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METHODS: We combine a Delphi study and a participatory scenario workshop to develop and evaluate plausible
explorative scenarios of digitalisation of Europe's agri-food sector. For all scenarios we identify gaps in achieving
a range of important European agricultural policy goals, drawing on the Delphi study and desk-based analysis.
Subsequently we deduce strategies to address these agricultural policy gaps.

RESULTS AND CONCLUSIONS: Four scenarios of digitalisation of the agri-food sector were developed for Europe
in 2030. They comprise of 1) digitalisation of the sector following current directions at current rates as a baseline
scenario, 2) strong digitalisation of a regulatory government, 3) use of autonomous farming technology and 4)
digitalised food business. These explorative scenarios entail various gaps in achieving European agricultural
policy goals. Our findings suggest that the baseline scenario needs strategies to ramp up technological and
institutional infrastructure for digitalisation. The other scenarios need strategies to prevent risks, e.g., of tech-
nological failures or undesired social impacts. They also need strategies to cater for special cases and diversity, e.
g., of ecosystems and farming practices. Across the scenarios, it seems useful to increase digital competencies of
the stakeholders.

SIGNIFICANCE: The study is the first that derives implications for policy strategies from explorative scenarios of
future digitalisation of agricultural systems that target gaps in achieving agricultural policy goals. The combi-
nation of developing and analysing scenarios generated findings that are of significance to policymaking
stakeholders and researchers alike, who all need to address the uncertainties arising with future digitalisation of

the agri-food sector.

1. Introduction

Digitalisation is a megatrend that also affects the agri-food system.
Digital technology can potentially disrupt food supply, farming practices
and policy (e.g. King, 2017; Prause et al., 2021; Trendov et al., 2019).
Nonetheless, great promises meet grave concerns about future techno-
logical risks (e.g. Basso and Antle, 2020; Kuch et al., 2020; Rotz et al.,
2019). Moreover, digital technology can change agricultural policy-
making itself, as it yields new data and facilitates analysis (Ehlers et al.,
2021; OECD, 2019). In addition, new challenges emerge, such as the
governance of data sharing (Jouanjean et al., 2020; Wolfert et al.,
2017a). Agricultural policy plays a crucial role in achieving a sustain-
able food system (Davies, 2020; Pe'er et al., 2020). The European Union
now expects digitalisation to support sustainability of the agri-food
sector (e.g. European Commission, 2020a). Hence, agricultural policy-
making stakeholders need to address the uncertainties and unknowns
arising with the potentially deep changes digitalisation of the agri-food
sector incurs (Rose and Chilvers, 2018). Different pathways on how
digitalisation may affect and interact with agriculture need to be
explored to align policies to changing conditions of the food system.

This paper develops plausible scenarios of digitalisation of the Eu-
ropean agri-food sector. We examine what potential gaps in the
achievement of agricultural policy goals arise with digitalisation in
explorative scenarios and subsequently investigate what policy strate-
gies can address these emerging policy gaps. The findings of the scenario
analysis should make policymaking stakeholders more receptive and
capable to address future changes arising with digitalisation of the agri-
food sector.

The implications of digitalisation for agricultural policy are an
emerging concern that receives little attention in the literature. Recent
scenarios of digitalisation of Australian agriculture point at technolog-
ical, social and economic implications of digitalisation (Fleming, 2021).
The scenarios are focused on informing responsible research and
development, rather than agricultural policymaking. Responsible
research and innovation perspectives (von Schomberg, 2013) them-
selves increasingly inform research on issues arising from digitalisation
for agricultural governance (e.g. Bronson, 2018; Rose and Chilvers,
2018). They call for governance that fosters inclusive design, social re-
sponsibility, and sustainability of digital innovations. In this context,
agricultural governance can be defined as collective decision making
that includes plural actors of the agri-food sector without formal control
of their relationships, e.g. through self-regulation via codes of practice
(Chhotray and Stoker, 2009; van der Burg et al., 2020). Agricultural
policy, in turn, can be defined as the public policy component of agri-
cultural governance that is established and executed by the state, based
on formal relationships between policy actors (Chhotray and Stoker,

2009; Jordan et al., 2005). In Europe, which is the focus of our research,
government is an important agricultural governance actor, because the
Common Agricultural Policy of the European Union and comparable
public policies in other European countries are central to the agri-food
sector. Even so, recently developed accounts of future agricultural pol-
icy (e.g. FAO, 2018; Ferreira et al., 2019) remain disconnected from
scenarios of digitalisation in agriculture (Fleming, 2021; Schrijver et al.,
2016). Here research lags behind practice. European agricultural policy,
for example, aims to achieve its goals through increased knowledge and
digitalisation as stated in the Farm to Fork strategy and the Green Deal
(European Commission, 2020a).

Scenario analysis supports strategic decision making and allows for
‘values-based questioning’ of the type of future agri-food sector that is
desired. It also facilitates critical reflection on how digital technologies
deliver that future (Bronson, 2018). Thus, by addressing future sce-
narios, policymakers are enabled to align policies to social values and
needs (Borjeson et al., 2006). This should not only support responsible
research and innovation in agricultural digitalisation, but also help
avoiding costly and unintended or undesired impacts of policymaking.
However, there is a lack of research on how a specific set of technologies,
like digital technologies, could plausibly develop and affect policy-
making and future challenges for agricultural policy.

