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• This study reviews and categorises 36
quantitative food system scenario
studies.

• A typology of four scenario types is
proposed based on scenarios’ purpose
and design process.

• Two scenario types are more normative
and two are more exploratory.

• Methodological choices are vast and
have implications for interpretation.

• Different types of scenarios can be use-
ful in different contexts and purposes.
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A B S T R A C T

CONTEXT: Quantitative scenarios have become common tools to explore the evolution of agricultural and food
systems and their necessary transition towards greater sustainability. Yet, despite the diversity in methods and
questions explored, a notable gap remains in methodically categorizing such scenarios.
OBJECTIVES: Through reviewing a broad range of studies, this paper aims to address this gap. It pursues two
main objectives: (1) proposing a comprehensive typology classification of distinctive scenario types; (2) delving
into the practical implications that diverse scenario designs bring to the forefront.
METHODS: Based on a snowball sampling method, 36 quantitative food system scenario studies were included in
the sample and reviewed. A coding process allowed to characterize each scenario based on a set of variables
focused on the scenarios’ design process (e.g. purpose of the scenarios, number of scenarios tested, scale of
analysis, consideration of production systems, sectors of interest, considered sustainability dimensions, etc.).
Typology identification involved two iterative rounds of discussion among the authors, based on variables
deemed pivotal for distinguishing scenario types.
RESULTS AND CONCLUSIONS: The paper proposes four scenario types of quantitative food system scenarios,
centered on the scenarios’ purpose and design process. Scenario types A and B are more normative as they seek to
demonstrate the feasibility of a specific scenario or frame the conditions for its feasibility, differing in the number
of scenarios tested (respectively one and many). Scenario types C and D are more exploratory as they aim to
assess the consequences of different scenarios, differing in the number of scenario variables being explored
(respectively one and many). Besides the proposed classification, the paper discusses important methodological
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considerations related to scenario design (e.g. the consideration of multiple sustainability dimensions, the
adoption of participatory approaches, etc.).
SIGNIFICANCE: This paper contributes to enhancing coherence across food system foresight studies and helps to
ensure that quantitative scenarios are utilized effectively for their intended purposes, such as assessing the
feasibility of achieving a goal or evaluating different options.

1. Introduction

1.1. Foresight as a valuable discipline for food system transitions

Agriculture and food systems stand as significant contributors to the
global and local environmental challenges faced by societies. Across the
nine planetary boundaries related to Earth-system processes as defined
by Rockström et al. (2009), agriculture & food systems are concerned
with at least five: biodiversity loss, nitrogen and phosphorus cycles,
climate change, chemical pollution and land use change (Bowles et al.,
2019; Campbell et al., 2017; Foley et al., 2011). As these challenges
escalate, questioning the governance and future visions of these systems
becomes imperative.

The need for a fundamental transformation in global food systems is
clear, calling for a re-evaluation of evolution pathways. Foresight
studies constitute a valuable discipline in this perspective. Foresight is
understood here as the broad discipline which gathers several sub-
schools of thought and terminologies, including future studies, stra-
tegic foresight and the French prospective approach (Coates et al., 2010).
Besides lexicographical differences, each school has its specificities (e.g.
in terms of relation with decision-making, or the level of participation
and actor engagement) but shares the overarching goal of facilitating the
creation of new visions of the future (Coates et al., 2010; McEldowney,
2017). Contrary to forecasting which exclusively relies on the extrapo-
lation of past trajectories to predict insights into the future, foresight
adopts a broader perspective, including possible ruptures and critical
uncertainties to explore mid- to long-term future situations (de Lattre-
Gasquet et al., 2023; McEldowney, 2017; Woodhill et al., 2024). Fore-
sight is embedded into systemic thinking (de Lattre-Gasquet et al.,
2023). As such, foresight studies can play an essential role in addressing
the uncertainty of potential futures, particularly in the dynamic land-
scape of agriculture and food systems. Foresight studies can contribute
to empowering organisations to anticipate and prepare for forthcoming
challenges or opportunities.

1.2. Quantitative scenarios as useful tools in the context of foresight
studies

Scenarios, either qualitative or quantitative, emerge as central tools
in foresight studies and associated frameworks such as transition man-
agement (Dendoncker et al., 2018; Duru et al., 2015; Loorbach, 2010).
In particular, quantitative scenarios do so by presenting numerical data
through tables and graphs. They consist of simulations that test a set of
assumptions with the help of a model (see Box 1 for more detailed
definitions of scenario-related terms). Quantitative scenarios offer a
robust method to scrutinise the evolution of agricultural and food sys-
tems, as exemplified by numerous publications in recent years, partic-
ularly in a European context (Couturier et al., 2022; Poux and Aubert,
2018; Rieger et al., 2023; Riera et al., 2019; Röös et al., 2017a; van Selm
et al., 2023). This paper positions itself at the forefront of exploring
quantitative foresight scenarios within the agriculture and food systems.
Our focus extends to the intricacies of quantitative scenario design,
unravelling how these scenarios are constructed. We contribute a
comprehensive typology categorisation to identify distinctive groups of
scenario exercises. Moreover, we engage in a discussion shedding light
and insights on the practical implications that diverse scenario designs
bring to the fore, marking a significant contribution in the discipline of
agricultural and food system foresight.

1.3. Comparative analyses of food system scenarios

The growing interest in foresight and quantitative scenario model-
ling for scrutinising the inherent uncertainty of food systems and their
potential development pathways has spurred several analyses seeking to
compare and classify scenario studies. Here we synthetise the findings of
four seminal studies that analyse the design and implementation of
quantitative foresight approaches within the context of food systems.
We focus on existing proposals to classify scenario studies and on
methodological considerations regarding scenario design, including el-
ements of scale, sustainability dimensions and themes, production sys-
tems and participatory approaches.

Reilly and Willenbockel (2010) employ a classification derived from

Box 1
Definition of scenario-related terms.

Scenarios are defined by the European Environment Agency as “a plausible description of how the future may develop based on a coherent and
internally consistent set of assumptions about key driving forces (e.g., rate of technological change, prices) and relationships. Scenarios are neither
predictions nor forecasts but provide a view of the implications of developments and actions” (EEA, 2017).

Qualitative scenarios employ language or visual symbols, often presented as narrative storylines, to describe existing or potential drivers and
strategic future directions (EEA, 2017).

