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Abstract

There is a growing demand for moving towards sustainable agri-food systems which per nature covers a complex network of
activities and domains; such systems will benefit from multi-criteria decision analysis (MCDA) methods. Although some reviews
on MCDA in agri-food research have been published, none of them covered the whole value chain. In this article, a corpus of 954
articles published by INRA scientists from 2007 to 2017 was used to study the diversity and potentiality of MCDA techniques.
For the first time, experts from more than 10 agri-food domains worked altogether to annotate the articles, carry out a multivariate
analysis, and finally interpret the statistical results to identify the specificities of certain domains and the complementarities
between domains and to suggest avenues for future agri-food research. One-third of the studies were based only on a list of
indicators, even when their purpose was to choose, sort, or rank options. Regardless of the scientific discipline in the agri-food
sector, MCDA studies rarely considered temporal dynamics, spatial scale changes, or stakeholder contributions. As the agri-food
system becomes increasingly sustainable in the near future, the use of MCDA methods will accelerate. To become more effective,
they will have to include ecosystem services, even outside the scope of ecological studies. Similarly, MCDA studies will need to
include participatory science to involve stakeholders (i.e., public authorities, governmental agencies) and end-users (i.e., farmers,
producers, industrials, consumers) in the construction of the multi-criteria evaluation but also in the resulting decisions.

Keywords Sustainability - Agriculture - Agro-industry - Design - Choice - Environment - Indicators - INRAE

1 Introduction

Over the last decade, a growing agreement has emerged on the
need to address sustainability of agri- food systems (Eakin
et al. 2017). Agri-food systems cover the whole value chain
and encompass networks of actors and activities from produc-
tion to waste disposal as well as resource flows and outcomes
(Meynard et al. 2017). As widely recognized, agri-food sys-
tems face multiple challenges such as food insecurity, envi-
ronmental degradation, and chronic poverty in context of cli-
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mate change and economic instability (Godfray et al. 2010),
so that any quest of sustainability requires an integration of
social, environmental, and technological processes. These
considerations led Eakin et al. (2017) to define an agri-food
system as sustainable if it achieves or maintains food security
while meeting social demand of cultural value and decision
autonomy and respecting the integrity of the social-ecological
processes driving the provision of current and next genera-
tions with food. Thus, any assessment of agri-food system
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sustainability considered as an important support for imple-
mentation of sustainable agri-food systems (Pope et al. 2004)
requires a multi-criteria approach founded on multidisciplinary
effort. Multi-criteria decision analysis (MCDA) methods exist
and are often used in sustainability science, but they require far
more use and application in agri-food system decision-making
than they currently receive (Eakin et al. 2017).

According to Belton and Stewart (2002), MCDA is “an um-
brella term to describe a collection of formal approaches which
seek to take explicit account of multiple criteria in helping individ-
uals or groups explore decisions that matter.” This definition clear-
ly indicates that a broad variety of approaches exist “under the
umbrella.” They can be divided into two parallel, but not entirely
disconnected, scientific branches. The operational research, which
emerged in the 1940s, has led to a variety of methods to support
decision-making, such as Multi-attribute Utility Theory (MAUT)
and Analytic Hierarchy Process (AHP) approaches from the
American school, as well as outranking methods such as
ELimination Et Choice Translating Reality (ELECTRE) and
Preference Ranking Organization METHod for Enrichment of
Evaluations (PROMETHEE) from European schools (Herva and
Roca 2013). In parallel, the emergence of the issue of sustainability
due to increasing concern for the environment has led to an “ex-
plosion” of initiatives that develop assessment methods often
based on sets of indicators (Singh et al. 2012). MCDA methods
have been applied widely, leading to reviews or meta-analyses in
sectors such as medical health (Mardani et al. 2019) or civil engi-
neering, construction, and building technology (Zavadskas et al.
2018). For agri-food systems, reviews were published, but they
cover only some restricted areas of agri-food system, for instance,
Sadok et al. (2008) focused on cropping systems, Madoumier et al.
(2019) on food processes, Vergara-Solana et al. (2019) on the
aquaculture industry, or Fagioli et al. (2017) on the
multifunctionnality of olive oil value chain.