In this paper, we aim to fill these gaps and develop distinct explor-
ative scenarios of digitalisation in Europe's agri-food sector and examine
what they imply for agricultural policy. The paper thus addresses a
problem of policy relevance through contextualising policy with refer-
ence to different futures of digitalisation. We develop explorative sce-
narios based on qualitative data, because it helps looking into the
complex and uncertain future of digitalisation in the agri-food sector
that policy making is confronted with. As part of a comprehensive
foresight exercise, our approach utilises a participatory scenario devel-
opment workshop specifically designed for the co-production of
knowledge among diverse disciplines (Pohl and Wuelser, 2019; Stauf-
facher, 2020). To reach our research aims, we take scenario analysis
further than usual, as we examine what gaps arise in the explorative
scenarios with respect to achieving important agricultural policy goals.
These are derived from a preceding Delphi study with the same work-
shop participants. Our combination of a Delphi study and participatory
development of explorative scenarios with a subsequent policy analysis
provides practical guidance for strategic development of agricultural
policies in the era of digitalisation. It can prevent policymaking stake-
holders, such as European governments, from lagging behind techno-
logical developments. Researchers benefit from variables to be
considered in ex-ante assessments of agricultural policy that concern
future use of digital technology in the agri-food sector. Agricultural
policymaking stakeholders obtain key anchors that guide development,
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implementation and evaluation of agricultural policy. They reflect
conditions of complexity, uncertainty and data scarcities, within un-
known but plausible socio-technical futures of digitalisation in Europe's
agri-food sector.

The paper proceeds as follows: we first provide a background on
digitalisation in the agri-food sector and on the relevance of scenarios
for agricultural policymaking in Europe. A subsequent section specifies
the methods of developing and analysing the scenarios. The next section
presents the four scenarios, gaps in agricultural policy goal achievement
in the explorative scenarios and policy strategies to address these gaps.
The implications of these findings for research and future agricultural
policymaking are discussed before we conclude with key directions for
further research and policymaking.

2. Policy relevance of digitalisation scenarios of the agri-food
sector

Europe's agri-food sector changes as the sector deploys digital tech-
nologies. To contextualise our study, this section provides background
on challenges and opportunities arising with digitalisation in the agri-
food sector. It also reflects on the use of scenarios for agricultural poli-
cymaking to guide our empirical work.

2.1. Challenges and opportunities arising from digitalisation in the agri-
food sector

Digitalisation can imply deep systemic changes in the agri-food
sector, beyond mere digitisation of current practice (e.g. Norton et al.,
2019; Villa-Henriksen et al., 2020; Wolfert et al., 2017b). Filling a form
online instead of on paper would be an example of digitisation, while
digitalisation would entail automated generation and processing of the
respective data (Parviainen et al., 2017). Relevant digital technologies
include invasive as well as remote sensors for crop and livestock
monitoring, Internet of Things, artificial intelligence, data analytics and
advanced planning and optimisation (e.g. via Farm Management Infor-
mation Systems) and control and execution of production with help of
automatic machines (e.g. for milking) or robots (e.g. for weeding and
harvesting). In Europe, advancement, applicability and acceptance of
these technologies is fragmented and varies considerably (e.g. Balafoutis
et al., 2020; Lokhorst et al., 2019). How this will affect agricultural
governance more broadly, including farms, food companies, public au-
thorities and other stakeholders is far from clear. Carefully developed
scenarios could structure these uncertainties and unknowns to provide
guidance for future-oriented action. Current scientific knowledge on
digitalisation in the agri-food sector should provide an important entry
point for developing such scenarios.

Besides research on governing the use of digital technology in agri-
culture, the use of digital technology in public policymaking and new
agricultural policy challenges arising from digitalisation of the agri-food
sector receive increased attention. A recent OECD report identified and
evaluated an array of digital technologies relevant to all stages of agri-
environmental policy (OECD, 2019). Novel data generated on farms
and in food companies, from consumer behaviour, among others, and
big data analytics could help make agricultural policy more effective
(Klerkx et al., 2019; Weersink et al., 2018). It emerges that remote
sensing and integration of digital databases can improve policy moni-
toring. The European Union (EU), for example, uses satellite-based earth
observation for agricultural area and subsidy monitoring to reduce
costly on-the-spot controls, which artificial intelligence can complement
(Loudjani et al., 2020). Such uses of digital technology promise better
targeting of policy instruments, more effective delivery of desired out-
comes and lower implementation costs. While options for agricultural
policy increase with digitalisation, they imply critical choices for gov-
ernment, for example on how to allocate responsibilities, costs and
participation among stakeholders (Ehlers et al., 2021). To prepare for
policy challenges arising with digitalisation of the agri-food sectors not
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only government, but also other stakeholders involved in policymaking,
could benefit from having strategies at hand that address plausible
scenarios of digitalisation of the sector.

