts to anticipate,
absorb, accommodate, or escape from unacceptable standards
of living due to the effects of a hazardous event, in a timely and
efficient manner” (Douxchamps et al., 2017:11). Other
examples include circularity, justice and sustainability. Systems
theory highlights the importance of assessing such properties
because they influence the overall functionality, adaptability,
and stability of the system (Meadows, 2008). By assessing
emergent properties such as resilience, we can better
understand system-level outcomes and how agrifood systems
adapt to disturbances and maintain their essential functions in
the face of change. As Lamanna et al. (2024:7) note, “evidence
on these aspects may be assembled from evidence on each of
the separate dimensions but will need some additional
assessments that would not be included if we were only
interested in some of those individual dimensions”

These additional characteristics were based on the idea that, while
being ‘holistic’ implies assessing the whole system, it is never possible
to measure ‘everything, and choices must be made. However, a holistic
assessment is not only one that measures a lot of different indicators,
any of which might be measured in a more narrow assessment. These
were identified by Lamanna et al. (2024) as three characteristics that
extend the scope of an assessment beyond one that simply includes
many indicators.

Taking a holistic systems perspective is necessary for the
management of systems so that they provide all services expected and
or better avoid negative consequences. Adaptive system management
(for improved outcomes) is often the reason why people collect data
and assess systems. It is said in relation to agrifood systems assessment,
“only what gets measured gets management” (Linder et al., 2017;
Rocchi et al., 2021). Primary purposes of collecting data are to
determine if things are improving or getting worse, to help formulate
policies, and to inform management decisions. Consequently, only
those aspects that are measured, and thus managed, will improve over
time—those that are not measured and thus remain unmanaged, may
either improve or decline, irrespective of our goals (Stiglitz et al.,
2018). Using a clear definition of holistic will move systems assessors
closer to their goals and clearly stating the characteristics of holism
means there is a greater chance of achieving holistic assessment.

In this review, we extend and apply a framework developed by
Binder et al. (2010) and adapted by Chopin et al. (2021) to describe
and evaluate 206 holistic systems assessments. This framework was
originally developed for evaluating sustainability assessments and has
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since been widely used and adapted (Bonisoli et al., 2018; Chopin
et al,, 2021; de Olde et al., 2016; Marchand et al., 2014). Here,
we extend this framework to include all four characteristics of holism
outlined by Lamanna et al. (2024) — multiple dimensions, multiple
perspectives, synergies and trade-offs, and emergent properties. While
Lamanna et al. (2024) aims to provide a stepwise approach and design
principles for developing a holistic systems assessment, in this review
we use their framing of holism as an additional lens through which to
evaluate existing assessments.

2 Methods
2.1 Search strategy

To identify existing holistic assessments, we searched two online
databases: Web of Science (WoS) and CAB Abstracts. These two
databases were chosen because they are large, high-quality, relevant
databases and accessible to the research team. We explored these
databases using a search string with three main components. The first
component focused on terms relating to different sustainable agrifood
systems approaches (building on approaches identified in HLPE,
2019), the second concerned their application to agrifood systems,
and the third focused on terms relating to some form of assessment:
TI = (Holistic OR Socio-ecological OR Social-ecological OR
Sustainab* OR Agroecolog®* OR Agro-ecolog* OR Regenerat* OR
Organic OR Resilien* OR Climate-smart OR “Climate smart” OR
Diversified OR Ecological OR Agrobiodivers* OR Agro-biodivers*
OR Inclusi*) AND (Agro-ecosystem* OR Agricultur* OR farm* OR
“Food systems” OR “Food system”) AND (Framework* OR Tool* OR
Indicator* OR Metric* OR Assessment* OR Evaluat* OR Measur* OR
Monitor* OR Index* OR Indices).

To limit the number of articles retrieved and improve article
relevance, this search string was applied to the article title only. Article
language was set to English and document type was set to article,
review article, book or chapter. No restriction of year of publication
was set. All searches were conducted on the 28th of September 2022.
The database searches yielded 3,525 articles: 1,601 articles from WoS
and 1,924 articles from CAB Abstracts. These retrieved articles were
supplemented with holistic assessment methods already known to the
research team, resulting in an additional 13 assessments being added
to the review. Retrieved article data were imported into Mendeley
reference management software (Mendeley, 2022) and duplicates
removed before being exported to Rayyan (Ouzzani et al., 2016) — an
online platform for systematic literature reviews—for further
screening. Figure 1 provides an overview of the selection process using
a PRISMA (Preferred Reporting Items for Systematic reviews and
Meta-Analyses) flow diagram (Page et al., 2021). A total of 1,261
duplicate articles were removed and following the screening of
abstracts and full texts, a further 2,071 articles were excluded at
various stages, resulting in a final set of 206 assessments included in
the review.

Given our focus on holistic assessment, we excluded assessments
that did not assess all three dimensions — economic, environment and
social — thus failing to meet our first characteristic of holistic
assessment. In this review, we define ‘assessment’ or ‘assessment
method’ to include “the diversity of approaches used in the literature
(referred to as “approach,” “method,” “tool” or “framework”)” (Chopin
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etal, 2021:4) to assess the multifunctional performance of food and
agricultural systems. This includes one-off and routine monitoring
and performance data.

We discarded articles that were of poor quality or lacked sufficient
information on their methodology, were reviews of assessment
approaches, were irrelevant to agrifood systems, or were not deemed
to be performance assessments (e.g., papers focused on the adoption
rates of practices or suitability mapping). We also excluded ex ante
evaluations using simulation models. Further, given that our unit of
analysis was the assessment method, several articles referring to the
same assessment approach (e.g., three articles referred to the use of the
same approach) were treated as one entry in the final review.
We included assessments irrespective of the geographies (e.g., low- to
high-income countries, temperate, tropics), scale (plot, farm,
landscape, national etc.) and farming systems (small-scale,
commercial, pastoral etc.) for which they were developed.

The search and evaluation process used for the review was
effective in that it generated a large number of diverse assessments.
Importantly, the diversity of ways concepts such as sustainability and
social components have been included in assessments are represented
in our results and were not pre-determined by the search terms used.
Such a review can never be complete and we acknowledge that the
results are dependent on the decisions we made. For example,
assessments for which there are no references in English will not have
been captured. Likewise, assessments that aim to be holistic and
systems oriented but that do not use any of our search terms to
describe themselves will have been missed. As in most research
projects, there is a lag between collecting data and publishing results.
Our results should be complete up to time of data collection, but new
assessments or new versions of existing assessments published since
September 2022 have not been included.

2.2 Evaluation framework

Several frameworks have been developed for characterising and
evaluating agrifood systems assessments, each with their own focus.
While many focus on evaluating the characteristics of tools (e.g.,
Gasparatos and Scolobig, 2012; Schader et al., 2014), others have
focused on the process of tool development (e.g., de Olde et al., 2016)
or the implementation of assessment tools in terms of their ability to
inform strategic decision-making (e.g., Coteur et al., 2020). In our
review we extend and apply a framework developed by Binder et al.
(2010) and adapted by Chopin etal. (2021) (see Supplementary Table S1
for details of the variables used in this review).