Quantitative scenarios correspond to simulations derived from models following a comprehensive set of assumptions (EEA, 2017). They
represent a possible trajectory in time resulting from a set of variables simulated under parameter and input combinations.

Models are mathematical or physical representations of a system that account for all or some of its known properties (EEA, 2017). They allow
computing quantitative scenarios by testing the effect of changes in system components on the overall performance of the system.

Scenario variables are the variables (system components) that are affected by scenario assumptions and which, by changing their default value,
affect the outcomes of the model.

Scenario exercises consist of individual studies that model one or more quantitative scenarios. Thus a scenario corresponds to one single
simulation whereas as a scenario exercise corresponds to the set or family of scenarios tested by authors within one scenario study.

A. Riera et al.
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Börjeson et al. (2006), categorizing scenarios based on their purpose.
They distinguish between three categories of scenarios, each offering
unique insights into the potential evolution of food systems: predictive
scenarios aim at finding out what will happen, exploratory scenarios
investigate what might happen, and normative scenarios aim to uncover
how to reach a certain predefined state. This classification is under-
pinned by analysing five case studies, representative of the three pro-
posed categories. Regarding sustainability, the authors conclude from
their analysis that the concept has been insufficiently explored in its
multidimensionality, with overemphasis on ‘narratives of growth’ (and
thus the economic dimension of sustainability) and too little attention to
integrated assessments of the economic, biophysical, political and
institutional dimensions of the food system (Reilly and Willenbockel,
2010).

Prost et al. (2023) shift their focus to exploring and defining desired
futures, particularly supporting agroecological transitions at the farm
level. They draw connections between the scale of analysis and the ac-
tors leading the foresight exercise, distinguishing between farmer-led
scenarios focussed on the farm level, and expert-based scenarios often
operating at broader levels (regional, national, European and global). In
this regard, they stress the difficulty to integrate such different ap-
proaches and scales of operation, with a particular focus on the inte-
gration of the farm level. Similarly to Reilly and Willenbockel (2010),
Prost et al. (2023) identify that the exploration of desired futures and
targets ranges from being based on pre-identified solutions to more open
and exploratory answers. Looking at farm-level assessments, the authors
also note imbalances in the sustainability dimensions addressed, with a
lower level of attention and detail for social sustainability.

Duru et al. (2021) contribute by reviewing six scenarios that quantify
greenhouse gas emissions for achieving net-zero emissions by 2050 and
shifts in dietary patterns, particularly reductions in meat consumption.
Their analysis evaluates scenarios based on two key considerations:
whether the climate challenge is primarily addressed through techno-
logical improvements or socio-technical behavioural changes, and
whether the scenarios exclusively focus on climate objectives or adopt a
more systemic approach. By doing so, they bring important consider-
ations on the link between diverse production systems (e.g. extensive or
intensive) and the choice of sustainability indicators being assessed (e.g.
climate change or biodiversity). They conclude that scenarios focused on
technological solutions are mostly climate-centred and tend to overlook
biodiversity and health. On the other hand, scenarios considering mul-
tiple sustainability objectives (including for example biodiversity and
health) are based on more systemic innovations, requiring behavioural
and societal changes (e.g. regarding the consumption of animal prod-
ucts) which are more challenging to implement as a greater number of
socio-technical barriers need to be removed (Duru et al., 2021).

Finally, de Lattre-Gasquet et al. (2023) scrutinise thirteen foresight
studies, including both qualitative and quantitative approaches, with a
specific focus on agroecology. Through their analysis, they provide
important insights on how food system foresight approaches are
currently being implemented. While not proposing an explicit classifi-
cation, this research sheds light on the main characteristics of foresight
approaches. Among other elements, the authors distinguish four (non-
exclusive) aims of scenario exercises, including advocacy; structuring
debates and navigating diverse futures; analysing and assisting political
decision-making; empowerment and capability development. Further,
they analyse the geographical scales of analysis and note the potential
challenges related to the ‘translation of scales’. They also note that the
type of participation in foresight is related to scale, with global exercises
mostly involving experts and researchers while more local exercises are
more likely to engage with a greater diversity of actors. Looking at the
sustainability dimensions and themes included and the drivers of change
considered, they note high occurrences for land use issues, biodiversity
and climate change (the latter being mainly considered as a driver rather
than as an outcome) while water resources are not much considered. On
the socio-economic side, general food security, wages, profits and trade

appear well-researched whereas social sustainability is not frequent.
These comparative analyses collectively underscore the diversity of

methods and questions explored in quantitative food systems scenario
exercises. However, a notable gap exists in a more systematic classifi-
cation and analysis of such scenarios. With the burgeoning number of
quantitative scenario studies, this paper aims to fill this void. Building
on the findings from the four studies presented above, this analysis aims
to complement and consolidate them by pursuing two main objectives:
(1) propose and/or confirm a stabilising framework to classify quanti-
tative foresight food system studies, and (2) discuss methodological
considerations and their implications with regards to elements of sce-
nario design, such as the boundaries of scenario exercises, the inclusion
of sustainability dimensions or the consideration of a variety of pro-
duction systems. Importantly, we aim to base our analysis on a broader
and sufficiently diverse set of studies to provide a robust framework
which can support further discussions on the design and relevance of
food system scenarios.

2. Methodology

2.1. Overview

A four-step methodology was rolled out in the research process: (1) a
study selection step allowed to build up the set of studies that would be
reviewed; (2) a coding step consisted in reviewing and characterising the
selected studies with the help of a set of variables; (3) a typology iden-
tification step led to discerning main categories of scenario studies in the
sample; (4) an analysis step investigated methodological considerations
regarding quantitative food system scenarios.