The expected benefits of digital technologies can also have down-
sides. Data ethics, including questions of data harvesting, surveillance or
transparency of machine learning algorithms, digital skills, social
exclusion and set up costs are concerns of digitalisation in agriculture (e.
g. Klerkx and Rose, 2020; Regan, 2019; van der Burg et al., 2019). These
are also relevant to agricultural policy (Klerkx et al., 2019). Digital-
isation could alter occupational roles and identities of agricultural
stakeholders who are heavily governed by agricultural policy (such as
farmers) (Marinoudi et al., 2021). Overall, the benefits and downsides of
digitalisation for agricultural policy seem highly contingent on tech-
nologies and institutions and the capabilities of the actors involved
(Ehlers et al., 2021). Transferable experience on how digitalisation can
play out in agricultural policymaking is limited. Strategic planning of
digitalisation of agricultural policy thus needs to cater for uncertain
technological and policy futures. Therefore, we use scenario analysis.

2.2. Scenarios for agricultural policy

Scenarios facilitate dialogue between different stakeholders, assist
thinking about unpredictable future events, organise uncertainty and
complexity, focus attention on a specific problem, raise public and
policy awareness on a problem, are launch pads for discussion and
communication and can produce options for future action (e.g. Ernst
et al., 2018; Godet and Roubelat, 1996; Millett, 1988; Peterson et al.,
2003; Riddell et al., 2018). For our research aims explorative scenarios
are of great interest as they provide a framework that organises the
future consistently for further reflection and analysis (Borjeson et al.,
2006). Explorative farming scenarios typically identify driving forces of
agricultural futures that are translated into quantified parameters to
model scenarios that simulate future environmental, social and eco-
nomic impacts (e.g. Helming et al., 2011; Mora et al., 2020; Scholefield
et al.,, 2011). We take this further, as we aim to derive strategies for
agricultural policy.

Our starting point are scenario studies that explicitly explore tech-
nology and policy in a farming context (Rikkonen and Tapio, 2009;
Rintamaki et al., 2016). Broader farming scenarios cover general tech-
nology and policy variables with little integration (Mitter et al., 2020). A
recent study on future farmer profiles suggests digitalisation among the
main drivers of farming futures (Krzysztofowicz et al., 2020). Focused
scenarios studies aimed at guiding the development of a digital farming
decision support system (Donitz et al., 2020) or at exploring social and
ethical issues arising with digitalisation of agriculture to inform research
practice (Fleming, 2021). More detailed scenarios of agriculture in the
EU explored how precision agriculture and its governance might play
out in the future (Schrijver et al., 2016). The scenarios do not focus on
digitalisation of agricultural policy as such, similar to a recent scenario
study on potential consequences of Covid-19 for the agri-food system
(Poppe, 2020). Indeed, few methods of scenario analyses have been
developed explicitly to achieve our goal of informing policymaking
(Wright et al., 2020, 2013). We build on insights that explorative sce-
narios can achieve high policy relevance when set up to generate or
contextualise plausible policy strategies (Riddell et al., 2018; Svenfelt
et al., 2010). Once scenarios are developed they can be explored further
to determine policy instruments fitting individual scenarios to meet
policy goals (Svenfelt et al., 2010). Such work can uncover lack of policy
strategies in current toolboxes to address goals in certain scenarios. It
can therefore encourage timely development of alternative policy stra-
tegies. Our methods for developing and evaluating scenarios are geared
towards these ambitions.

3. Methods: Scenario integration

Our methods build on principles for scenario development (e.g.
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Mitter et al., 2019). We designed them to benefit from a participatory
approach and to obtain desired outcomes as the development of sce-
narios progresses (Duckett et al., 2017). They reflect our aims to develop
plausible scenarios of digitalisation in Europe's agri-food sector that can
inform development of strategies that policymaking stakeholders can
use address future challenges in European agricultural policy. The
explorative scenarios should present a wide, but balanced range of
perspectives and evaluations of uncertain futures. These aims were
defined before devising the methods, but could be amended by the ex-
perts participating in the study. At the core of our methods is a partic-
ipatory scenario development workshop, based on “scenario
integration” (Fig. 1). It is designed to co-produce knowledge from
diverse disciplines and promises to transform broad ranges of perspec-
tives into consistent and tangible scenarios (Pohl and Wuelser, 2019;
Stauffacher, 2020). This method is complemented with a pre-workshop
Delphi study undertaken with the same participants to build common
foundations for the workshop. The findings of the Delphi study establish
normative agricultural policy goals that the participants considered
important. These goals are at the core of a subsequent policy analysis.
Based on the findings of the Delphi study, we analyse and consolidate
the workshop findings to make them relevant for practice, comparable
to scenario-based strategy development in organisations (Iden et al.,
2017). More specifically, we examine the extent to which the same
agricultural policy goals are met in each of the different explorative
scenarios and what gaps might emerge. We then derive strategies that
help stakeholders involved in agricultural policymaking to address these
gaps in goal achievement for each explorative scenario. Thus our
methodological approach is geared towards developing explorative
scenarios that are subsequently analysed with respect to norms that
were established externally to the scenarios.