The framework originally outlined by Binder et al. (2010) has
been widely adapted and used to review a range of characteristics and
assessment tools (Bonisoli et al., 2018; e.g., de Olde et al., 2016; Linder
etal, 2017). It was developed for evaluating sustainability assessments
based on three interlinked dimensions: normative, systemic, and
procedural (Binder et al., 2010). The normative dimension refers to
“how to assess whether the studied system is sustainable” and covers
aspects such as the goal of an assessment and underlying conceptual
framing and theory (Binder et al., 2010:73). The systemic dimension
refers to “whether a system is properly described by means of the set
of indicators used” (Binder et al., 2010:73). This includes aspects such
as the dimensions, themes and metrics used, which also fall under the
normative dimension, but also whether an assessment captures
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relationships between metrics and potential trade-offs and synergies.
Lastly, the procedural dimension covers “how the assessment was
:73). This includes the methods used
to collect data, the types of data collected, resource requirements and

carried out” (

the user-friendliness of the tool. A more detailed description of these
three dimensions and the rationale behind their associated variables
can be found in and .
Given our focus on holistic systems assessment, we drew on the
framework outlined by and its adaptation by
and extended it to include the four characteristics
of holistic assessment proposed by . In addition,
we collected general information regarding each assessment, such as
year of first publication, geographic focus, and whether they have been

widely promoted.

In the following section we structure our results around four main
sections. First, we provide an overview of the reviewed assessments in

Frontiers in

terms of their year of first publication, geographic focus and whether
they have been widely promoted. This is followed by sections
presenting findings on each of the three interlinked dimensions:
normative, systemic and procedural. The dataset produced by this
review is available online (see ).

3.1 Overview of assessments

3.1.1 Year of publishing

Over the past three decades, there has been an increase in the
number of holistic assessments published annually, with notable
growth after 2010 and peaks in 2020 and 2021 ( ). Possible
explanations for this trend include an increasing recognition of the
role agrifood systems play in addressing multiple, interconnected
global challenges, and achieving global goals such as the Millennium
Development Goals (2000-2015) and Sustainable Development Goals
(2015-2030). This recognition is underscored by the prominence of
agrifood systems in high-level discussions, including the first-ever
United Nations Food Systems Summit (UNFSS) held in 2021 and the
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Year of publication

Number of holistic agrifood systems assessments published annually between 1990 and 2022 (n = 205). Articles published in 2023 (n = 1) were
excluded as they do not represent a full year of publications and thus do not allow for fair comparison between years.

26th and 27th United Nations Climate Change Conference (COP)
held in 2021 and 2022, respectively (Schneider et al., 2023).

3.1.2 Geographic focus

Most assessments (87%) stated the geographic locations they
had either been developed for or conducted in.! A total of 73
individual countries were mentioned (Figure 3). The top five most
mentioned countries were India (27%), Italy (22%), China (21%),
Spain (16%) and Brazil (12%). India, China, and Brazil are among
the most populous countries in the world (World Bank Group,
2023), potentially explaining the high numbers of assessments from
these countries (i.e., more people, more research, more output). The
high level of output from these countries could also reflect high
levels of public interest in and government support for sustainable
agrifood systems. For instance, India has a strong organic farming
movement, and its government has launched several initiatives,
such as Paramparagat Krishi Vikas Yojana (national organic
agriculture scheme), to promote organic and sustainable
farming practices.

Of the 206 assessments reviewed, 13% (26) were developed with
the explicit intention of being globally relevant, albeit some of these
assessments focused on a specific type of farming systems. For
example, the Sustainable Intensification Assessment (SIA) developed
by Musumba et al. (2017) despite having been developed to be widely

1 Although some assessments were developed for use within a specific
country (e.g., Brazilian Multidimensional Index for Sustainable Food Systems
developed by de Carvalho et al.,, 2021), we recognise that many developers
hope for broad, perhaps universal, relevance and application of their

assessments, yet may test them in only one or two places.
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applicable, focuses on smallholder farming systems in low-and
middle-income countries.

3.1.3 Promoted tools

When reviewing assessments, we made a distinction between two
types of assessment: (1) promoted tools, that is, assessments developed
with the explicit intention of being used by other users, and (2)
non-promoted tools, that is, assessments developed for a specific
research objective or study without the explicit intention of developing
a tool for others to use, albeit we recognise that many researchers may
well hope others will employ their approach once published.”
We chose to make this distinction based on the hypothesis that
whether a framework is taken up depends not only on its inherent
strengths but also on whether it is actively promoted and the influence
of those promoting and supporting its use.

Of the 206 assessments reviewed, 30% (62) were classified as
promoted tools. Several of these tools, for example, RISE, SAFA, PG
Tool, IDEA and TAPE, regularly appear in past reviews of sustainable
and holistic assessment approaches (e.g., Binder et al., 2010; Chopin
etal, 2021; Roos et al., 2019). Of these 62 promoted tools, 77% (49)
had a formal name by which they were known (see
Supplementary Table 52). The most common tool developer was the
United Nations Food and Agricultural Organisation (FAO) with eight
named tools having been developed by the organisation, followed by

2 Assessments are likely to go through a process of development, from
identifying an issue, developing concepts, to piloting methods and
mainstreaming approaches. The reviewed assessments fall at different points
along this continuum, with our classification of ‘promoted tools’ representing

assessments at the later end of this spectrum.
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Country Frequency
India 20
Italy 16
China 15
Spain 12
Brazil 9
Iran 8
Kenya 8
Turkey 7
Frequency
20 Bangladesh 6
15 Belgium 6
10 UK 6
e USA 6
Germany 5
Indonesia 5
Benin 4
FIGURE 3
Global heatmap of countries the reviewed assessments had either been developed for and/or deployed in. The table to the right of the map shows the
top 15 most frequently mentioned countries (some assessments had been deployed in multiple countries).

Biovision Foundation for Ecological Development (Biovision) with
three tools.

3.2 Normative dimensions

3.2.1 Conceptual framing

The conceptual framing of an assessment is crucial as it informs
the choice of dimensions, themes, and metrics. It clarifies and helps
identify what matters and what to measure. Based on our reading of
assessment documentation, we deduced the main overarching
concepts on which each assessment was framed and recorded whether
authors explicitly used an existing conceptual framework from which
to design their assessment.

The main concepts used to frame assessments were that of
sustainability, followed by resilience, agroecology, and sustainable
livelihoods (Figure 4). In terms of trends over time, we see an increase in
the diversity of concepts and the emergence of more systemic framings
(i.e., resilience, agroecology, vulnerability) from around 2014 (Figure 4).

Many assessments, although framed around the concept of
sustainability, did not explicitly define sustainability in terms of the
system they were evaluating. Few provided definitions beyond the
simple ‘triple bottom lin€’ or generational view as stated in the
Brundtland Report (WCED,
environmental, social, and economic needs without compromising the

1987) (i.e., meeting long-term

ability of future generations to meet their own needs). Similar to
Binder et al. (2010) we found the most common definition of
sustainability was in reference to the Brundtland Commission
statement (WCED, 1987).