2.2. Study selection

Initiating the literature review, the identification of studies (Fig. 1)
began with two rounds of expert meetings, organised in March and April
2020, which gathered sixteen experts from across Europe. All members
had a proven expertise in the subject as they had all previously co-
authored or participated in food system scenario studies. Experts were
tasked with compiling a list of food system scenarios, while also dis-
cussing the nuances of scenario design, encompassing research in-
tentions and outcomes. These expert sessions yielded an initial list of
eleven reference studies constituting the basis of our analysis (Table 1).
This process led to the writing of a draft working paper based on the
eleven reference studies. Building on this work, a more in-depth litera-
ture review was carried out in 2022–2023, consisting in an iterative
process systematically exploring all studies citing these eleven reference
studies, starting with the oldest one (Agrimonde scenarios; Chaumet
et al., 2009). This chronological snow-ball sampling process led to the
identification of additional studies (6243 citations), which were tested
against inclusion/exclusion criteria. The criteria ensured focus on
studies proposing new scenario exercises featuring the modelling of one
or more quantitative scenario with a specific focus on the food system
(Table 2). The analysis in this paper focuses on the scenario exercises as
a whole (i.e. the reviewed studies), looking at how individual scenarios
are constructed within those exercises. To be noted that reference
studies mentioned during the expert sessions were not automatically
included in the final list if they did not comply with the inclusion
criteria. For instance, van Zanten et al. (2018) was excluded as it does
not actually model a new scenario. In first instance, 37 studies were
selected based on title and abstract reading. After reading these studies
in full, one additional study was excluded as it adopted a qualitative
scenario approach (Mitter et al., 2020). As a result, a total of 36 articles
were eventually included (Table S1 in the Supplementary material).

2.3. Coding

Moving to the coding process, a set of coding variables was
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established to characterize the selected articles, and the scenario exer-
cises they propose (Table S2 in the Supplementary material). Coding
variables were initially proposed based on authors’ knowledge of sce-
nario design. Five test articles were coded in first instance to calibrate
and refine the coding process. Subsequent coding of articles was con-
ducted independently by the authors. The main focus of the coding
process resided on elements including the purpose of the scenario ex-
ercises, the number of scenarios tested and the number of scenario
variables, the adoption of participatory approaches, the time horizon,
the scenario boundaries (in terms of geographical scale and analysed
sectors), the number of production systems considered and the inclusion
of sustainability dimensions.

2.4. Typology identification and classification of studies

Building a typology consists in the “classification of objects, structures,
or specimens by subdividing observed populations into a theoretical sequence
or series of groups (types) and subgroups (subtypes) according to consider-
ation of their qualitative, quantitative, morphological, formal, technological,

and functional attributes” (Oxford Reference Dictionary, 2008). The
process of delineating a typology involved two iterative rounds of dis-
cussion among the authors. Initially, each author submitted two or three
variables they deemed pivotal for distinguishing scenario types. As a
reminder, the focus of the typology lies on the scenario exercise as a
whole, i.e. the set of scenarios tested by authors within one study. The
first meeting was dedicated to scrutinising and deliberating these initial
proposals. Upon achieving a consensus, the authors were divided in two
groups. The first group contributed to formulating descriptions of the
identified scenario types and classifying the articles. Subsequently, the
remaining authors rigorously tested and scrutinised the classification.
Instances of disagreement were carefully discussed, fostering a refine-
ment of both the typology descriptions and the classification of articles.
This collaborative process ensured a comprehensive and robust frame-
work for distinguishing scenario types, fostering clarity and coherence
in the subsequent analysis.

The selection of variables to categorise studies and identify scenario
types centred on two aspects: the purpose or intention of the research
and the intricacies of scenario design. On the one hand, purpose de-
lineates whether the desired future is distinctly identified and aligns

Fig. 1. Methodological approach followed for the selection of analysed studies.

Table 1
Initial compilation of reference studies identified by experts and number of
associated citations that were explored as part of the snowball sampling process.

Name of the study Reference Cited
by

1. Agrimonde: Scenarios and Challenges for
Feeding the World in 2050

Chaumet et al.,
2009

86

2. Afterres 2050 – Un scénario soutenable pour
l’agriculture et l’utilisation des terres en France
à l’horizon 2050

Couturier et al.,
2016

8

3. Limiting livestock production to pasture and by-
products in a search for sustainable diets

Röös et al., 2016 126

4. Agrimonde-Terra: Foresight land use and food
security in 2050.

de Lattre-Gasquet
et al., 2016

41

5. Protein futures for Western Europe: potential
land use and climate impacts in 2050

Röös et al., 2017b 78

6. Strategies for Feeding the World More
Sustainably with Organic Agriculture

Muller et al., 2017 495

7. Une Europe agroécologique en 2050: une
agriculture multifonctionnelle pour une
alimentation saine (TYFA)

Poux and Aubert,
2018

55

8. Less is more: Reducing meat and dairy for a
healthier life and planet

Tirado et al., 2018 21

9. Defining a land boundary for sustainable
livestock consumption

van Zanten et al.,
2018

208

10. Pathways to Sustainable Land-Use and Food
Systems

FABLE, 2019 3

11. Food in the Anthropocene: the EAT-Lancet
Commission on healthy diets from sustainable
food systems

Willett et al., 2019 5122

Table 2
Inclusion/exclusion criteria applied for the selection of studies following the
snowball sampling process.

Inclusion Exclusion

The study focuses on food systems
(targeting activities from agricultural
production to food consumption)

The study does not focus on food systems
(e.g. energy sector; health sciences; etc.)

The study includes a quantitative
scenario

The study includes a qualitative scenario
approach (e.g. through the development
of narratives and storylines)1

The study proposes a scenario exercise
and models one or more scenarios

The study:

- compares different scenarios or
models but does not propose a new
one2,

- defines targets allowing scenario
development3,

- describes the participatory approach
that leads to the modelling exercise4,

- describes the software/model used to
perform the scenarios5,

Available online text Unavailable resources such as books
The study is a scientific report or article The study is a master’s thesis

1 E.g. Mitter et al. (2020).
2 E.g. van Zanten et al. (2018).
3 E.g. van Vuuren et al. (2022).
4 E.g. Karlsson et al. (2018).
5 E.g. Kalt et al. (2021).
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with a singular more normative vision or whether a more open-ended
and exploratory approach is adopted. On the other hand, scenario
design encapsulates both the number of scenarios examined and the
variables explored within each scenario (number of variables involved
in scenario design and how they influence scenario design). It is perti-
nent to note that our classification hinges on the methodological ap-
proaches to scenario design rather than on the narratives of the scenarios
(i.e. the content or storytelling that is being emphasised in the
scenarios).