The objective of the present study was to emphasize the diver-
sity and potentiality of MCDA methods for agri-food research
(Fig. 1). To do so, for the first time, a group of scientists with
expertise covering the whole agri-food system worked altogether
to annotate a substantial amount of articles and further interpret the
results of a multivariate analysis to deduce what has been done and
what is still missing in agri-food research. The group of experts
reviewed a unique set of 954 MCDA studies by researchers from
INRA (the French National Institute for Agricultural Research) of
environmental science, plant and animal sciences, process engi-
neering, food security, and social sciences.

2 Materials and methods
2.1 Selection and annotation of scientific articles

The articles were selected and annotated in the framework of
an INRA internal project, run in 20162019, gathering experts
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covering the diversity of the disciplinary approaches and ap-
plications developed in the institute (agronomy, animal sci-
ence, biological science, genetics, silviculture, environmental
science, process engineering, food technology, food safety,
nutrition, consumer science, risk-benefit assessment, econom-
ics, applied mathematics, applied statistics, artificial intelli-
gence). The selection and annotation of papers were described
in the related data paper (Gésan-Guiziou et al. 2019).

Relevant articles published by INRA researchers from
2007 to mid-2017 were extracted in mid-2017 from the Web
of Science using two queries as described in Gésan-Guiziou
et al. (2019).

The resulting corpus of articles (4920) was then manually
classified as MCDA (954) or non-MCDA (3966) by domain
experts using a set of positive and negative criteria that defined
an “MCDA article.” In order to achieve this task, these data
(4920 papers) have been split into 13 Excel files correspond-
ing to scientific domains to cover the diversity of the disci-
plinary approaches and applications developed in INRA (see
Gésan-Guiziou et al. 2019). Classification has been done in
two steps. First, experts were trained to annotate the articles
through a double-blind annotation that has been done on at
least 50 randomly drawn articles in each of the 13 scientific
domains. The annotation consensus ranged from 70 to 92%
according to the scientific domain. This first annotation step
also allowed defining the classification rules (MCDA or non-
MCDA criteria). The remaining set of articles has been anno-
tated by at least one annotator. To be classified as MCDA
papers, articles had to present either (i) a study of several
alternatives based on several criteria/indicators with interpre-
tation (prioritization, ranking, comparisons,), even if done cri-
terion by criterion, or (ii) a study based on the design of ag-
gregated indicators representing a non-measurable phenome-
non/concept, or (iii) a multi-objective or single-objective op-
timization study with constraints expressed on criteria, or (iv)
a study on methodologies/methods explicitly related to a
MCDA approach, or (v) strategic/opinion paper about
MCDA approaches or issues requiring MCDA methods, or
(vi) a study which identifies a list of criteria to be considered
in assessing a system/property/concept. On the other hand, the
papers were classified as non-MCDA if they presented (i) a
descriptive study based on a set of variables/indicators not
interpreted in terms of comparison of alternative scenarios,
or (ii) the design of a phenomena predictive model (statistical,
numerical, etc.) unless it was explicitly integrated in a broader
approach of multi-criteria assessment, or (iii) a mono-
objective optimization study without constraints.

Next, the same group of INRA experts classified the
MCDA articles according to eight criteria: type of MCDA
study, purpose of the MCDA, target audience, dimensions
assessed, system/object assessed, spatial scale assessed, tem-
poral scale assessed, and stakeholder contributions. The
choice of those criteria was inspired from preliminary choices
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Fig. 1 Illustration of the networks
of activities of the food value
chain, from production to waste
disposal, covered by agri-food
system

in a methodological pathway to assess sustainability (Lairez
et al. 2017), such as the purpose (“why?”), audience (“for
whom?”), dimension and system/object assessed” (“what?”),
spatial scale (“where?”), and temporal scale (“when?”).

Categories associated with each of those 8 criteria, listed in
Gésan-Guiziou et al. (2019), were used to annotate the 954
MCDA articles. The Excel files with the annotations and clas-
sifications are available in a public repository presented by
Gésan-Guiziou et al. (2019).

Finally, the resulting dataset was analyzed by multivariate
technique as described below.