Of the 206 assessments, 24% (49) used or adapted an existing
conceptual framework. The rest either developed their own (36%)

Frontiers in Sustainable Food Systems

or did not explicitly outline a framework (41%). Of those that
adopted or adapted an existing framework, the most common
frameworks were SAFA (7), MESMIS (5), Sustainable Development
Goals (5), DPSIR (4), SAFE (3), Sustainable Livelihood Security
Index (SLSI) (3), Sustainable livelihoods framework (3), ACT (2),
and IDEA (2). Many of these frameworks are also included in our
review as assessments themselves since they provide both a
conceptual framework for developing an assessment (i.e., providing
an analytical structure from which to develop an assessment) and
an associated assessment with defined or suggested metrics. For
example, SAFA provides a conceptual framework for developing
an assessment in addition to an assessment and recommended
metrics.

3.2.2 Dimensions, themes and metrics

Given the need to address multiple dimensions, holistic
assessments often use hierarchical or nested structures. These usually
start with three main dimensions or pillars of sustainability -
economic, environmental, and social (de Olde et al., 2016). Within
each of these broad dimensions, there are usually several
sub-dimensions or themes of interest, each with associated metrics for
measuring performance. While this structure is common, not all
assessments fall neatly into this three-tier structure. Some may only
have one level of organisation while others may have many more
layers of nesting. Similarly, although they may address social,
economic, and environmental dimensions, they may use their own set
of overarching dimensions. For example, the five capitals of sustainable
livelihoods (i.e., physical, financial, human, natural and social). Given
this variation in structure, categorising holistic systems assessments
based on their dimensions and themes can be challenging. As noted
by other authors (e.g., Chopin et al., 2021; Lamanna et al., 2024), these
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Sustainable development
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FIGURE 4

multifunctionality and food systems transformation).

Year of publication

Main framing concepts used by assessments over time. Articles published in 2023 (n = 1) were excluded as they do not represent a full year of
publications and thus do not allow for a fair comparison between years. (Assessments could have multiple framings. Seven conceptual framings with
only one occurrence are removed from the plot. These include: ecosystem services, soil health, stewardship, public goods, nutrition security,

2010 2020

three dimensions are not discrete and not all themes fall neatly into
this framing. For example, it is unclear in which dimension the theme
‘animal health’ falls in. Nevertheless, we attempted to classify the
reviewed assessments using this three-tiered structure of dimensions,
themes, and associated metrics.

Of the 116 (56%) assessments that included a second level of
organisation, we see a huge number and diversity of the themes
addressed (Figure 5), with 1,273 themes found across the 116
assessments, and a median of nine themes and a range of 2-41 themes
per assessment. Each of the three dimensions had a similar number of
associated themes with a total of 488 themes for the social dimension,
501 for the environmental dimension and 409 for the economic
dimension. Nevertheless, based on the frequency of words used within
each theme, we see that the environmental dimension has a higher
number of commonly used terms within themes compared to the
social and economic dimensions (Figure 5). This could suggest greater
consensus among assessment developers over key environmental
aspects compared to the social and economic dimensions.

To further explore the thematic focus of the reviewed assessments,
we mapped each assessment to the SDGs which they addressed
(Figure 6). From this analysis, we see a greater number of assessments
focusing on SDGs more directly related to food systems such “Zero
hunger” (SDG 2), “No poverty” (SDG 1), “Life on land” (SDG 15), and
“Climate action” (SDG 13), and less so to more social and institution-
related goals such as “Reduced inequalities” (SDG 10), “Gender
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equality” (SDG 5), “Peace, justice and strong institutions” (SDG 16)
and “Partnerships for the goals” (SDG 17).

Of the 206 assessments reviewed, 89% (184) provided details of
the metrics they used. The total number of metrics included in these
assessments was 5,735 metrics.’ The median number of metrics per
assessment was 24 with a range of 3 to 237 metrics per assessment.
Each of the three dimensions had a similar number of metrics with a
total of 2,087 metrics for the social dimension, 2,209 for the
environmental dimension and 1,806 for the economic dimension.
Most assessments (58%) stated that data availability and convenience
were considered when selecting indicators. For example, metrics were
chosen that could be extracted from existing secondary sources or
information that farmers would be able to easily provide.

3.2.3 Stakeholder involvement

Co-designing assessments with those who have an interest in
the results can increase the relevance and utility of an assessment
and its outcomes. Various types of stakeholders may have an interest
in the results of an assessment. These include: (1) the assessment
users, that is, those who will use the results of the assessment; (2)

3 This does not necessarily equate to 5,735 unique metrics since assessments

may have used different terms and wording for the same or similar metrics.
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The number of assessments that address each of the United Nations Sustainable Development Goals through their themes and metrics.

those who may be influenced by actions taken because of the and “co-design” for assessments where stakeholders were engaged
assessment findings, and (3) those who are part of the system being ~ from the beginning and in determining the goal and metrics of

assessed, that is, the subjects of the assessment (Belebema  the assessment.

et al., 2020). Of the reviewed assessments, only 6% (13) were co-designed

Most assessments however did not explicitly distinguish between  with stakeholders from the beginning. Most were either designed
these different groups when referring to the level of stakeholder  solely by developers (47%) or sought stakeholder feedback after the
participation in their development. We therefore defined stakeholders  initial design of the assessment (47%). We also see that over time
in broad terms as groups other than the developers of the assessment, ~ the frequency of assessments which have been co-designed has
and classified assessments based on three levels of participation: “no  remained low (Figure 7). The most common stakeholders involved
participation” for assessments where the goal and metrics of the  in the development of the reviewed assessments (be it through
assessment were determined solely by the assessment developer/  co-design or consultation) were farmers or producers (67),
researcher, “consultation” for assessments where the assessment goal ~ researchers (63), government representatives (31), unspecified
and metrics were initially designed by the developer/researcher and ~ multi-stakeholder groups (26) and agricultural advisors and
then stakeholders were consulted and their feedback incorporated,  extensionists (25) (Table 1). Fifty-six percent (115) of assessments
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Year of publication

Number of assessments published each year by the approach taken to their design and development.

2010 2020

TABLE 1 Stakeholders involved in the development of assessments either
through co-design or consultation (n = 108).

Stakeholder type Frequency

Farmers/producers/communities 67 (61%)
Researchers 63 (58%)
Policy makers/ Government representatives 31 (28%)
Multi-stakeholders (unspecified) 26 (24%)
Agricultural advisor/extension 25 (23%)
NGOs/development actors 19 (17%)
Businesses/firms 13 (12%)
Experts/key informants (unspecified) 11 (10%)
Producer organizations 10 (9%)
Certification schemes 3 (3%)

Funders 2(2%)

Unspecified 4 (4%)

Assessments could list multiple stakeholder groups.

selected metrics based on literature review, 41% (84) were researcher
selected, and 36% (74) in consultation with experts. Only 30% (61)
of assessments took a participatory approach to selecting indicators,
including target users and other actors in the selection process.
Most relied on reviewing literature (56%), followed by expert
consultation (35%). While both promoted and unpromoted had a
similar percentage of co-designed (6%), a higher percentage of
promoted tools (60%) consulted users in the design and
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development of the assessment and tool compared to non-promoted
tools (41%). Of the 206 assessments, 48% (98) incorporated locally
defined indicators.

3.3 Systemic dimensions

3.3.1 Analysis and evaluation

Of the 186 (90%) assessments that presented results, the main
methods used for evaluating assessment output included the use of a
scoring system (115), composite indices (41), indicator ranges,
thresholds or reference values (22), stakeholder or self-assessment (4)
and various statistical approaches (76), varying from simple
descriptive statistics to more complex analyses such as cluster analysis
and multivariate analyses.