This section provides detail on recruitment of experts, the steps of the
Delphi surveys and of the scenario workshop and the desk-based policy
analysis after the workshop, as summarised in Fig. 1.
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3.1. Sampling experts

For our participatory workshop and Delphi study we aimed for
balanced and transparent expert selection (Devaney and Henchion,
2018; Rintamaki et al., 2016). The sampling strategy aspired to select
purposefully, in a targeted manner, ‘information rich’ participants. We
focus the sample on academics to have a consistent group of experts that
have no commercial interests in digitalisation of agriculture, but
knowledge and objective expertise on digitalisation “as a result of un-
biased inquiry and exploration“(Devaney and Henchion, 2018). The
sampling strategy allows for heterogeneity and breadth within the group
of participants. This aligns to a qualitative exploration, where we aimed
to gain rich insights and conversations, which are best stimulated by
having some commonality in purpose, but sufficient diversity in view,
within group discussions during scenario development (Krueger and
Casey, 2014). Individual study participants were selected based on their
publications and involvement in projects on digitalisation in agriculture
in Europe with policy or governance aspects that we identified in pre-
ceding desk-based research.

The diversity of participants across gender, career stage and disci-
pline is shown in Table 1. Participants had different areas of specific
expertise in digitalisation of agriculture and policy. Overall, the di-
versity in the participants' expertise ensured the inclusion of broader and
more diverse perspectives, leading to the development of a more holistic
and comprehensive set of scenarios. The requirement to communicate in
English reduced the number of European countries covered (see
Table 1). Instead of political scientists, who could not participate, we
included two Swiss experts with strong academic background working
in government closely linked to research.

3.2. Delphi study

A Delphi study contributed to status quo analysis for developing and

Sampling of experts

Delphi Study

18t round: collecting views

2nd round: rating views

Scenario Workshop

establishing system boundaries

18t group:

interactions

2 group:

development of visions

development of drivers

Scenario Integration

Desk-based Analysis

refinement of scenarios

identification of policy gaps and
measures to address them

Fig. 1. Steps of the scenario development and analysis method.
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Table 1
Attributes of the participants of the Delphi study and the scenario workshop (n
=13).

Country Female Male Senior Junior  Disciplinary backgrounds
Denmark 1 1 Agricultural Engineering
Germany™ 2 1 1 Agricultural Economics,
Law
Ireland 1 1 Social Psychology
Netherlands 2 2 Information
Management,
Agricultural Economics
Switzerland* 2 4 5 1 Biology, Agricultural
Economics, Geosciences
United 1 1 Human Geography
Kingdom

* One senior male did not participate in the scenario workshop.

analysing explorative scenarios. We used two iterations of a Delphi
study to prepare the participants for the scenario workshop through
establishing common understanding among the participants and first
variables to describe scenarios. The Delphi study also generates data on
agricultural policy goals and problems in Europe against which the
scenarios can be compared (see Padel and Midmore, 2005; Rikkonen
and Tapio, 2009). The rating of the policy goals thus directly feeds into
the subsequent policy analysis, for which reference points for important
policy goals are needed. The remaining ratings of the second round
provided context for the policy analysis and summarised views on issues
and development of digitalisation in the agri-food sector to initiate
group work in the scenario workshop.

We use a Delphi study to enable experts to share and evaluate their
views anonymously on a complex topic on which information is limited
or conflicting (e.g. Linstone and Turoff, 2011). This reduces social
pressure and encourages openness among participants. After each round
of questionnaires, responses are summarised by the analysts and fed
back to the participants for further reflection or evaluation. Our
approach resembles a policy Delphi, as it aimed at uncovering and
evaluating broad perspectives, rather than reaching consensus (Rikko-
nen et al., 2006; Turoff, 1970). The questionnaires were implemented
with Limesurvey, ensuring anonymous responses and open and broad
inputs to subsequent steps.

The open-ended questions of the first round were developed based on
the review of the literature and projects on digitalisation of the agri-food
sector and on the role of the Delphi study within the combination of
methods we use. They established views on

1) agricultural policy in Europe in terms important policy goals, prob-
lems and main drivers influencing agricultural policy;

2) the use of digital technology in European agriculture in terms of
important technologies, what influences the use of these technolo-
gies and their most important effects;

3) and the role of digital technology in European agricultural policy,
including important technologies, what influences their use, impor-
tant effects and evaluation of future prospects of digitalisation in
agricultural policy.

The survey was distributed on 24 May and closed on 2 July 2019
after two reminders. All 13 participants responded. The responses were
coded inductively using the software NVivo. Common views were
aggregated, where feasible. As codes were mostly distinct and very
frequent across responses, we turned them directly into questionnaire
items.