2.2 Statistical analysis

Each of the eight criteria had 5-10 binary subcriteria, yielding a
total of 58 binary variables. These subcriteria were used to char-
acterize each article. In other words, the dataset consisted of a
cloud of 954 points in 58-dimensional space. Multiple
Correspondence Analysis of the dataset was performed to analyze
the structure of the cloud and extract clusters of similar subsets of
articles. The R package FactomineR was used (http:/factominer.
free.fi/index.htm) (Le et al. 2008). The first step consisted of
calculating the number of articles with each sub-criterion. Then,
Multiple Correspondence Analysis (FactomineR function mca)
was used to project the dataset onto the subspace spanned by the

two dimensions/axes (i.e., vectors) that explained the most vari-
ability in the cloud. In Multiple Correspondence Analysis, the
inertia of axes (interpreted as percentage of explained variability),
used to rank axes, is small by construction. In fact, the percentage
for any axis is upper-bounded by J/(K-J), where J is the number of
variables (8 in our case) and K is the number of modalities (58 in
our case). Therefore, by construction, no axis can “explain” more
than 8/50 < 16% of the variability.

In this study, the first two dimensions, and even the third
one, were able to distinguish articles based on some of their
characteristics (FactomineR function dimanalysis).
Hierarchical clustering on Principal Components
(FactomineR function HCPC) was then applied to the
resulting cloud to group individuals into an optimal number
of clusters (determined from the inflection point of the inertia
gain), which was four. In each cluster, five “paragons” (i.e.,
individuals closest to the center of the cluster) were identified
and used to illustrate the cluster.

3 Results and discussion
This study characterized the diversity of situations in which

MCDA methods were applied in the agri-food sector and an-
alyzed the type of MCDA approaches used to date as well as
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their potentiality in accompanying the transition of agri-food
systems towards greater sustainability.

The results obtained in this study may have been influ-
enced by sampling studies from only one research institute,
INRA, which raises questions about the representativeness of
the sample. Ideally, the study would be repeated for a broader
sample of articles. However, one can assume that due to the
large number of INRA employees (> 8500), the diversity of
research conducted within the institute and its high ranking
(number one agricultural research institute in Europe and
number two in the world by number of peer-reviewed articles
published per year), the articles covered a broad range of the
agri-food research performed in the rest of the world.

3.1 Diversity of MCDA studies in the agri-food
research

3.1.1 Through the analysis of the entire dataset

The number of MCDA articles published per year by
INRA researchers increased continuously from 56 in
2007 to 144 in 2016. The analysis of the dataset showed
that the largest group of articles, that represented a third of
the MCDA articles analyzed (328 out of 954), used a list of
criteria or indicators (i.e., a non-dedicated method) instead
of a dedicated method to rank, classify, or compare op-
tions, even criterion by criterion (“type of MCDA study,”
Fig. 2a). The second largest group of articles (279) applied
a dedicated MCDA method, such as life cycle assessment
(LCA), to case studies without developing the method fur-
ther. Smaller groups of articles reported several develop-
ments in MCDA methods, including the following:

* Development of dedicated MCDA methods (163), each
with a given set of criteria and a framework to organize
and aggregate them. One example is the Multi-attribute
Assessment of the Sustainability of Cropping systems
(MASC) method (Sadok et al. 2009).

+ Investigation of specific methodological issues associated
with MCDA methods (141) (e.g., scale change, functional
units, uncertainty management). Examples include sensi-
tivity analysis of a DEXi-based decision tree (Carpani
et al. 2012), spatialized application of LCA (Nitschelm
et al. 2016), and scientific data reliability assessment
(Destercke et al. 2013).