Many assessments (73%) aggregated metrics to form either a score
or composite indices. Across these assessments, there were two main
approaches used for weighting. Most of these assessments (65%)
weighted each dimension equally when calculating an overall score or
index. Those who did not use equal weighting (34%) mostly relied on
consultation with researchers or experts to develop weights.

Of the reviewed assessments, 123 (60%) presented results visually
(Table 2). The most common types of visual display were radar
plots — also known as spiderweb plots — and bar plots. Radar plots are
used to display multivariate data, where each variable is represented
on axes originating from the same point and were commonly used
when an assessment used a scoring system or composite indices.
Such assessments include the PG Tool developed by Gerrard
etal. (2011).
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TABLE 2 Frequency of different methods used to visualize assessment
results (n = 123).

Visualization type ‘ Frequency
Radar/spiderweb plots 54 (44%)
Bar plot 42 (34%)
Density/heat map 18 (15%)
Scatter plot/correlation plot/linear regression 14 (11%)
Line graph/time series 14 (11%)
Box plot 8 (7%)
Pie chart 5 (4%)
Kite/violin plot 4 (3%)
PCA/MCA plot 4(3%)
Sunburst/radial plot 4 (3%)
Histogram 2 (2%)
Sketch or flow diagram 2 (2%)
Area chart 1 (1%)
Cluster analysis 1(1%)
Correlation matrix 1 (1%)
Cumulative frequency plot 1(1%)
Network diagram 1(1%)

Parallel coordinates plot 1(1%)

Assessments may have multiple visualization types used.

3.3.2 Interactions, trade-offs and synergies

Despite many of the reviewed assessments emphasising the
importance of considering the multifunctionality of agrifood systems
and the need to consider the complex relationships between metrics,
the number of assessments that evaluate interactions has remained
low over time (Figure 8). Only 29 (14%) of assessments considered
interactions and relationships between metrics. Those that did, did so
using correlation or regression analysis or multivariate methods such
as Principal Component Analysis (PCA).

3.3.3 Emergent system properties

Emergent properties such as resilience, equity, and empowerment,
arise from the complex interactions amongst components within
systems. Although some measures have been developed for some of
these properties, they can be difficult to measure directly. Of the
reviewed assessments, 53 (26%) assessments included themes that
used terms related to emergent system properties. These terms
included resilience, adaptability, stability, equality, equity, fairness,
empowerment, peace, and security. However, the number of
assessments that include themes related to emergent system properties
has increased over time (Figure 8). While assessments including these
themes were few before 2013, they have consistently featured in
assessments since then. Nevertheless, as a proportion of total
assessments published the number of assessments including such
themes has remained relatively low.

Looking at changes in system performance over time rather than
a one-off snapshot can provide important insight into a system’s
trajectory and response to shocks, stresses, and management changes.
Measuring performance over time is critical for evaluating emergent
system properties such as resilience. Yet, most assessments (73%) were
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used to provide one-off snapshots of performance or to compare the
performance of two or more cases at a single point in time. Only 21%
(44) of the assessments had been used multiple times and looked at
change over time (11 assessments were classed as ‘unknown’ due to
lack of detail on their methodology).

3.4 Procedural dimensions

3.4.1 Assessment users and scale of focus

The most common intended users of the reviewed assessments
(i.e., those that will use the results of the assessment), regardless of
whether the assessment was classified as a promoted tool or not, were
researchers (66%, 135), policymakers (63%, 121), and farmers or
producers (53%, 109) (Figure 9). The three most common
combinations of intended users were researchers and policymakers
(14%, 28), researchers (11%, 22), policymakers (10%, 21) and
researchers and farmers (9%, 19).

In terms of the scale of measurement (i.e., the scale at which most
measurements are taken) and scale of reporting (i.e., the scale at which
assessment results are analysed and reported) of assessments, we see
a greater focus on spatially-and geographical-related scales, such as
field, farm, landscape, and nation, rather than more systems-related
scales such as value chain, business, project/programme, and food
system (Table 3). We also see a greater number of assessments focused
on the farm scale and production stage of agrifood systems, with a
limited number of assessments focusing on the retail and
consumption stages.

3.4.2 Data type and data collection

The most common data collection method used by assessments
was questionnaires administered to farmers, producers, and other
actors such as business owners (Figure 10). This was followed by data
from secondary sources such as national censuses or existing, publicly
available household survey data (e.g., European Union’s Farm
Structure Survey data). The dominance of questionnaires as the main
data collection instrument is reflected by the types of data collected
with quantitative data estimated by those administering the
questionnaire or provided by the questionnaire respondent being used
in 61% (123) of reviewed assessments (Table 4). Only 21% (44) of
assessments required direct field data collection and 4% (9) utilised
remote sensing data. The most common combinations of methods
were questionnaire and secondary data (11), questionnaire and field
measurements (10) and questionnaire and interviews (9) (Figure 10).

3.4.3 Assessment complexity and time
requirement

We deduced the methodological complexity of assessments based
on categories outlined by Kaufmann et al. (2023:22): (1) “basic
complexity” — being assessments that are “generally applicable for
professionals working in the environmental or agricultural sector” and
“can immediately be applied with no or very little additional training”
and “no or limited interdisciplinary knowledge and expertise is
necessary’; (2) “intermediate complexity” - being assessments that are
“generally applicable for professionals working in the environmental
or agricultural sector with advanced experience” and where “some
additional training is necessary to become familiar with these
methods” and “interdisciplinary knowledge and expertise are
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TABLE 3 Scale of measurement and reporting used by reviewed assessments (n = 206).

10.3389/fsufs.2025.1472109

Scale of measure Frequency Scale of reporting Frequency
Farm/household 127 (62%) Farm/household 100 (49%)
Field/plot 35 (17%) Landscape 54 (26%)
Landscape 29 (14%) Region 49 (24%)
National 25 (12%) National 44 (21%)
Regional 23 (11%) Field/plot 23 (11%)
Food system 15 (7%) Food system 18 (9%)
Value chain 12 (6%) Value chain 11 (5%)
Firm/Business 8 (4%) Firm/business 9 (4%)
Individual 5(2%) Project/programme 5(2%)
Project/programme/portfolio 4(2%) Across scales 3 (1%)
Production system 3 (1%) Global 3 (1%)
Across scales 2 (1%) Technology 3 (1%)
Technology/practice 2 (1%) Community 2 (1%)
Global 1(<1%) Production system 2 (1%)
Unspecified 6(3%) Producer organization 2 (1%)
Individual 1(<1%)
Unspecified 5(2%)

Assessments could specify multiple scales of measurement and reporting.
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TABLE 4 Types of data used by reviewed assessments (n = 206).

Data type ‘ Frequency
Quantitative (enumerator/farmer estimated) 123 (60%)
Quantitative (measured) 96 (47%)
Qualitative (enumerator/farmer estimated) 54 (26%)
Qualitative (textual/narrative) 38 (18%)
Quantitative (predicted) 15 (7%)
Quantitative (researcher estimated) 7 (3%)
Qualitative (researcher estimated) 1(<1%)
Unspecified 11 (5%)

favourable”; and (3) “high complexity” — assessments that require
“extensive training or the use of an external expert is necessary” and
where “interdisciplinary knowledge and expertise are necessary.” The
review team categorised assessments based on their own interpretation
and judgement of this criteria.