2.5. Analysis of scenario characteristics

Once the scenario types were identified, subsequent analyses delved
further into the analysis of the coding variables, describing scenario
characteristics and thus enriching contextual understanding. Specific
attention was paid to the depth of actors’ involvement, the scale of
analysis, the consideration of production systems, the considered time
horizons, the sectors of interest and the incorporation of sustainability
dimensions (social, economic, environmental) within the scenarios. This
multi-faceted analytical approach, performed through the lens of the
identified typology when possible, facilitated a comprehensive explo-
ration, going beyond the mere classification of scenario types.

3. Results

3.1. Identification of four methodological scenario types

Departing from a set of 36 studies, this review set out to identify
different types of food system scenarios. Based on the purpose of the
research and the scenario design, a typology composed of four scenario
types is proposed (see Graphical Abstract, Fig. 2 and Table 3).

Purpose refers to the normative or exploratory character of the
modelling exercise and what is predetermined. One coding variable al-
lows to distinguish two groups in terms of purpose. A first group
composed of 15 studies aims to demonstrate the feasibility of a specific
scenario or to frame the conditions for its feasibility. A second group,
composed of 21 studies, aims to assess the consequences of different
scenarios or trajectories. As such, the first group can be considered as
more normative whereas the other group can be considered as more
exploratory.

Scenario design refers to specific modelling choices. Three coding
variables were used to further subdivide the two groups obtained pre-
viously: the number of scenarios, the number and set of scenario vari-
ables. Within the ‘normative group’, one subgroup (scenario type A)
composed of six studies tests one single scenario based on a unique set of
scenario variables. A second subgroup (scenario type B), composed of
nine studies, tests multiple combinations of scenario variables, often
resulting in many scenarios. Within the ‘exploratory group’, one sub-
group (scenario type C) composed of seven studies explores several
scenarios by testing one scenario variable in a ‘gradient’ perspective.
The second subgroup (scenario type D) explores several scenarios by
testing multiple sets of scenario variables from one scenario to another.

3.1.1. Scenario type A – Towards a desirable option
Scenario type A delves into the feasibility and outcomes of a specific

pre-identified scenario corresponding to a desirable future (Table 3).
One single scenario is tested, based on a fixed set of scenario variables.
Scenarios within scenario type A can be considered as normative. These
studies often focus on a single production system, such as organic or
agroecological farming, adopting a hard sustainability approach which
prioritizes non-negotiable environmental objectives over socio-
economic objectives.

3.1.2. Scenario type B – A range of options to reach a goal
Scenario type B studies aim to compare the effects of various scenario

variables and identify their optimal combinations to attain

predetermined goals, leading to many scenarios (Table 3). The focus is
on defining an option space within boundaries, possibly representing the
desirable future as a space rather than a specific point. As such, scenario
type B can be considered as less normative compared to scenario type A.
Scenario type B studies may resort to optimization models (Barbieri
et al., 2021; Frehner et al., 2022).1

3.1.3. Scenario type C – Exploring through one variable
Scenario type C involves comparing the consequences of different

scenarios without predefining a desirable trajectory nor an ideal
endpoint. Only the starting point is pre-identified. Scenario type C
evaluates scenarios based on a single specific variable (Table 3), such as
the share of organic and local food consumed (Billen et al., 2012) or the
utilisation of different leftover streams for livestock feeding (van Selm
et al., 2022). The goal is to understand how changes in this variable can
affect food production, land use, GHG emissions, nutrient flows, and
more.

3.1.4. Scenario type D – Exploring through multiple variables
Scenario type D also explores different scenarios without predefining

a desirable trajectory nor an ideal endpoint. It does so by examining the
effects of multiple variables, which may be different from one scenario
to another. As a result, a diversity of scenarios can emerge and new
variables can be considered to develop scenarios, making this group the
most exploratory (Table 3). Typically, studies in scenario type D group a
business-as-usual scenario based on recent trends with one or several
alternative scenario(s).

3.2. Characteristics of included studies

Upon identification of scenario types and classification of the sample
studies in said categories, the review aimed at enriching the contextual
understanding of quantitative food system scenarios through the anal-
ysis of several variables. In this section, our sample is presented and
disaggregated in quantitative terms for transparency and clarity pur-
poses. While we acknowledge that our sample is not fully representative
of all quantitative models, we consider it important to discuss the figures
observed within this set of studies. We do so with caution, refraining
from generalizing these results to the broader field. These findings and
their validity are further discussed and put in the perspective of the
existing literature in the discussion and conclusion.

3.2.1. Purpose (classification variable)
Out of the 36 reviewed studies, 15 studies aim at demonstrating the

feasibility of a specific scenario or framing the conditions for its feasi-
bility (Table S3 in Supplementary material). As per typology construc-
tion, these studies are concentrated in scenario types A and B (except for
Billen et al. (2012), classified in scenario type C). The remaining 21
studies adopt a more exploratory stance and aim at assessing the con-
sequences of different scenarios or trajectories. These studies are thus
concentrated in scenario types C and D (except for Röös et al. (2017a),
classified in scenario type B).

3.2.2. Number of scenarios (classification variable)
The number of scenarios in each study varies considerably, ranging

from a single scenario to as many as 56 scenarios. Six studies explore a
single scenario, 18 test between two and four scenarios, and 12 test more
than four scenarios, showcasing the diverse approaches employed in the
reviewed foresight studies (Table S3 in Supplementary material).

1 Regarding the use of optimisation models, as the classification was not built
around this, it could be that scenario exercises resorting to optimisation models
would fall under other categories. For instance, Mosnier et al., 2017 uses an
optimization model to simulate typical French bovine farms but is classified in
category D as the purpose and construction of the scenarios is exploratory.
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Regarding scenario types, all studies with one single scenario belong
to scenario type A by construction. Studies with two to four scenarios are
predominantly in scenario types C and D, and studies with more than
four scenarios are often in scenario type B. This group habitually leads to
many scenarios, with the exception of one study that only tests two
scenarios (Padró and Tello, 2022), which is explained by the fact that
only two extreme situations are tested although the scenario design
could allow a wide spectrum to be tested.

3.2.3. Research process and participatory approach
The extent of participation in scenario development, either through

experts or through operational actors, greatly varies from one study to

another. Out of the 36 reviewed studies, 24 did not rely on participatory
approaches, while six relied on expert consultations and six engaged
with operational actors (Table S3 in Supplementary material). Partici-
patory approaches served different purposes, such as creating the
narrative framework for scenarios, discussing the evolution of critical
variables in the coming years, translating qualitative hypotheses into
quantitative model inputs, or refining the story post-scenario analysis.
With regards to the typology, all approaches engaging with operational
actors except one were classified in the exploratory groups C and D,
seemingly reflecting a greater participatory approach to scenario
development in those categories.