* Development of generic methods (48), which do not have
a given set of criteria but can define, choose, organize, or
aggregate criteria. One example is the development of a
generic flexible multi-criteria querying method (Destercke
et al. 2011) that enables specific decision support systems
to be designed, such as the one designed to select food
packaging (Guillard et al. 2015).
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This analysis revealed two main research purposes: to cre-
ate new knowledge (68%) (e.g., identify changes in state,
compare systems) and to choose, sort, or rank options (56%)
(Fig. 2b). As expected, given publication in a peer-reviewed
article, the audience was mainly scientists (92%), develop-
ment engineers (61%) (e.g., from technical institutes, consult-
ing firms, and chambers of agriculture), and to a lesser extent
public stakeholders (28%) (e.g., national and local govern-
ments; the European Union; water, environmental, and health
and safety agencies) (Fig. 2c). The main dimensions assessed
were functional and technical performances, followed by en-
vironmental impacts, product quality, economic aspects, and
much less often, despite their importance to sustainability,
social and health impacts (Fig. 2d). Unsurprisingly for the
agri-food sector, more than half the objects studied were ani-
mals, plants, next food, and processing (Fig. 2¢). Most studies
focused on individuals (e.g., plants, animals), groups of indi-
viduals, or small systems (e.g., farms, diets, forests), while few
studies considered large-scale aspects (Fig. 2f). The same was
true for the temporal scale, since most studies assessed a sys-
tem or production cycle at a single point in time (Fig. 2g).
Studies of temporal dynamics (for instance, on resilience or
robustness) or long-term trends were rare. Finally, studies
considered that stakeholder contributions were rare, since
stakeholders either did not participate or were not specified
in most studies (Fig. 2h). Undoubtedly, to move towards sus-
tainable agri-food systems, large-scale studies, studies consid-
ering temporal dynamics, as well as studies involving multi-
actor and citizen engagement are needed.

3.1.2 Through statistical clustering

The Multiple Correspondence Analysis of the dataset made it
possible to split the 954 articles into clusters representative of
the main categories of multi-criteria studies at INRA and then
revealing typical MCDA approaches and methods used in
agri-food research. For that purpose, the inertia of axes
(interpreted as percentage of explained variability) was deter-
mined as 8.68% and 5.33%. These values were low, as ex-
plained in the Material and Methods section, but quite usual in
the literature for Multiple Correspondence Analysis, for in-
stance, 10.72% and 8.66% in Ayele et al. (2014). These two
dimensions were used to distinguish articles based on some of
their characteristics and split the 954 articles hierarchically
into four clusters of 239, 280, 359, and 76 articles, respective-
ly. Each of these clusters is illustrated using one of its five
paragons.

Cluster 1 (239 articles) grouped a quarter of the articles that
were from novice MCDA users. It included more than 120
articles on the genetic performance, health, and welfare of
individual animals that targeted an audience of animal scien-
tists. These studies identified elements of an option to im-
prove, create knowledge, or choose, sort, or rank options.
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performances

This cluster included studies that were relatively frequent in
the broader field of multi-criteria assessment (with or without
calculations) but that did not have “MCDA” in the title or
abstract. These studies assessed options according to several
criteria but did not explicitly mention MCDA as a technique
or a scientific approach. In this sense, their authors were

novice MCDA users who did not consider temporal dynamics
or dynamic sustainability aspects (e.g., resilience, robustness,
vulnerability) and did not involve stakeholders. Cluster 1 is
illustrated with a paragon focused on an animal genetic selec-
tion method (Shumbusho et al. 2016) that was developed by
combining economic indicators (e.g., annual monetary genetic
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gains, economic returns, contribution margins) but without
following a specific MCDA method (Fig. 3).

Cluster 2 grouped 30% (280) of the articles that dealt with
food and used a dedicated MCDA method. It consisted mainly
of studies of product quality and human health effects of in-
dividual foods and their processing that targeted an audience
of food and process engineers and scientists. These studies
choose, sorted, or ranked options or created knowledge. As
in cluster 1, articles in cluster 2 described studies that tended to
ignore temporal dynamics and did not involve stakeholders.
Unlike cluster 1, authors used dedicated MCDA methods,
particularly multi-objective optimization, to address multi-
response issues. Accordingly, the five paragons identified
for this cluster focused on food products. Cluster 2 is illustrat-
ed with a paragon that focused on the importance of the func-
tional unit chosen to determine sustainable foods (Masset et al.
2015) (Fig. 4). The objective of the study was to determine the
most sustainable foods in the French diet. The authors used a
simple aggregation method to calculate a single score from 0
to 3 from the three indicators to identify sustainable foods
(score = 3). The study, which targeted researchers, showed
that the choice of functional unit is crucial since it can deter-
mine which foods are considered sustainable.