Of the reviewed assessments 48% (98) were classified as having
intermediate complexity, 31% (63) as having basic complexity, and
18% (38) as having high complexity. Seven assessments (3%) were
classified as “unknown” in terms of their complexity due to a lack of
details regarding the assessment methodology.

The time required for data collection was rarely stated in the
documentation of the reviewed assessments. Instead, we estimated the
required time to collect data per unit of observation (e.g., the time
required to administer a questionnaire to a single household or
respondent) based on the methods used and types of data collected.
The categories used were those outlined by Chopin et al. (2021): “low”
(<2 h), “medium” (2-7 h or one working day) and “high” (>1 day of
data collection).” Of the reviewed assessments, 21% (44) were thought
to have high collection time, 32% (65) as having a medium collection
time, and 25% (52) as having a low collection time. 22% (45) of
assessments were unclassified due to a lack of detail requiring data
collection methods.

3.4.4 Reproducibility of assessment results

In addition to the collection methods and data types collected,
we evaluated assessments in terms of the reproducibility of their
results. Here, we defined an assessment as reproducible by judging
whether one would expect to get the same result if the assessment
were repeated by more than one person (e.g., would you get the same
results if the same farm was assessed by two different enumerators).
Assessments likely to be classified as non-reproducible were those
whose metrics were dependent on the value judgement of the person
conducting the assessment and likely to vary depending on the
perceptions of the individual carrying it out. For example, TAPE relies
on several subjective metrics such as whether a farm has many trees
or not. Based on this definition of reproducibility, 39% (81) of
assessments were categorised as being reproducible, and 35% (72)
were not. 26% (53) were classified as “unknown” due to lack of detail
regarding metrics used.

3.4.5 Access and guidance

For promoted tools, we evaluated their accessibility and the
availability of guidance information for potential users. Of the 62
promoted tools, 86% (53) were open access, in that they could be used
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by anyone and without payment, 10% (6) had restricted access (i.e.,
users needed to be a member or part of a project to access the tool),
and 5% (3) required payment to access and use them. In terms of
available guidance, 24% (15) had an online platform for tool users,
79% (49) provided guidance for potential users on how to carry out
the assessment, 71% (44) on approaches to data analysis and 63% (39)
on how to interpret assessment results. Only 11% (7) provided
potential users with guidance on data governance (i.e., considerations
on how data is used, who owns data and who has access).

4 Discussion

There has been a surge in assessments of food and agriculture
systems since 2010, likely due to the growing awareness of agrifood
systems as both a source of and solution to many of the complex
challenges we face globally. For such assessments to effectively guide
decisions and enable agrifood systems transformation, a holistic
systems perspective is needed. This includes: (1) measuring multiple
dimensions, (2) integrating multiple perspectives, (3) collecting and
presenting data in ways which reveal complexity, nuance, and trade-
offs, and (4) capturing emergent system properties. The following
discussion is structured around these four characteristics of holistic
systems assessment and discusses the implications of our findings for
future frameworks and assessment of agrifood systems.

4.1 Multiple dimensions

Although there is nothing wrong with an assessment focusing on
a particular issue of interest and selecting themes and metrics based
on what matters to them, certain dimensions may receive more
attention than others. This risks important aspects of agrifood systems
performance receiving less attention and contributes to the ‘Tlevel
playfield’ problem described earlier. Selective measurement of a
system opens the possibility of the designer of the assessment
influencing the results.

It is widely claimed that social dimensions of holistic assessments
remain relatively underdeveloped compared to the economic and
environmental dimensions (de Olde et al., 2016; Roos et al., 2019;
Schader et al., 2014; Sldtmo et al., 2017; Springer et al., 2015). Springer
etal. (2015) and Nadaraja et al. (2021) found that assessments contain
higher numbers of metrics related to the environmental dimension
compared to the social and economic dimensions. Of the 47 indicators
reviewed by Nadaraja et al. (2021), 29% pertained to social, 20% to
economic, and 5% to governance aspects. In contrast, 47% of
indicators were related to the environmental dimension.

We found no substantial differences in the number of metrics for
each dimension but observed greater diversity in the themes
associated with the social dimension. This finding aligns with other
studies and suggests lack of consensus over how and what to measure
within this dimension (Chopin et al., 2021; Janker and Mann, 2020;
Springer etal.,, 2015; Wohlenberg et al., 2020). This reflects the diverse
and subjective nature of many social dimensions of sustainability or a
lack of consensus on how to define ‘social sustainability’ and
difficulties in developing quantifiable metrics (Janker and Mann, 20205
Latruffe et al., 2016; Springer et al., 2015). What social sustainability
means and entails differs around the world and across agricultural
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systems, geographies, and scales (Janker and Mann, 2020). An
illustrative example is Roos et al. (2019) who reported that two
popular farm-level assessment tools (SAFA and IDEA) struggled to
capture the social conditions of Swedish farmers and had limited
relevance to the social context of farming in Sweden.

Using social components of SDGs as a guide, our analysis
uncovered several social themes that have received less attention by
existing assessments. We found that far fewer assessments focused on
the more social and institutional-related goals such as “Reduced
Inequalities” (SDG 10), “Gender Equality” (SDG 5), “Peace, Justice,
and Strong Institutions” (SDG 16), and “Partnerships for the Goals”
(SDG 17), compared to those directly related to environmental and
economic outcomes, such as “No Poverty” (SDG 1), “Life on Land”
(SDG 15), and “Climate Action” (SDG 13). Additionally, a common
reason for the exclusion of assessments from our review was their
failure to incorporate aspects of the social dimension (see Figure 1).

It is possible that designers of holistic assessments of agrifood
systems do not see such social issues as characteristics of the system
they are able to influence and change. Aspects such as peace, justice
and equity are determined by socio-political systems larger than those
which agricultural researchers tend to focus on and are able to
influence and thus such aspects may be deemed beyond the scope of
their assessments.

These findings echo those of Zou et al. (2022), who identified
‘governance’ as the most neglected dimension at the food systems
level. Similarly, at the farm level, Chopin et al. (2021) noted that few
sustainability assessments used a ‘governance-oriented’ framing.
Nevertheless, we speculate that the consideration of social and
governance related aspects such as equity, peace, food sovereignty, and
the intrinsic and relational values of nature will become more
prevalent in the assessment of agrifood systems as more systemic
framings which include a greater emphasis on social dimensions, such
as agroecology, continue to gain traction.

4.2 Multiple perspectives

It is widely claimed that the development of sustainability
assessments should involve those who will use or be affected by the
results and that they should be involved early and throughout, from
the assessment design to the interpretation of results (Alroe et al,
20165 Chopin et al., 20215 Schindler et al., 2015). Yet, our findings
indicate that the stated intended users of assessments—farmers,
researchers and policy makers—are seldom involved from the
beginning. Instead, their input is often solicited after the goals and
metrics of an assessment have been established, raising questions
about the extent to which an assessment can inform and impact their
decisions. In line with Arulnathan et al. (2020), we also found a severe
lack of information on how users were engaged in the development of
the reviewed assessments and whether their views were taken
on-board. Most descriptions of how assessments were developed
simply listed the types of actors consulted.