Fig. 2. Construction of a typology of four methodological groups of food system scenarios based on purpose and scenario design.

Table 3
Characteristics of four quantitative food system scenario types, based on purpose and scenario design.

Differentiating
factor

Scenario type A Scenario type B Scenario type C Scenario type D

« Towards a desirable horizon » « A range of options to reach a goal » « Exploring through one variable » « Exploring through multiple
variables »

(6 studies) (9 studies) (7 studies) (14 studies)

PURPOSE
Modelling purpose The modelling aims to assess the

consequences or demonstrate the
feasibility of a specific, pre-identified
scenario

The modelling compares and
optimises the effects of various
combinations of variables to reach
specific goals

The modelling explores multiple
scenarios by assessing the
consequences of the change in one
variable along a gradient

The modelling serves to explore
contrasted scenarios, assessing
and comparing their
consequences

What is
predetermined

The scenario being tested The endpoint (space) The starting point The starting point

SCENARIO DESIGN
Number of
scenarios

1 Many Generally, between 2 and 6 Generally, between 2 and 6

Number of
scenario
variables

Variable Variable One variable – Gradient perspective At least two variables

Set of scenario
variables

Fixed (as only one scenario is tested) Fixed (multiple combinations are
tested)

Fixed (as only one variable is
considered)

Flexible (the set of scenario
variables may change from one
scenario to another)

A. Riera et al.
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3.2.4. Time horizon
In terms of time horizon, 2050 is themost common target year within

our sample (21 studies). Shorter time horizons (2030, 2035 or 2040) or
studies specifying no temporal horizon are less frequent (six studies and
nine studies respectively; see Table S3 in Supplementary material). This
highlights that, within our sample, foresight scenarios seem to be pre-
dominantly used for long-term planning.

3.2.5. Scenario boundaries: geographical scale and sectors
Scenario studies can adopt either horizontal approaches (by

geographical scope) or vertical approaches (by farming sector) or a
combination of both. Horizontal approaches seem to be much more
frequent as they are adopted by 21 out of the 36 studies, while only four
adopt a vertical approach and nine adopt a combined approach. Terri-
torial approaches thus seem to predominate over sector-specific
approaches.

The studies included in the review cover a broad range of
geographical scales, from farm-level to global. Of the 36 studies, seven
are global in scope, six focus on Europe, eight studies are conducted at
the national scale, and six at the regional scale (understood as a sub-
national level). Hence, the majority of studies (28) seem to focus on
one single scale. In complement, nine studies adopt a multi-scale
approach, combining different geographical scales such as regional-to-
global, regional-to-national, farm-to-national or farm-to-regional.
Additionally, two studies do so by examining multiple countries.
Focus within the reviewed studies is on high-income countries and re-
gions. There does not seem to be any effect of the typology on the
question of geographical scale as all approaches can be found in all four
scenario types (Table S3 in Supplementary material).

In terms of studied sectors, livestock productions are the more
investigated within our sample, either on their own (six studies) or in
combination with crop sectors (29 studies) (Table S3 in Supplementary
material). Crop productions on their own are only studied in one study
(Antier et al., 2018). Here too, the four scenario types do not seem to
influence the choice of the studied sectors.

3.2.6. Accounting for diversity in scenarios: number of production systems
considered

Beyond the inclusion of various sectors, studies showcase a range of
approaches in the consideration of different production systems within
those sectors. Production systems refer to different methods of produc-
ing a specific crop or animal product.

Out of the 36 reviewed studies, only 15 studies account for the di-
versity of production systems (i.e. more than one production system
considered) while 21 studies do not account for it (i.e. either only one
production system is considered or none, or no information) (Table S3 in
Supplementary material). All studies in scenario type A consider one
single production system (or none). As mentioned in the description of
the group, these studies often focus on a single production system which
they seek to assess (and/or promote), such as organic or agroecological
farming. Studies in scenario type B pay less attention to the diversity of
production systems (only one third). In scenario types C and D, about
half of the studies account for a diversity of production systems.

3.2.7. Sustainability and productivity-related dimensions
The analysed publications approach the different dimensions of

sustainability in a diversity of ways through their scenarios. Beyond the
three dimensions of sustainability (environment, economy and society),
three variable categories are considered for the purpose of this analysis:
environmental variables, socio-economic variables and productivity-
related variables.

Regarding sustainability, only seven studies cover all three di-
mensions of sustainability. The environmental dimension (including
biophysical factors) is the most considered as it is included in all 36
studies, either on its own (13 studies), or in combination with other
dimensions. Eleven studies combine the environment and the economic

dimensions while five studies combine the environment and social di-
mensions. The economic dimension appears in 18 studies, but never on
its own. The social dimension is the least studied within the sample as it
only appears in 12 studies, and never on its own (Table S4 in Supple-
mentary material). The occurrence of sustainability dimensions is not
influenced by the typology.

Looking more specifically at the three variable categories, we find
that within the environmental dimension, land use, climate and the
nitrogen cycle are the three most common themes considered (24 studies
each). Biodiversity, water and the phosphorus cycle show an interme-
diate occurrence (about 10 studies each). Finally, elements related to
acidification, eutrophication, erosion, afforestation and deforestation,
soil carbon sequestration, potassium, the use of energy, or the use of
pesticides are considered less frequently within the reviewed sample
(ranging from two to six studies). Regarding socio-economic variables,
trade is the most common variable included in scenario studies (19
appearances). It is followed by economic results (eight appearances,
including farmer income and profit), population (six appearances), la-
bour demand and use (four appearances) and health (four appearances).
Other element such as food sovereignty, policy implications, prices,
animal welfare, etc. all represent two appearances or less. Economic
variables are more present compared to social variables. Finally, within
productivity-related variables, general production indicators are wide-
spread in all studies (more than 40 appearances, sometimes through
several themes in one study). They are followed by food demand (13
appearances), food waste (ten appearances), productivity and yield (ten
appearances) and feed production and demand (nine appearances).
Other elements such as food balance, technology, the size of the live-
stock herd and livestock density appear less than five times each.
Demand-side variables and dietary shifts are well represented in the
sample as only five studies do not analyse them as part of their scenarios.