Nearly 40% (359) of the annotated articles were in cluster
3, which grouped studies of a variety of objects (e.g., terri-
tories, plants, animals) analyzed with a dedicated MCDA
method. Cluster 3 included articles covered environmental,
economic, and social dimensions, as well as ecosystem ser-
vices, of human organizations or plant- and animal-based sys-
tems. It included several disciplines, such as sustainability and
environmental science). The studies targeted scientists, engi-
neers, and public, private, and non-governmental stakeholders

at the scale of a territory, product chain, or population. The
studies chose, sorted, or ranked options; created or provided
knowledge; or organized actions. They tended to ignore tem-
poral dynamics, use a dedicated MCDA method, and not in-
volve stakeholders. The five paragons associated with cluster
3 reflected the diversity of objects studied: biomass conver-
sion, biofuels, soil erosion, invasive species, and cropping
systems. Several of the studies used LCA, such as Bellon-
Maurel et al. (2013), who focused on scientific issues to con-
sider when applying LCA to the use of waste and biomass.
They described current attempts to address these issues and
identified the main scientific issues involved in each phase of
the LCA framework (Fig. 5).

Articles of these three clusters did not involve stakeholders
in the studies, although public and private stakeholders were
listed as target audience for almost half of the articles of these
three clusters.

Indeed, the few studies (less than 10%) involving stake-
holders were grouped in cluster 4 (76 articles). More precisely,
cluster 4 included studies which involved stakeholders in the
choice of the method, definition of criteria and indicators, and
aggregation and interpretation of indicator results. These stud-
ies focused on environmental, social, economic, and product-
quality dimensions of plant-based, plant-and-animal-based,
and food systems. They targeted scientists, engineers, and
public and non-governmental stakeholders and focused on
individuals or groups of individuals. These studies chose,
sorted, or ranked options; created knowledge; or organized
actions. They tended to ignore temporal dynamics and use a
dedicated MCDA method. Like for cluster 3, paragons of
cluster 4 addressed a variety of objects, such as human
microbiota, insects, crop diversity, and cropping systems.

Fig. 3 Illustration representative [
of studies in cluster 1: procedures

to compare the cost, monetary
genetic gain, and economic
efficiency of classic selection and
genetic selection plans in the

sheep meat industry. Adapted (Classic)

progeny testing

Genetic selection scenarios ]
Phenotypic . . .
R yp Pure Combined selection on Genomic
selection and . . . .
genomic genomic and phenotypic selection and

selection informations progeny testing

/

from Shumbusho et al. (2016)

Cost

¢

Pretreatments and
intermediate calculations

Annual Monetary
Genetic Gain

Economic
efficiency

Discussion and conclusions made per criteria (cost, monetary genetic gain and
economic efficiency), without mentioning a multicriteria technique or decision
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Step 1
Criteria Greenhouse gas
used to emission from Food
determine n production data
sustainable (source Greenext)
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GHGE GHGE
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unit: keal
Step 3 [
Ranking of Starchy foods >> Fruits & vegetables
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perceptage of sweets > Dairy products
‘sustainable’
foods L

Fig. 4 Illustration representative of studies in cluster 2: design of
indicators of sustainable food. This study used data from the French
Individual and National Dietary Survey (INCA2), in which individuals
recorded food consumption for 1 week. Three sustainability indicators

However, some were also generic, for instance, presenting a
method without a dedicated application, such as the method
developed by Boukhelifa et al. (2013) to help experts/end-
users better explore complex model trade-offs and reach in-
formed decisions (Fig. 6). The main idea behind their devel-
opment of a prototype visualization tool (EvoGraphDice),
which supports Evolutionary Visual Exploration (a combina-
tion of visual analysis and interactive evolutionary

Food consumption
data (source INCA2)

Food price data
(source Kantar)

Nutrnﬂona_l Price Price
quality ratio conversion conversion
calculation into €/kcal into €/g

(One)

Sustainable Food
Score calculation,
functional
unit: g

Fruits & vegetables >> Starchy foods
> Dairy products > Mixed dishes >
Salted snacks & sweets

were chosen: environmental impact (via greenhouse gas emissions
(GHGE)), nutritional quality (using two distinct nutrient profiling
systems), and price. The dataset included the 402 foods consumed the
most in France. Adapted from Masset et al. (2015)

calculation), was that interactive visualization can help users
understand trade-offs better (Boukhelifa et al. 2013).