For holistic assessment to support transitions to sustainable
agrifood systems, they need to be used and inform people’s decisions
and actions. Yet, at least in the case of farm-level sustainability
assessment, the uptake and use of tools by end users has been limited
(Binder et al., 2010; de Olde et al., 2016; Triste et al., 2014). Triste et al.
(2014) emphasise the importance of how a tool is developed rather
than the content of the tool itself. They claim that the limited uptake
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of the MOTTES tool by farmers is due to failings in the design process
and insufficient engagement with end users (Triste et al.,, 2014).
Farmers interviewed by de Olde et al. (2016), despite seeing relevance
in the farm-level assessment tools, were sceptical as to whether the
results were useful for informing their decisions. The farmers
questioned whether the results provided new knowledge (i.e., the
assessment did not tell them anything they did not already know) and
reported that they “felt restricted in their opportunities to improve
their sustainability due to the complexity of the system they are a part
of” (de Olde et al., 2016:396).

Co-designing assessments with the intended users of the resulting
data is likely to increase the relevance and utility of an assessment and
its outcomes (Alroe et al., 2016). Such assessments are more likely to
meet the needs of their intended users, increasing the likelihood of
wider uptake and use. Anyone organising and promoting an
assessment needs to be realistic about whose needs are really being
served by it, and the fact that farmers, while at the heart of an
agricultural system, may not see the need for additional data.
Participation can also lead to greater sense of ownership and allow for
negotiating multiple user needs and interests (Namirembe et al., 2022;
Schindler et al., 2015).

Care is needed when deciding who, how and when to engage
different interest groups in the development of a holistic assessment.
Such decisions determine the quality of participation and its outcomes
(Reed, 2008). For example, evidence from co-production research
indicates that stakeholders do not necessarily want to be included in
every single step of the research process, rather they prefer to
be consulted in strategic ways (Bicluch et al., 2017). Others warn of
“consultation fatigue” among stakeholders who are “increasingly asked
to take part in participatory processes that are not always well run, and
as they perceive that their involvement gains them little reward or
capacity to influence decisions that affect them” (Reed, 2008). Whether
to engage those who are affected by the outcome of an assessment is
another key decision (Reed, 2008). On the one hand, involving such
actors is likely to increase their trust in assessment results and
subsequent decisions. On the other, it may be impractical to involve
stakeholders at this level. For example, involving everyone who may
be impacted by the outcome of tracking progress on the UN SDGs in
assessment design is neither feasible - since it includes everyone in the
world - nor necessarily desirable as not everyone who is part of a
system wants or needs data about its performance.

Assessing from multiple perspectives does not only imply
involving stakeholders in assessment design. Data on many of the
indicators used in holistic assessments are collected as subjective
responses from individuals and depend on those individual
experiences and values. The levels of these indicators will depend on
who is answering. Taking an example from TAPE, rating of the
amount of stress animals experience will be done differently by
farmers and an animal welfare expert, and access to new knowledge
rated differently by a farmer and extension officer. A holistic
assessment that takes account of multiple perspectives would
measure these different perspectives. Although many of the
assessments collected self-reported data from farmers and used local
indicators (indicators based on what local actors use to evaluate their
system), we did not explicitly score for whether they captured
multiple perspectives on the same aspect of system performance.
Nevertheless, none of the reviewed assessments stood out as
consistently generating data from multiple perspectives or stated this
as an explicit aim.
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4.3 Synergies and trade-offs

A system is distinguished from a collection of parts by the
interactions and interdependencies between those parts (Betley et al,
2021). If we are to understand and manage a system as a whole, it is
inadequate to examine multiple dimensions in isolation. Instead,
we must understand their interactions, trade-offs and synergies, as
well as their associated themes and metrics (Binder et al., 2010;
Capello and Nijkamp, 2002; Van Passel et al., 2007). Understanding
synergies and tradeoffs is in part a function of how the data are
analysed and presented. However, there are also implications for the
design and implementation of data collection. For example, it will
usually be necessary to ensure that all variables used in a tradeoff
analysis have been collected on the same set of units (e.g., farms) at
the same time. If understanding is to go beyond correlation, then
evidence on the functional connection between system components
will also need to be collected. Like Soulé et al. (2021), Binder et al.
(2010), and Bonisoli et al. (2018), we found that, despite
acknowledging the importance of interactions, few assessments
analysed interactions. It is common practice to use numerical and
visual integration in the form of composite indices and graphs such as
radar charts. Both approaches allow for easy communication of
assessment results. Yet, they can also hide the complexities and
interactions between indicators. For example, the metrics displayed
using a radar chart are not linked together and trade-offs and synergies
are not shown despite being displayed next to each other.

Similarly, composite indices involve the integration of multiple
sub-indicators into one single numerical indicator and are thought to
be attractive to policy makers because they can be easily and quickly
communicated and are interpretable by a wide audience (i.e., a higher
score is ‘better’ than a lower score) (Siva Muthuprakash and Damani,
2017; Van Passel and Meul, 2012). Yet, composite indices are unable
to provide an understanding of system dynamics as they do not reveal
anything about the interactions between metrics (Roy et al., 2019).
They can hide important details regarding the complexity of an issue
and lack transparency on what sub-indicators may be driving an
overall score (Latruffe et al., 2016; Van Passel et al., 2007). Further,
they can obscure the differences in scores between systems. For
example, two systems may have the same score, yet it is unclear if the
systems are fundamentally similar or simply happen to have the same
values of composite indicator (Peano et al., 2015).

The methods used to compute such composite indices are often
subjective or arbitrary (Siva Muthuprakash and Damani, 2017). As
highlighted by de Olde et al. (2016), even experts in each field can
disagree markedly on the importance of different indicators. The use
of composite indices thus requires transparency in how they are
developed and if composite indices are used, they should not
be presented in isolation from their more detailed sub-indicators
(Magrini and Giambona, 2022; Van Passel and Meul, 2012).

Of the assessments we reviewed that did consider interactions,
most used some form of correlation analysis between different
indicators and dimensions (e.g., Rodrigues et al., 2010). To ensure
such analysis is possible, data must be collected in ways that allow for
interactions to be considered. In addition to the co-measurement
requirement described above, there needs to be some basis for
assuming that a correlation describes interaction and is not spurious.
At the same time, given that assessment results need to
be understandable and relatable to those making the decisions if they
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are to influence decisions, we need to find simple ways of
communicating interactions and their complexity (Shields et al., 2002;
Van Passel and Meul, 2012).

What happens after the assessment is perhaps more important
than the assessment design itself in terms of changing practice and
moving towards sustainability. The need for support in interpreting
results to inform action has been clearly articulated in the case of
farm-level tools and farmers decision making (Marchand et al., 2014).
Coteur et al. (2020) reported that despite an awareness among tool
developers of the importance of supporting farmers in interpreting
assessment results and providing advice, only eight of the 18 tools that
they reviewed provided support in interpreting results and
recommendations based on results. This gap is also noted by de Olde
etal. (2018), with many developers focusing on the methodology of a
tool rather than how assessment results will be used by users and
influence decision making. Ensuring that the presentation of results is
interpretable by the assessment audience is key for action and
influencing decision making. Given that different audiences will often
have different preferences on how data is presented (Bourne et al.,
2021) it is crucial for assessments to consider options in data
representation (Lamanna et al., 2024). The use of online platforms for
automating the analysis and visualisation of data collected using
promoted tools could help increase the usability and interpretation of
assessment results by those who lack data analysis skills. Yet we found
that online platforms are uncommon. Most promoted tools
we reviewed were open access and provide guidance on their use for
generating data, but less so on interpretation and how to use the
results of the assessment.