These variables can either be used as input variables (constraints) or
as output variables (results) in the scenario design process, or both. In
the majority of reviewed studies, environmental variables are consid-
ered as outputs of scenarios. Within our sample, scenarios seem to be
more commonly constrained by socio-economic variables, and even
more so by productivity-related variables.

4. Discussion

4.1. Relevance of the proposed typology

The proposed typology, resulting from analysing a set of 36 articles,
offers a stabilising framework for classifying quantitative food system
scenarios into four major scenario types. Previous research, exemplified
by that of Börjeson et al. (2006) and mobilised by Reilly and Wil-
lenbockel (2010), predominantly constructed typologies from theoret-
ical standpoints, with classifications rooted in the key questions the
authors deemed relevant for exploring future scenarios. This paper
distinguishes itself by contributing to the literature with a systematic
typology based on an existing body of literature. The categories within
this typology are defined according to the scenarios’ purpose and design
(number of scenarios and scenario variables). Compared to existing
classifications, the four scenario types proposed show similarities in the
distinction between normative and exploratory approaches, as proposed
by Börjeson et al. (2006) and Prost et al. (2023), with further fine-tuning
related to the choices of scenario design in terms of numbers of scenarios
and scenario variables.

In the context of this study, the proposed classification explains the
diversity of scenario studies. Within the 36 reviewed studies, only two
(Billen et al., 2012; Röös et al., 2017a) presented a conflict between the
‘purpose group’ and their ‘scenario design group’ (both were classified
according to their ‘scenario design group’ rather than to their ‘purpose
group’). This indicates that porous relations between ‘purpose groups’
and ‘scenario design groups’ may occur (Fig. 2). Similarly, the three
groups mentioned by Reilly and Willenbockel (2010) were not exclusive
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as some of the example studies belonged to two different groups.
This typology serves as a comprehensive framework for deliberating

the choices made during scenario design and publication. On the one
hand, these choices may be influenced by diverse factors, such as the
goals pursued by scenario commissioners and scenario designers, their
focal points of interest, and their alignment with specific development
paradigms or world views (Lumbroso, 2019). The availability and ease
of use of data, along with the historical and scientific context in which
scenarios are designed are additional factors that influence these
choices. On the other hand, these choices have a direct impact on the
outcomes of the scenarios. Providing a framework that identifies and
clarifies the main possible configurations in which scenario design can
take place seems crucial to improve their analysis and understanding.
Thus, the proposed framework not only aids in discussing the choices
made during scenario design but also provides a basis for assessing the
relevance of different types of scenario exercises for different scientific
and political objectives. For instance, by examining the potential ben-
efits of pursuing a predetermined scenario, studies within scenario type
A may contribute to shaping specific visions for a sustainable and
desirable agricultural future. In other instances, with the objective of
reaching a specific goal, studies within scenario type B open up avenues
for understanding the trade-offs and synergies between different vari-
ables and their combinations. Similarly, although more exploratory in
the sense that they do not seek to reach a specific goal, studies within
scenario type C also allow to explore the incremental effects of a specific
variable. Finally, studies within scenario type D provide the flexibility to
draw a vast range of exploratory scenarios, based on multiple variables.

In considering impact evaluation, various quantitative and qualita-
tive approaches can be employed to gauge the reach and influence of
specific scenarios. The framework facilitates a comparative analysis of
scenarios, elucidating how they contribute to shaping representations of
the future of food systems and potentially influencing or excluding
specific development pathways. By showcasing diverse ways to
construct scenarios using quantitative modelling and proposing a ty-
pology of scenario types, this paper encourages reflection on the stra-
tegic aspects of discourse production about the future, actively
participating in the transitions of socio-technical systems. Consequently,
this research lays the groundwork for assessing scenarios’ contributions
and impacts on the transformative processes towards more sustainable
food systems.

4.2. Exploring methodological considerations of quantitative foresight
scenarios

Within this review, an array of challenges and opportunities for
scenarios to contribute effectively to transition dynamics emerge. They
encompass the consistency and relevance of sustainability dimensions,
the role of actor participation, the definition of boundaries, the
consideration of diversity and the adoption of food system approaches
(including interconnexions between geographical scales, sectors, food
system approaches and production systems).

4.2.1. Choice of sustainability dimensions
Of the 36 studies reviewed, all included environmental consider-

ations in their scenarios, predominantly as output variables (e.g.
modelling the environmental impacts of a specific scenario) and some-
times as input variables (e.g. modelling the impacts of climate change on
the food system). Within the environmental impact categories consid-
ered, there appears to be an important imbalance. On the side of the
most common themes, the focus on land use, climate and nitrogen can be
related respectively to the agronomic and physical feasibilities of certain
scenarios, the important attention that has been given to climate change
in the last decades (both in the scientific sphere for example through the
work of the IPCC, and the contribution of agriculture and food systems
to global GHG emissions, but also in the political sphere, for example
through international agreements and COP negotiations), and to lasting

concerns around nitrogen pollution and local pollution episodes (e.g. in
Brittany and in the Netherlands). On the side of the less studied themes,
the limited number of studies on the intensive application of pesticides
in modern agricultural systems stands out in particular, although this
has been the object of recent foresight exercises not included in this
review (Mora et al., 2023). This discrepancy gains resonance when
contextualized within the broader perspective of global pollution asso-
ciated with novel entities (in a geological sense), an assessment that has
only recently been undertaken (Persson et al., 2022). Overall, the
occurrence of environmental themes as mentioned above is in line with
that observed in previous analyses (de Lattre-Gasquet et al., 2023; Duru
et al., 2021).

With regards to the multidimensional character of sustainability, the
findings reveal that about two thirds of the reviewed studies (23 studies)
consider socio-economic sustainability dimensions, always in conjunc-
tion with the environmental dimension. Only seven studies consider all
three dimensions of sustainability. This underscores the current scien-
tific and societal preoccupation with environmental aspects, thereby
emphasizing and confirming the need for a multidimensional approach
that encompasses all three sustainability dimensions (Binder et al.,
2010; de Olde et al., 2016; Diazabakana et al., 2014; Lebacq et al., 2012;
Prost et al., 2023; Reilly and Willenbockel, 2010; Riera et al., 2023;
Schader et al., 2014).