In conclusion, this study clearly highlighted great diversity
in the approaches used in the articles selected. A major result
is that a large proportion of studies (one-third) used non-
dedicated methods to analyze a list of indicators. The cluster-
ing approach showed a strong influence of scientific disci-
plines with non-dedicated methods mainly used in animal
science (cluster 1) but not (or less frequently) in product

i 2 How to build
i models for complex
: systems ?
Energy | » NH. >
\’
Production ——3 NO, —
system
» N.O »
Non- / —— co. /
renewable
resourzes . » 277 »

3 Wkat are the specific impacts and associated pathways ?

Midpoint Endpoint
Acidification Human life
Eutrophication Ecosystems

Climate change
Resource
depletion
2?7 ‘

5 How to make
LCA-based
v decisions ?

| Interpretstion'l """"""""""""""" }

Fig. 5 Illustration representative of studies in cluster 3: scientific issues to consider when applying life cycle assessment (LCA) to the use of waste and

biomass. Adapted from Bellon-Maurel et al. (2013)
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Fig. 6 Illustration representative
of studies in cluster 4:
development of a generic
interactive procedure
(Evolutionary Visual
Exploration) and tool
(EvoGraphDice) to explore multi-
dimensional datasets by
combining multiple calculation
stages and visual inspection by
users. Adapted from Boukhelifa
etal. (2013)

Multidimensional

Applications datasets

—

Feedback

—————

€

v

2 v
i Model L Visualization
Experimental _— . . Optimization : —>
systems simulation EvoGraphDice )
Results Interactions

Multiple calculation stages Experts/

_— end-users

¥

Suggestion of new interesting scenarios

Quantification of qualitative hypotheses

quality and human health disciplines (cluster 2) or in sustain-
ability science (cluster 3). The latter two disciplines use ded-
icated MCDA methods and focus more on decision support,
such as for sorting or selecting the best options. The suggested
classification also showed that most articles aim to create
knowledge, which can be based on a list of descriptive
indicators.

3.2 Potentiality of MCDA in sustainable agri-food
systems

There is a great potential for improvement of MCDA methods
in the agri-food sector, and this study highlighted the potential
for applying MCDA methods in research by identifying—via
the clusters, which were strongly influenced by discipline—
studies in which MCDA tools, techniques, and concepts can
be applied.

The cluster analysis confirmed, via cluster 1, a relation
between “scientists” as the target audience, studies that used
a “non-dedicated method,” and the purpose “to choose, sort,
or rank options.” In this case, the lack of a dedicated MCDA
method may result in “intuitive,” non-transparent aggregation
by readers who want to draw conclusions (e.g., about the
overall sustainability of a system). As Bockstaller et al.
(2017) indicated, non-aggregated indicators and an aggrega-
tion procedure are often useful during different stages of an
evaluation. MCDA methods are then urgently required to
make decisions based on several criteria in order to avoid
non-transparent empirical decisions. The relation between
product quality and a dedicated method based on optimization
(cluster 2) is simple to understand, since optimization is often
used in industrial processing, which requires optimal solu-
tions. This raises the question of advantages of other MCDA
methods in this sector and highlights the potential for scien-
tists to improve the multi-criteria approach, specifically in the
disciplines of animal science (cluster 1), product quality and
human health (cluster 2), and sustainability science (cluster 3)
by using better funded dedicated MCDA methods.