4.4 Emergent system properties

The design of a holistic assessment is challenged by the number of
system components and processes that could be included in the
measurement scheme. However, a holistic view includes
understanding the system as a whole—its emergent properties—not
only each of its components. Emergent properties of agrifood systems,
such as resilience, equity, and empowerment, result from complex
interactions among system components across scales. Prosperi et al.
(2016) argue that concepts like resilience and vulnerability offer a
more effective framework for assessing food systems, and hence
determining what should be measured and monitored, than system
components alone. Only 26% of the assessments that we reviewed
addressed themes related to such emergent system properties, perhaps
because it is difficult to do so. For instance, despite increasing interest
in resilience and development of several indicators for its measurement
(Douxchamps et al., 2017), measuring resilience remains challenging
given its varied definitions, multidimensional nature and need for the
inclusion of multi-spatial and temporal scales (Prosperi et al., 2016).
Resilience first requires clear definition in the context of the system
being assessed, the measurement at multiple levels and scales, yet most
assessments of resilience focus on one scale (Douxchamps et al., 2017).

Evaluating changes in system performance over time, rather than
through a single snapshot, can provide important insight into a
system’s trajectory and response to shocks, stresses, and management
changes (Chopin et al., 2021). Measuring resilience necessitates the
measurement of a system over time (Douxchamps et al, 2017).

Nevertheless, we found that most assessments are used to provide
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one-off snapshots of performance or to compare the performance of
two or more cases at a single point in time, even if the authors hope
their measurement scheme will be taken up and used repeatedly. In
their review of farm-level assessment tools, Marchand et al. (2014)
present a potential trade-off between how comprehensive or complex
an assessment is and how easy or quick it is to use. On one end, there
are full assessments aimed at providing high accuracy and often
complex evaluations, and on the other end, there are rapid
assessments aimed at providing a quick picture and overview with
lower complexity and accuracy. Neither end point is strictly defined
since it is never possible to assess everything and unclear when a
simplified assessment stops being holistic. However, there are real
choices to make. This trade-off closely relates to other trade-offs
identified in the literature, including scope versus precision (Schader
et al., 2014) and breadth versus depth (Namirembe et al., 2022).
Complexity of an assessment tool has implications for the cost, time,
and skill requirements for carrying out an assessment. This, in turn,
has implications for using a method repeatedly or routinely to
monitor change and data collection by non-specialists such as
activists or communities themselves. For instance, the more complex
a tool is the less likely it is to be widely taken up (Marchand
etal., 2014).

In our review, we classed most assessments as having ‘medium
complexity’ and having a ‘medium’ time requirement, in that they are
“generally applicable for professionals working in the environmental
or agricultural sector with advanced experience” and where “some
additional training is necessary to become familiar with these
methods” (Kaufmann et al., 2023:22) and take 2 to 7 h to complete.
This prevalence of medium complexity and time requirement could
reflect a recognition of this trade-off between complexity and
useability among tool developers and efforts to find a middle ground.

Nevertheless, this compromise can come at the expense of
assessment reliability and validity. Of the assessments we reviewed,
34% were classed as being non-reproducible, in that you might not get
the same result if they were to be repeated by more than one person,
and over half of the assessments we reviewed relied on questionnaires
and recall data rather than field measurements. Subjective data is liable
to biases and limits the utility of a metric for evaluating agrifood
systems approaches on a level playing field. There are potential sources
of bias in objective measurements too, but they are usually easier to
manage by design.

Assessments that were classified as non-reproducible were often
those where metrics used were dependent on value judgements and
likely to vary depending on the perceptions of those carrying out the
assessment. For example, TAPE relies on several subjective metrics
such as whether a farm has many trees or not. As noted by Marchand
et al. (2014), more objective measures also allow for greater
comparability across cases and the potential development of
benchmarks. Yet tools that are quick and rapid to apply often rely on
respondent recall and perception which may reduce the accuracy and
correctness of an assessment (Coteur et al, 2020; Marchand
etal., 2014).

Coteur et al. (2020) and Payraudeau and van der Werf (2005) note
that there is often a trade-off between the use of performance-based
indicators and feasibility. System indicators can often be described as
either (1) practice-based indicators that describe what is done in the
system, such as practices used by a farmer, and (2) performance-based
indicators that measure what the system is doing in social, economic
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or environmental dimensions. The latter provides direct evidence of
the system function. The former are often interpreted as indicators of
performance based on an assumption that use of a practice will lead
to specific performance (Coteur et al., 20205 FAO, 2014). FAO (2014)
proposes that performance-based indicators, given their closeness to
reality and the impact of interest, should be prioritised over practice-
based indicators.

We note that one persons practice-based indicator may
be another’s performance-based indicator. For example, consider the
level and diversity of tree cover. It is a description of a system and not
its performance. However, for someone interested in the biodiversity
value of an agricultural landscape and aiming to increase tree cover,
the level of tree cover could well be a performance indicator. The
tensions between assessment scope and accuracy, breadth and depth,
and complexity and use ability, mean trade-offs will need to be made.
These should be done with the assessment objectives and intended
users clearly in mind and involved in the development of
the assessment.

4.5 No one tool fits all purposes and
contexts

The 206 holistic agrifood system assessment frameworks,
methods, and examples that we identified and reviewed display a wide
diversity of approaches and practices. The reason is simple: there is no
one assessment tool that will work for everyone and new concepts and
purposes of assessment are continually emerging. Previous, less
extensive reviews have reached similar conclusions (Alaoui et al.,
2022;

Ly

Arulnathan et al., 2020; Bonisoli et al., 2018; Marchand et al.,
2014; Nadaraja et al., 2021; Schader et al., 2014; Van Passel and Meul,
2012). The diversity of themes and metrics employed by assessments
is to be expected since agrifood systems encompass so much. For
instance, while one assessment may focus on measuring soil health as
the key environmental dimension, another may focus on measuring
biodiversity. Neither of these two assessments is right or wrong in
their selection of themes and metrics. They are different because they
were developed for different users, each with different objectives and
perspectives on what is important to measure and how to measure it
(Alaoui et al., 2022; Chopin et al., 2021; Coteur et al., 2020; Gasparatos
and Scolobig, 2012; Janker and Mann, 2020; Marchand et al., 2014).
As Alaoui et al. (2022) note, different groups have different reasons for
using farm-level assessment tools. Farmers may use them for
evaluating the performance of their own farm; agricultural advisors
for advising farmers on how to improve their sustainability; and
researchers for comparing farm performance across different cases,
regions, or countries (Alaoui et al., 2022). The same will be true for
any other scale of assessment.