4.2.2. Actors and their involvement
Scenarios can be developed and used in the context of participatory

approaches, providing the opportunity for fostering dialogue and
empowering stakeholders. Despite emphasis on such approaches (Fiala
and Jacob, 2024; Prost et al., 2023), only a third of studies reviewed in
our sample seem to resort to participatory processes, either with experts
or with operational actors. According to Fiala and Jacob (2024),
participation can be encountered in all kinds of scenario exercises and
should thus not be constrained to certain scenario types. This appears to
be in contradiction with our results which tend to show that exploratory
scenario types C and D are more incline to participation. An explanation
to this could reside in the more normative character of scenario types A
and B. As studies in these groups pre-establish either the scenarios or
their outcomes, participatory approaches may be less needed to explore
the possible range of options. Reviewing additional studies would allow
to get a better understanding of such a hypothesis given the partial
representativity of the sample (see below) and the limited number of
studies resorting to participation within the sample.

4.2.3. Setting the boundaries of scenario exercises
Designing scenarios entails questions on the boundaries of the ex-

ercise, including the geographical scales and the included sectors. The
scenarios under review span various geographical scales, from local to
global, each possibly serving different interests and audiences. In-
teractions among these scales are crucial, though challenging (de Lattre-
Gasquet et al., 2023; Prost et al., 2023). While some scenarios can be
viewed as viable at a regional or national level, their contextualisation at
a larger scale (European or a global) may reveal additional constraints
that could question the degree of plausibility of regional and national
scenarios. A similar challenge can appear between regional and national
scales (Antier et al., 2020; Riera et al., 2019). Expanding a scenario at
higher scale may thus be challenging. A possible solution is to account
for boundaries defined at a global scale when designing national or
regional scenarios. Nonetheless, downscaling global scenarios to the
national or regional levels may be challenging too (van Selm et al.,
2022). Beyond geographical scales, the boundaries of scenario exercises
are also defined by the production sectors included. The sample of
studies reviewed illustrates that a diversity of sectors are included in
scenario studies, with an apparent greater focus on livestock sectors.
Analysing different sectors allows to examine their interdependencies.
In particular, crop-livestock interactions and the associated feed-food
debate are crucial to consider when designing sustainable food
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systems (Mottet et al., 2017) but cannot be satisfyingly studied if only
plant-based or livestock sectors are considered.

4.2.4. Accounting for diversity in scenarios: the case of production systems
The spectrum of scenario designs unveils distinct scenario types,

each possessing unique attributes that dictate their applicability based
on specific objectives and contextual intricacies. A pivotal determinant
of this relevance lies in the capacity of a model to embrace diverse
production systems, allowing to traverse across analytical scales,
bridging the micro-level such as that of the farm and the macro-level
such as that of policy-making (Lynch et al., 2018; Riera et al., 2023).
As observed by de Lattre-Gasquet et al. (2023), the majority of studies
reviewed here depart from a shared concern that conventional, input-
intensive production systems are not desirable anymore. In response,
alternatives must emerge (e.g. under the wide banner of agroecology in
de Lattre-Gasquet et al. (2023)). This can be through the consideration
of a diversity of production systems, but not necessarily. Our review
showcases different approaches in that respect. Overall, less than half of
the reviewed studies consider a diversity of production systems (i.e. at
least two different production systems). The remaining studies either do
not consider any production system but average practices instead, with
possible evolutions of certain variables in the scenarios (e.g. Agrimonde
scenarios) or focus on one single production system, such as agroecology
(Poux and Aubert, 2018) or organic (Smith et al., 2019). This is typically
the case of studies in scenario type A.

The question of diversity poses further questions regarding the
boundary-defining elements introduced in the previous section: the
interconnectedness across sectors and scales. On the one hand, scenarios
that incorporate a mix of agricultural or livestock farming systems
facilitate discussions on both practices and the systems themselves. This
approach can be likened to studies and strategies in the energy sector,
where various energy sources are combined. It nevertheless adds a
supplementary layer as besides changing the mix of agricultural prod-
ucts, it makes it possible to adapt the mix of production systems. This
proves particularly valuable for debating agri-food visions based on
“intensive” versus “extensive” systems and assessing their relevance in
production and environmental, social, and economic impacts, as in Duru
et al. (2021). On the other hand, interconnectedness across scales in-
troduces challenges in meaningful integration. A noteworthy trade-off
emerges when contemplating the diversity of production systems
while crafting a scenario tailored for Europe compared to a regional-
level scenario. The extent of focus, whether local or global, signifi-
cantly shapes the production systems that can be considered (i.e. to what
extent they can represent regional specificities) and thus scenario out-
comes. This prompts a critical reflection on the overarching purpose of
the model and scenarios, seeking clarity on their underlying intentions
and goals. In this sense, the selection of appropriate variables is a critical
step in conducting high-quality studies. With relation to scale, con-
straints, such as data availability, scenario design or scope, can influence
this selection. When examining various production systems, regional or
national studies may possess the necessary information to differentiate
between systems, while international or European studies may rely on
an average production system due to data limitations. This constraint
significantly impacts the generalizability of findings and the ability to
capture the nuances of complex systems at larger scales.

4.2.5. Moving towards food systems: the case of diets
The inclusion of demand-side solutions in scenarios (through alter-

native diets and a decreased consumption of animal products, mainly in
Global North countries) serves as an insightful example to discuss the
adoption of food system approaches (as opposed to farming system ap-
proaches) and illustrate the diverse challenges related to scenario
boundaries and diversity.

By considering dietary shifts, the majority of reviewed scenarios take
a first step towards food system approaches. While foresight work
focusing on the farming systems is useful, farming systems do not

operate separately from the food value chains and related actor net-
works. Rather, farming systems are embedded in food systems (HLPE,
2017), which themselves are multi-dimensional (Ericksen, 2008). The
inclusion of dietary shifts in scenarios is one form of acknowledging this.
Additional efforts must be made to complement current scenarios with
an assessment of the related changes and necessary efforts by midstream
actors, in food processing infrastructures and value chains’ strategies
(Grabs et al., 2024).