It comes out from the analysis of the MCDA approaches
among agri-food research that there are major differences in
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the dimensions assessed, scales assessed, and stakeholder con-
tributions, which suggest avenues for future research. The
environmental and economic dimensions are often addressed,
unlike the social dimension. Quality is a major challenge for
the agri-food sector, as indicated by its frequency. Many
frameworks include product quality in the social (Sadok
et al. 2009) or economic dimension (Scialabba et al. 2014).
Human health and animal and plant health are less frequent,
but the emerging concept of “one health” may encourage
studies on these dimensions. Similarly, the FAO’s global ini-
tiative to consider food safety, nutrition, and economics in
decisions may increase use of MCDA in the sector of food
safety (FAO 2017). In addition, ecosystem services have rare-
ly been considered in MCDA methods to date, although they
are considered in many ecological studies. This relative lack
of consideration is expected to change in the coming years.

For spatial scale, most studies focus on the farm scale,
while studies at larger scales (e.g., territory, region) are less
frequent. Larger-scale studies, such as those of a territory,
require datasets that are more difficult to obtain. More inter-
esting is the wide use of static approaches for the temporal
scale, which is the common practice in sustainability science.
Again, this may be due to the lack of time-series of data. It also
results from defining “sustainability” restrictively as the abil-
ity to fulfill goals or to satisfy management guidelines.
Recently, studies have used concepts such as “viability,” “re-
silience,” “robustness,” and “vulnerability” (Urruty et al.
2016), which consider dynamic aspects of sustainability.
However, these studies did not use a multi-criteria approach
and often addressed only criteria such as yield or profitability.
Furthermore, ca. 20% of the studies we reviewed assessed the
production cycle, which reflects the use of LCA, which is
often used in environmental sciences.

Finally, most studies did not include stakeholders or spec-
ify their contributions, but stakeholder involvement is an im-
portant issue in sustainability science and operational re-
search. Cluster 4 included only 76 of the 954 articles, perhaps
due to their main purpose, which was to create knowledge.
Nonetheless, including stakeholders in MCDA studies may
increase acceptance and use of the knowledge that the studies
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generate (Macharis and Bernardini 2015; Triste et al. 2014).
Many situations can benefit from a participatory approach.

3.3 Innovative strategy to analyze MCDA approaches
in the agri-food sector

The methodology applied in this study and the results obtain-
ed are original and bring several strengths compared to previ-
ous reviews of MCDA methods.

This study is the first one to present an overview and
analysis of MCDA approaches and methods developed in
the agri-food research. To date, no review or meta-analysis
has focused specifically on MCDA approaches in the entire
agri-food system, taken in its comprehensive span from
agriculture production to food consumption including food
processing and waste management. Some reviews related
to MCDA have been recently published in this sector on
water and irrigation (13 reviews), pesticides (3), territories
(20), climate change (2), sustainability (17), agricultural
production (5), and the farm-to-fork chain (11), but no
comprehensive review of the agri-food system exists. The
review done in this work addresses a broad range of agri-
food fields, including all food products (e.g., meat, fish,
fruit and vegetables, cereals, dairy, beverages) and many
disciplines (e.g., agronomy, process engineering, environ-
mental sciences, nutrition, mathematics, economics, social
sciences) associated with agriculture and food production.
Moreover, the review is based on a sample size (954 arti-
cles) larger than those of most previous reviews.

Contrary to previous studies, this work proposes an origi-
nal analytical framework based on eight new criteria derived
from preliminary choices in a methodological pathway to as-
sess sustainability (Lairez et al. 2017), such as the purpose
(“why?”), audience (“for whom?”), dimension and system/
object assessed (“what?”), spatial scale (“where?”), and tem-
poral scale (“when?”). Existing reviews contain some of these
criteria along with other descriptors such as the country, jour-
nal, sector, or specific method. For instance, Mardani et al.
(2015) used expert opinion to group 393 articles based on 15
criteria and then categorized them further based on authors,
publication date, journal name, method, tool, and type of re-
search (MCDA that uses, develops, or proposes research).
Certain criteria have not been used in previous reviews. The
first criterion—"“type of study”—is original and highlights
two gradients in MCDA studies: (i) genericity, from applica-
tion of a MCDA method to generic research on MCDA meth-
odology and (ii) degree of organization and development,
from the use of a list of indicators to the development of a
generic method. The last criterion—"stakeholder contribu-
tions”—also addresses an important issue in the development
of MCDA methods. Developing an MCDA method with a
participatory approach is considered to increase the success
of implementing the method (Triste et al. 2014). The 5-10

subcriteria of the eight criteria we used to describe MCDA
methods yielded 58 binary variables, a large number that char-
acterized the diversity of the articles better.