The development of conceptual bases for assessments is one driver
of development of new methods. Among the assessments we reviewed,
holism first appeared as a frame in 1997, agroecology in 2004,
resilience in 2008, ecosystem services in 2011, climate adaptation and
sustainable intensification in 2015, and vulnerability in 2019 (see
Figure 4). This trend of conceptual development will inevitably
continue, resulting in further innovation in assessment methods.

The objectives of an assessment also influence the level at which
it is conducted. For instance, farmers and agricultural advisors may
have a greater interest in assessments conducted at the field or farm
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level, while national governments and international bodies may have
greater interest in assessments conducted at the regional, national,
or sectoral level. We found that most assessments focused on the
farm scale and production stage of agrifood systems. This focus on
farm-level assessment could reflect a potential bias in our search
terms. It could also reflect the fact that many decisions over
agricultural production are made by farmers at the farm level and
thus the farm level is often identified as an entry point for influencing
system change (Marchand et al, 2014). Further, measuring
performance at the field and farm level is often easier than
measurement at higher levels (e.g., landscape, regional, national)
making it a likely focus for research projects trying new ideas with
limited resources. In addition, many metrics collected at farm level
can be aggregated to provide a view at higher levels but the converse
is not true. Nevertheless, as Gharsallah et al. (2021) note, there are
important aspects of agrifood systems performance that cannot
be scaled in this way such as ecosystem services that emerge at
landscape scale, water regulation, or biodiversity protection. IDEA4
(Zahm et al,, 2024) is an example of an assessment that is based
explicitly on a multiple scales, with a framework that merges farmers’
self-centred goals with wider interests of the community, country
and rest of the world.

The appeal of universal system indicators is obvious. We have
extensive databases of conventional production and economic data
about food and agriculture systems that are global in extent and aim
to be globally comparable (e.g., FAOStat). Recognising that these are
inadequate for giving a holistic picture of systems leads to demands
for assessments and indicators that will fill the gap (Béné et al., 2019;
Schneider et al., 2023). However, the utility of a globally relevant
assessment tool is limited given the diversity of assessment objectives
and varied nature of agrifood systems (Binder et al., 2010; Dong et al.,
2016; Hayati et al,, 2010). We identified numerous promoted or
‘readymade’ tools developed with the intention of being globally
applicable and meeting the needs of multiple audiences (e.g., farmers,
researchers, and policy makers). Despite many of these tools being
co-designed, they are unlikely to meet all users” aims and need context
specificity. For instance, TAPE (FAO, 2019) was developed with the
intention of being a global tool, yet Namirembe et al. (2022) in their
evaluation of using TAPE across multiple projects and contexts
conclude, that “it is not a readymade approach or set of tools to use in
every situation” and that “the same will be true for any other
‘readymade’ assessment tool that involves processes, indicators, and
tools that have been defined without reference to the specific context
and objectives” In recognition that no one tool fits all, several authors
have argued for combining tools or using them sequentially to address
different scales and user needs, thus catering to the various “layers and
players” involved in an assessment (Alroe et al., 2016; Van Passel and
Meul, 2012).

Wide scale adoption of new standards for system measurement
depends on the power of people demanding it. UN agencies, for
example, have power and can influence what data is collected—for
example, most countries report national progress on sustainable
development goals and international assistance is available to help in
that effort. In our review we noted most of the ‘promoted’ assessment
approaches and tools (those behind which there is a concerted effort
to persuade others to use them) are developed by international bodies
and NGOs. The most common tool developer was the United Nations
Food and Agricultural Organisation (FAO) with eight named tools
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having been developed by the organisation, followed by Biovision
Foundation with three tools. Whether a framework is taken up
depends not only on its inherent strengths but also on who is
promoting and supporting it and the influence of those groups. This
applies at national as well as international scales, with states having the
authority to impose adoption of an approach and provide resources to
implement it.

The ideas of technology lock-in (Foxon, 2013) also play a role in
whether a new assessment tool will be used. There are always reasons
to keep doing what we are doing rather than something new, even
when the new approach is demonstrably superior. Foxon (2013)
identifies four sources of technology lock-in: economies of scale,
learning and skills, perceptions of success and network effects. All
these will apply to assessment approaches and hence we see a method
such as TAPE being widely used even if it is not necessarily the most
appropriate in each case.

4.6 Future frameworks

Many past reviews aimed at identifying deficiencies and gaps to
be filled and call for the development of new assessment approaches
and metrics. This thinking—that we or anyone else will be able to fill
such gaps—is flawed. There are and always will be gaps to holistic
agrifood systems assessment. While the appeal of universal methods
and indicators is obvious, creating a new standard that everyone will
use is unlikely given the diversity of assessment objectives, and varied
and unlimited nature of agrifood systems. There will never be one tool
or approach that will work for everyone, can measure everything and
be used everywhere. There is large diversity and continuous innovation
and adaptation in the assessment of agrifood systems. There will
always be new frameworks, concepts and perspectives on agrifood
systems assessment emerging. Improving the holistic assessment of
agrifood systems is therefore not a question of improving or
combining existing tools to meet the vast needs and interests of
different users. Instead, the gap to be addressed is the lack of guidance
for setting up and designing effective holistic systems assessments.

There are two broad options for someone wanting to conduct a
holistic systems assessment: (1) to select or adapt an existing tool or
combination of tools to best fit their needs; or (2) to develop their own
tool. Several past reviews have aimed to provide guidance on how to
select the right assessment tool based on needs (e.g., Bonisoli et al.,
2018). Yet, there is no guarantee that such a tool already exists given
the diversity of global agrifood systems and user objectives.

Lamanna et al. (2024) describe the second approach. While they
include the design principle of “do not reinvent the wheel” in their
guidance (i.e., if there is already a tool that meets the assessment
objectives, then use it), they also outline a flexible stepwise approach
to developing holistic systems assessments that meet specific user
needs. This stepwise approach has several advantages, one of which is
the emphasis on clearly articulating the purpose of the assessment and
identifying an appropriate conceptual framing. Objectives and
conceptual framing drive the effective design of assessments
(Namirembe et al., 2022). Yet, like Siva Muthuprakash and Damani,
2017 and Janker and Mann (2020), we found that many assessments
lack a clearly articulated conceptual framework on which their
selection of themes and metrics are based, with the risk that indicators
are selected because they ‘might be interesting’ rather than because
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they contribute to a consistent view. Following a stepwise approach to
developing a holistic systems assessment, with a strong emphasis on
theoretical framing and clearly articulated goals, can help ensure that
what matters is measured (i.e., the choice of what to measure is
determined by what users care about) and that context-specific aspects
are not overlooked.

An argument against designing individual context-specific
assessment frameworks is that resulting datasets will not
be comparable across time and contexts. However, if that is a
requirement or aim, then it becomes part of the design criteria (e.g.,
monitoring progress towards SDGs where coherence is needed)
(Rosenstock et al., 2017). There may also be a tension and balance to
be made between measuring what a user cares about (i.e., “what
matters”), which is often value-based, and selecting a holistic
conceptual frame that is logical, coherent and complete. Nevertheless,
those interested in holistic assessment need clear guidance to navigate
the abundance of existing frameworks and develop assessments that
meet their needs while avoiding the extremes of narrowly focused
metrics or attempting to measure everything simultaneously.
Frameworks for selecting and developing assessments, such as that
outlined by Lamanna et al. (2024), could offer such guidance.
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