Although the assessment of how much meat and dairy product per
capita should be consumed varies among calculations (based on four
reference scenarios included the review, target levels range between 16
kg/cap/year of meat and 33 kg/cap/year of dairy products in Tirado
et al. (2018); 31 kg/cap/year of meat and 91 kg/cap/year of dairy
products in Willett et al. (2019); 41 kg/cap/year of meat and 45 kg/cap/
year of dairy products in Couturier et al. (2016) and 41 kg/cap/year of
meat and 100 kg/cap/year of dairy products in Poux and Aubert
(2018)), all global scenarios show that significant dietary shifts are
required, going beyond simple adaptations. First, with regards to sector
interactions, studying dietary shits requires to consider both livestock
and plant-based sectors as both are impacted by those shifts. Second,
with regards to geographical scales, while targets defined at a global
level offer a certain flexibility to account for local specificities, those
globally defined boundaries are not always taken into account or may be
difficult to downscale in scenarios designed at a lower level, as exem-
plified by van Selm et al. (2022) for the EAT-Lancet diet (Willett et al.,
2019).

In the perspective of moving towards food system approaches
(approximated here through dietary shifts), the consideration of
different production systems also pays a role. As noted by Duru et al.
(2021), existing food diets act as a constraint when transitioning from
intensive, input-dependent systems to extensive ones. Conversely, a shift
towards low-meat diets may facilitate the development of extensive
systems. Going further, the selection of environmental themes holds
significance in interpreting scenario outcomes. As noted by Duru et al.
(2021), climate change indicators tend to be central in technology-
oriented scenarios which favour resource-efficient systems, while
biodiversity and pesticide use indicators tend to be included in ‘multi-
functional’ scenarios which more frequently lean towards extensive,
low-input systems. Such scenarios, which entail higher levels of
complexity, are generally harder to implement as they need to overcome
more barriers and require greater changes, e.g. in terms of meat con-
sumption. This intricate dance of variables underscores the complexity
of scenario design and its implications for sustainable agricultural and
food systems.

5. Conclusions, limitations and perspectives

This paper set out to shed light on the intricacies of quantitative food
system scenarios. Based on the review of 36 studies, it presents a
framework composed of four scenario type groups, corresponding to
distinctive ways in which quantitative food system scenarios are being
approached, based on the purpose of the scenario exercise and the sce-
nario design process. Besides the identification of a typology of scenario
types, this work also delved into the methodological considerations
related to scenario design. In particular, it provides insights on how
sustainability is being approached in scenario studies, the extent of
participation in scenario design and the methodological choices and
challenges related to setting boundaries and accounting for a diversity of
production systems.

Drawing conclusions on our analysis requires to reflect on its limi-
tations and to identify possible future perspectives. In particular, the
snowball sampling methodology comes with limitations in terms of
exhaustivity and representativeness as it does not allow to cover the
entire literature and systematically capture all relevant studies. As a
result, the quantitative considerations presented in the results section
should not be extrapolated to all scenario studies without putting them
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in the perspective of the existing literature, as done in the discussion
section. The aim of this study is not to extract precise numerical con-
clusions from our analyses but rather to identify broader trends and
assess whether these are corroborated by the existing literature. For
instance, elements on the general occurrence of sustainability di-
mensions and indicators are confirmed by de Lattre-Gasquet et al.
(2023). On the contrary, on the question of participatory approaches,
our findings are not aligned with information from Fiala and Jacob
(2024), possibly due to our sample being too small. As a next step,
applying this framework in a more systematic review would allow to
further test, validate and fine-tune the framework. Some additional
references have already been identified outside of the snowball sampling
method and could constitute a starting point for such an expanded and
more comprehensive analysis (Aguilera and Rivera-Ferre, 2022; Barbier
et al., 2019; Billen et al., 2024a; Billen et al., 2024b; Busch, 2006; Erb
et al., 2016; Hasegawa et al., 2015; Le Noë et al., 2023; Marin et al.,
2022; Mora et al., 2023; Popp et al., 2017; van Meijl et al., 2006;
Westhoek et al., 2006). Another avenue to further expand and validate
the proposed framework would consist in testing the compatibility and
validity of the proposed typology in the case of qualitative food system
scenarios. While this analysis was limited to quantitative scenarios,
there is reason to believe it could fit more qualitative approaches too
given the similarity with existing classifications such as that of Börjeson
et al. (2006) and mobilised by Reilly and Willenbockel (2010), which
seem to accommodate both quantitative and qualitative approaches.
Finally, expanding the sector of application beyond the food system and
testing the framework in the context of scenario exercises applied to
other sectors (e.g. energy, biodiversity) would also constitute an inter-
esting addition. The well-known millennium ecosystem assessment
scenarios (Carpenter et al., 2005) and the more recent shared socio-
economic pathways (Riahi et al., 2017) could be interesting points of
comparison in this regard.

Certain elements of scenario planning and design were not
researched, such as the influence of the study commissioners or of the
discipline in which scenarios are developed on scenario development. de
Lattre-Gasquet et al. (2023) provide elements on this in the case of ag-
roecology. With regards to participation, it is expected that multidisci-
plinary research settings are more likely to lead to participatory
approaches (Fiala and Jacob, 2024). Besides participation in scenario
design, a better understanding of how scenarios are taken up by different
scenario actors to drive change appears crucial. This retrospective
analysis on the impact of quantitative scenarios does not seem to be
frequently implemented based on the studies included in this review, as
also suggested by Prost et al. (2023) for farm-level transitions. Inte-
grating elements from the French prospective approach (although it not
systematically relies on quantitative scenarios), may be interesting to
this end. With regards to the purpose of scenario exercises, it is impor-
tant to keep in mind that in the process of scenario design, a choice must
be made either to start as close as possible from reality, limiting the level
of ambition of the desired horizon, or to propose a very ambitious sce-
nario even if it differs quite significantly from the initial reality and may
be perceived as less feasible. Keeping these limitations and perspectives
in mind, we believe the proposed classification and analysis provides a
useful framework to better grasp the specificities that lie behind
different scenarios, thus improving their understanding and the under-
lying assumptions.
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fondé sur la nature & pour la nature. Solagro. https://solagro.org/images/images
CK/files/publications/f124_afterres2050_biodiversite_2022.pdf.
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Röös, E., Patel, M., Spangberg, J., Carlsson, G., Rydhmer, L., 2016. Limiting livestock
production to pasture and by-products in a search for sustainable diets. Food Policy
1–13.
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