Finally, a major strength of this study was the use of
multi-variate and cluster analysis to identify interrelation
between criteria. The previous studies showed that MCDA
methods have been increasingly used since the 2000s, es-
pecially since 2005, as the concept of sustainable develop-
ment, which is intrinsically multi-criteria, grew. These re-
views mapped the distribution of articles based on criteria
such as the period of publication, authors’ countries or
institutions, and type of journal, but they did not explore
whether the criteria were interrelated or/and may help iden-
tify clusters in the whole set of publications. Most of them
described each criterion individually without analyzing re-
lations among the criteria. Wustenberghs et al. (2015), for
instance, calculated correlations between pairs of criteria,
thus revealing many associations among them, to examine
how sustainability frameworks, metrics, and tools and their
use can be improved to future-proof agricultural decision-
making. Their analysis was not sufficiently developed,
however, and they recommended performing cluster anal-
ysis to provide decisive conclusions. Some very recent
studies successfully developed multi-variate analysis of
data as carried out in this study, but not in the agri-food
sector. One example is the study of Vordsmarty and Dobos
(2020) who reviewed papers on the use of the Data
Envelop Analysis (DEA) to select suppliers and run a
multivariate analysis and identified several clusters of
papers. Cinelli et al. (2020) developed a taxonomy-based
approach to classify MCDA to help end-users control the
enormous diversity of MCDA methods and to guide them
in the selection of the method. Last, Macharis and
Bernardini (2015) also went beyond mapping criteria to
develop a general framework for evaluating transport pro-
jects. It was out of the scope of our review to develop a
decision aid like Cinelli et al. (2020) or a methodological
framework like Macharis and Bernardini (2015). However,
this study carried out a cluster analysis, in the agri-food
sector, on much broader sample of methods regarding its
size and content than previous authors and was able to
identify clusters of methods highlighting diversity and po-
tentialities of MCDA methods.

4 Conclusion

This study presents for the first time a comprehensive analysis
of a substantial dataset in agri-food research showing the di-
versity and potentiality of multi-criteria decision analysis
methods. It provides bibliometric insights for scientists to
use MCDA methods and highlights the richness and diversity
of MCDA studies in the agriculture and food sector, including
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many disciplines related to these domains. This study differs
from other studies by (i) the sectors covered and their broad
definition, (ii) the analytical framework used to define criteria,
and (iii) use of multi-variate and cluster analyses.

One major result is the large proportion of studies that
used a non-dedicated method based only on a list of indi-
cators, even when the purpose was to choose, sort, or rank
options. The clustering approach shows a strong influence
of scientific disciplines on the MCDA methods used and
the range of their overall degree of use. It highlights po-
tential improvement for disciplines such as animal science,
which mainly use non-dedicated methods. For other disci-
plines, such as those that focus on product quality and
human health or sustainability, the issue is whether other
MCDA methods are relevant.

Avenues for future agri-food research in which MCDA
tools, techniques, and concepts could provide new insights
have been identified. For instance, general effort has to be
made to focus on including temporal dynamics and changes
in spatial scale since studies rarely consider them. Ecosystem
services are expected to be included in MCDA methods in the
coming years and applied beyond ecological studies.
Likewise, participatory science will allow the involvement
of stakeholders (i.e., public authorities, governmental agen-
cies) and end-users (i.e., farmers, producers, industrials, con-
sumers) in the construction of the multi-criteria evaluation but
also the subsequent decisions. In the future, interdisciplinary
exchanges on MCDA methods will likely enable disciplines
to better use the potential of these methods. Doing so requires
studies that identify the many approaches available and help
users apply them.

This study emphasized the added value of MCDA in the
entire agri-food sector to move from describing or ranking
systems to building evidence-based decisions that consider
multiple factors and stakeholders. It was based on a large
sample but from one research institute and one country. This
stresses the importance of repeating such studies in different
contexts, such as at the European scale. Doing so would re-
quire including other specific regional criteria to improve the
analysis.
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