For the second Delphi round we used a 6-point scale to transform the
coded statements into quantitative scales ranging from very strong
disagreement to very strong agreement. Participants could add and
evaluate additional statements. They also had to provide reasons for
strong agreement or disagreement with statements, using open-ended
text. The questionnaire was distributed on 17 July and closed on 22
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August 2019 after three reminders with 12 of 13 participants respond-
ing. The responses to the quantitative items were ranked from very
strong agreement (score 6) to very strong disagreement (score 1) for
each question, adjusted for frequencies of ‘I don't know’ and missing
responses. This helps recognising disagreement frequencies, whilst
sorting the different strengths of agreement in frequency charts. The
open-ended answers were coded, but not transformed into scales. The
supplementary material provides more detail on the Delphi method
applied.

3.3. “Scenario integration” workshop

Eleven of the participants came to Zurich on 4 September 2019 for a
one-day scenario development workshop that was facilitated with the
“scenario integration” method (Stauffacher, 2020) by a member of the
TdLab of the ETH Ziirich (https://tdlab.usys.ethz.ch). This method was
chosen, because it can capture the broad diversity of views we aimed to
bring together and it does not restrict the number of uncertainties
initially discussed to two dimensions as the standard two-axes approach
does. After a summary presentation of the Delphi study at the beginning
of the “scenario integration” workshop, we started with joint definition
of system boundaries. Here the workshop facilitators make general
proposals, which the participating experts amend, extent and refine. The
initial proposals are important to quickly start off the workshop and to
provide guidance for further discussion among the experts during the
workshop. However, to ensure their ownership of workshop outputs, the
experts need to be free to agree on system boundaries, such as the time
horizon for the scenarios, among themselves. Next, scenarios are being
developed, starting with a collection of an initial set of drivers describing
potential scenarios. The workshop continued with parallel work of two
groups. One group developed broader visions and the other specific
drivers of the scenarios.

Visions and drivers are two complementary concepts to describe
scenarios that are mutually adapted to increase comprehensiveness and
consistency of the scenarios in the step of scenario integration. Visions
are intuitive descriptions of futures that are not restricted by a particular
format and can be documented with text and drawings. Drivers, in turn,
are specific variables with specific values that describe future states.
Each driver is present in each scenario and the scenarios are differen-
tiated through different values of the drivers. The visions and drivers are
integrated in an iterative exchange between the groups, with the aim
that the drivers comprehensively and consistently describe the broad
and informal visions in the end, and to differentiate a limited set of
plausible scenarios.

Our approach focuses on developing a set of comprehensive and
consistent scenarios that can be described with specific drivers. The
scenarios are descriptions of future situations and not of developments.
They should be seen as consistent extremes that could plausibly happen,
although not necessarily to the fullest extent. This implies that the states
of technology and governance in the future year will only be indicative
for a scenario and should not be taken for granted. The level of detail
developed in our approach fulfils the core aim of the scenarios, i.e. to
encourage a thinking about the future of digitalisation in the agri-food
sector that helps preparing strategies now to meet challenges plausibly
arising in the future.

The interactions between the participants in the “scenario integra-
tion” workshop included the following steps:

1. The core project team presented proposals to define the system
boundaries for the scenarios, including a timeframe between 2030
and 2050, and topical boundaries. Driven by the participating ex-
perts they were clarified, further refined and agreed in an open forum
lasting three quarters of an hour.

2. A first set of variables that can have certain values that describe the
scenarios were collected, called drivers. This was initiated with a
brief presentation by a member of the project team of the findings of
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the Delphi study on diverse views on future prospects of digital-
isation relevant to agricultural policy in Europe. All participants also
had a report of the Delphi study and were asked to look at relevant
sections. They identified first plausible drivers from the findings of
the Delphi study and clarified meanings and discussed plausible
values of these initial drivers in an open forum. This step took about
three quarters of an hour and included first discussions about
missing, redundant and unnecessary drivers.

. To work in parallel, participants were split into two groups of five
and six with equal distribution across gender, career stage and
discipline. The first group (drivers group) critically reviewed the
drivers as to whether they are adequate to describe the future system
of digitalisation in the agri-food sector relevant to agricultural policy
in Europe. They could exclude and add drivers. Each driver had to be
named and defined, including current values and ranges of future
values. They were documented on white board and flipchart. The
second group (visions group) was tasked to develop three to four
distinct visions of how policy-relevant digitalisation in the European
agri-food sector could look like in the future, including a business-as-
usual baseline. To achieve a comprehensive understanding of each
vision within the visions group the group members where explicitly
asked to discuss them intensively. Each vision had to be documented
on whiteboards or flipcharts using text and graphics, of which the
participants chose both. At the end of this step, each group presented
their work to the other group. Open questions were clarified in an
open forum. In total, this step took two hours and fifteen minutes.

. The two groups worked in parallel again. Now, the “drivers group”
was tasked to represent the visions developed by the other group
with the variables and their respective values making up the drivers.

Great equality for farmers

Light Digitalisation

Great farming skills

Low willingness to share data

Coarse data resolution Farming focus

Low innovation rates
Public-private infrastructure

Unconducive environment

4

h
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It needed to detect incongruencies between the visions and gaps in
the driver-based descriptions. These had to be amended accordingly.
The “visions group”, in turn, had to compare the visions with the
drivers developed by the “drivers group”. It had to check whether the
visions cover variables with different values and are therefore
diverse. Important drivers that were seen as missing could be added
and their values could be amended to make sure that they fit the
visions. Both groups worked separately for two hours, but they could
discuss issues with each other, which they occasionally did. The
outcomes were documented on whiteboards and flipcharts.

5. Each group presented the revised drivers and visions. These were
discussed in a plenary along the following lines: i) What adaptations
in the visions are necessary to obtain comparable but distinct sce-
narios? ii) What adaptations of the drivers are necessary to describe
all scenarios adequately? iii) Is the set of visions and scenarios
complete or are further ones being required? The visions and drivers
had to be adapted accordingly. Agreed adaptations were docu-
mented on whiteboards and flipcharts used for documentation of the
previous steps. This step took about an hour.

During the integration of visions and drivers in steps 4 and 5, both
were iteratively amended to make each other fit. Hence, only drivers
fitting the amended visions were selected that best and adequately
describe the scenarios (see supplementary material). It was not tried to
define causalities between the drivers. Instead, the aim was to identify
and amend drivers and values of them that describe the amended visions
consistently. This consistency was iteratively checked during scenario
integration. The workshop closed with a round of reflection and feed-
back to the organisers that also determined post-workshop activities.
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Fig. 2. Four scenarios of policy-relevant digitalisation of Europe's agri-food sector in 2030 ordered according to key dimensions (locations of drivers closer to the
extremes of the dimensions imply that their values are more extreme).
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3.4. Post-workshop activities

The core project team refined the scenarios using the documentation
of the workshop, notes one of the core project members took during the
workshop, the Delphi study and further desk-based research to generate
consistent scenarios, based on the integrated drivers and visions. The
analysis of the workshop material led to a post-workshop summary of
the scenarios along two distinct dimensions. The discussions during the
workshops indicated the importance of these two dimensions, but they

Table 2
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still needed to be fully fleshed out. In addition, two drivers were
amended reflecting discussions in the workshop to make the scenarios
consistently comprehensive and to better differentiate them. Fig. 2, the
tables and descriptions of the scenarios as text, represent the workshop
material, but were refined and drafted as part of the post-workshop
activities. The post-workshop analysis also identified gaps in the sce-
narios in achieving the agricultural policy goals established with the
Delphi study and proposed suitable policy strategies to address them.
These proposals were shared via email with the workshop participants,

Four scenarios of digitalisation of Europe’s agri-food sector in 2030 relevant to agricultural policy, described with values of drivers

grouped in categories.

Category of | Driver Scenarios
driver . . .
(described with values of drivers*)
Light Autonomous Digital Food Digital
Digitalisation Technology Business Regulation
Data and its | Data openness Medium Low Low
infrastructure
Data control Spread across Technology Food companies
actors providers
Providers of digital Public-private Public-private Public-private
infrastructure
Acceptance | Farmers’ technology | Medium Medium Low
acceptance
Social acceptance Medium Medium Low
Willingness to share Low Medium Low
data
Knowledge Farming skills Low Medium Low
and learning
Digital literacy Medium Medium Low
Inequality for farmers | Low Medium
Innovation rate Low Medium Low
Policy Policy style Reactive
Dominant power Farmers and Technology Food companies | Government
government providers
Food system Farm focus Farm focus Farm focus
perspective
Spatial and temporal | Coarse Fine on food
resolution of issues
digitalisation

*The different shades of grey of the cells represent different manifestations of individual drivers across scenarios (light and dark grey
are the two extremes and medium grey is a middling value of a driver).
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Table 3

Agricultural policy gaps and strategies to address them in the four scenarios of agricultural digitalisation.
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Scenario Gaps compromising Key strategies to address gaps Key stakeholders of strategy Examples of policy goals and
achievement of agricultural technologies involved
policy goals
Light e poor digital infrastructure e crosscutting technological and institutional data e government e protecting the environment
Digitalisation generation and exchange infrastructure for o digital industry through digital monitoring of
policy monitoring and implementation farming impacts
o limited capabilities of farms e programme to facilitate adaptation of farms to e government e supporting production capacities
to use digitalisation for digitalisation e agricultural advisory and through user-friendly farm man-
policy response education services agement software
Autonomous o limited integration of digital e technological and institutional infrastructure e government o providing food along seamless
Technology technologies including protocol standards to integrate data o digital industry digital traceability systems

back-up for risks of
autonomous technology

special policy issues
autonomous technology
cannot address
lacking attention to social
issues, farmers' knowledge
and farm-led innovation
Digital Food o lacking attention to policy
Business goals not in the interest of
food business
distributional issues and
market concentration that
disempower farms
lacks flexible response to
novelties and unforeseen
events

Digital
Regulation

non-standard policy issues
centralised digital
regulation does not address

from autonomous equipment for monitoring and
concerted policy action

technological and environmental risk response
and prevention

programme for special cases

programme to support farmer wellbeing and
competencies

parallel programmes for responding to residual
policy issues

govern issues of mutual public and food business
concern, address market concentration and terms
of trade of food business vis-a-vis farms
programme for flexible response to emerging and
sudden environmental and technological issues
such as mistakes in algorithms

parallel programme for special cases

government
digital industry

government

government
farming bodies

government

government
food business

government
where feasible, digital
industry

government
where feasible, digital
industry, farming bodies and

supporting production capacities
through offline back-up
technology

protecting the environment with
help of citizen-science apps and
databases

supporting production capacities
through farm-led co-production
of algorithms

providing fibre through
integrated databases that
localise fibre-based food waste
social support through
integrated databases for farmer
hardship identification
providing food of needed
quantity and quality with help of
digitalised supply and demand
forecasts

ensuring animal welfare with
help of digital veterinary
exchange service

lacks support of innovation

innovate and produce.

programme to support capacities of farms to

non-governmental
organisations
government
digital industry
farming bodies

supporting production capacities
through digital farm innovation
hacking portals

who checked their plausibility and consistency, based on earlier versions
of Fig. 2, Tables 2 and 3 and the corresponding descriptions of the
scenarios in detailed text, drawing on their topical expertise. The sug-
gestions for amendments finally agreed by the group of participants
were picked up by the core project team to consolidate the findings.

4. Results

The participants chose to develop scenarios for 2030. From the
perspective of the initial situation of 2019, when the workshop took
place, it is a timeframe in which digital technology will develop signif-
icantly and in which strategic planning of agricultural policy is urgent,
hence making the scenarios relevant for policy. It is not a too distant
future that leaves technological and policy requirements very uncertain,
therefore muting interest in planning. Europe was defined as the
geographical boundary. Within these system boundaries the participants
developed four scenarios. They are based on the integration of several
visions of digitalisation of agriculture relevant to agricultural policy and
drivers describing them. This section first introduces core features of the
scenarios with help of two cross-cutting dimensions. Then we compare
the scenarios in detail and provide richer descriptions. The final part
covers the gaps in achieving agricultural policy goals in the scenarios
and strategies to closing them.

4.1. Cross-cutting dimensions of the scenarios

All developed scenarios of digitalisation of the agri-food sector are
relevant to agricultural policy. They can be differentiated along two

dimensions: 1) whether digital technology faces an environment which
is conducive to its deployment or not and 2) whether technologies and
institutions are heterogeneous or homogeneous. The four quadrants of
Fig. 2 accommodate corresponding attributes of drivers. The values of
the drivers are relative to another and not relative to the initial situation
in 2019. They represent the scenarios along these two dimensions and
reflect the ranges of values of drivers of the scenarios compared in
Table 3. The two dimensions are only key dimensions, while the drivers
and their values in Table 3 differentiate the scenarios in more detail.
Environments are conducive to deploying and advancing digital tech-
nology when actors are literate enough to use and develop digital
technology. Moreover, institutions such as legislation and social norms
governing acceptance of digital technology in society at large (social
acceptance) or among farmers support use and innovation of digital
technology. Heterogeneity of technologies and institutions means that
there are several and different technological options for digital tech-
nology and diverse public, cooperative and private institutions involved.
They include proprietary and open digital systems, for profit and non-
profit enterprises. Homogenous institutions and technologies cover
single dominating digital technologies, standards and social norms, and
single dominant actors, such as monopolistic enterprises and govern-
ment units.

The Light Digitalisation scenario reflects the need for a dynamic
baseline in which digital technologies are present and develop at rates
and in directions of current developments. Hence it extrapolates de-
velopments in the initial situation of 2019 to 2030. This scenario con-
sists of an environment not very conducive to using digital technology.
Heterogeneous technologies and institutions include open systems and
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cooperation, which the scenario shares with the scenario of Autonomous
Digital Technology. However, the latter scenario is based on an envi-
ronment that is conducive to deployment of digital technology. Char-
acteristics are high innovation rates and digital literacy of the actors
involved. This also characterises the scenario of agriculture dominated
by Digital Food Business which, in turn, is more homogeneous, because
digital systems are controlled and concentrated in the hand of dominant
actors. Similar dominance can be found in the Digital Regulation scenario
in which agricultural policy is executed digitally in a regulatory state. It
operates in an environment in which digital technology lacks support
through digital literacy, while acceptance in society and by farms is low.
What the participants found to be impacting in detail on the four
developed scenarios is described in the next section.

4.2. Drivers

The stepwise identification, definition and selection of drivers helps
to develop distinct scenarios, especially as they can be differentiated
according to the values attached to the variables making up the drivers
describing the scenarios. Table 2 shows that the scenarios consist of a
broad range of drivers, which can be grouped into drivers 1) describing
data and infrastructure, 2) degrees of acceptance, 3) knowledge and
learning and 4) policy issues. The scenarios differ according to what
values the drivers have. As a result of post-workshop analysis, a driver
was added to specify who provides digital infrastructure and the “power
of retailers” driver was amended to “dominant power” to capture power
distribution among all key actors involved. This reflects findings of the
Delphi surveys (see supplementary material).

The individual drivers are highly aggregated. For example, they do
not differentiate between data coming from farms and data coming from
consumers via food companies. The drivers also relate to another. Social
acceptance and acceptance among farmers relate, for example, to digital
literacy and power. Such nuances of the scenarios are developed in more
detail in the descriptions below.

4.3. Detailed scenario descriptions

Combined with the description of the visions, the values of the
drivers describing the four different scenarios in Table 2 form key in-
gredients for more extensive descriptions of the scenarios. The differ-
ences remain apparent, although these descriptions provide richer and
more nuanced pictures of the scenarios. Ultimately, the descriptions
cover a broader range of plausible scenarios as the generally positive
answers to the final question of the Delphi survey on the future prospects
of digitalisation in agricultural policy suggest. They still pick up con-
tingencies of future digitalisation in the agri-food sector on institutions,
infrastructure, knowledge and technologies used.

4.3.1. Light digitalisation

In this baseline scenario, digitalisation and agricultural policy
represent current developments. Data control is spread across the sector.
Farms control data and supply it to government and business where they
see fit. Government needs to respond with incentives for farms to
disclose data that supports agricultural policy. Data on consumers
generated by agri-food companies does not feed into agricultural policy
and rarely into farm management. Some companies generate data from
farms, which rarely feed into agricultural policy. Openness of data de-
pends on policy issues, because government and the farming sector
negotiate data access within the bounds of policy issues. Government
uses remote sensing and environmental monitoring data acquired from
outside farms.

Willingness to share data is low, unless sharing has some direct
benefit, for example, to farm management. This varies with policy issues
and involvement of algorithms. Social acceptance and acceptance
among farms and business is restrained, as the extent of digitalisation of
agricultural policy changes only gradually.

Agricultural Systems 196 (2022) 103318

Digital literacy and adoption of digital technology are unequally
distributed within single groups of actors and among actors such as
farms, farm input and food companies and advanced specialists. Skills in
using digital technology of policy relevance increase, despite co-
existence of analogue alternatives. Industry informs farms more exten-
sively on digital technologies than other actors. Rates of innovation in
policy-relevant digital technologies are low among all actors.

Power distribution in agricultural policymaking remains unchanged.
Agri-food companies are powerful, also in using digital technologies of
relevance to agricultural policy. Digital technologies are rare and not
dominated by new actors. Top-down (agricultural) policies focus on
farms and change in reaction to issues that are driven mainly by farms.
Negotiated, but limited farm data access allows some policy adjustment
to local circumstances and better achievement of environmental, food
quality and animal welfare policy goals. Infrastructure needed for using
digital technology in agricultural policy is both public and private. As it
is not very extensive, it limits the scope and speed of digitalisation.

4.3.2. Autonomous technology

In the autonomous farming technology scenario, the farming systems
are automatically sharing data and communicating digitally. Digital
technology and algorithms that solve environmental, food safety and
animal health and welfare issues drive the farming sector. They include
robots and algorithms that replace work and provide the knowledge for
decision-making on farms. As data are open, all actors, including farms,
tech and food companies, government and consumers, share data.
Nonetheless, farmers become mere executers of capital-driven algo-
rithms that utilise big data. Production data has value and companies
link consumer data to farming technologies.

As data are critical for successful operation, for example via system
optimisation, the willingness of all actors to share data and to use
technology that facilitates data exchange is high. Acceptance of digital
technology is generally high in society, but less consistently among
farmers. Business accepts autonomous farming technology, where ven-
ture opportunities arise. Government shows acceptance, where it can
utilise the algorithms and data, but struggles to be in control of the
technologies.

Digital literacy is skewed. Farmers are less able to influence digital
technologies than fulfilling commands of technologies. They learn how
to execute digital commands, where no autonomous devices replace
them. Digital technology quickly adapts to local circumstances and
increasingly steers generation of information. Open data and trans-
parent value chains level the playing field for businesses and increase
innovation rates.

Under the power of digital technology farmers become mere exec-
utors, while government cannot keep pace. Nonetheless, policy mea-
sures protect autonomous farming. Algorithm-driven targeting of policy
implies that agricultural policy becomes embedded in technology. It is
proactive to the extent government gains access to data and algorithms
identify policy issues through predictions grounded in the data gener-
ated. Agricultural policy faces goal conflicts regardless, including con-
flicts between farmers and algorithms. Private companies and
government, who share great interest in successful operation of auton-
omous farming, provide digital infrastructure.

4.3.3. Digital food business

Digital business models of dominating food companies driven by
consumer data control farm data to the extent it matches their consumer
orientation. Farms share production data with these companies, con-
sumers and government and therefore become very transparent. As
consumer data are a critical resource for food companies they are more
tightly protected. Governmental data access regulation is limited,
because the food tech companies are stronger players, but government
can access data that does not interfere with food companies.

Although willingness to share data is generally low, food companies
force others, like consumers and farmers, to share data of their interest.
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Acceptance of the digital technologies involved is high among food
companies, as they benefit most from these arrangements and among
consumers, because the food companies align consumers with their in-
terests. Disadvantaged businesses and farms show little acceptance.
Government shows great acceptance, where it can access data for its
own purposes. Nonetheless, the more food-related an issue the more
government depends on food companies and its acceptance is lower.

Digital literacy is very high and concentrated in food companies.
They also show high but narrowly focused innovation rates. All other
actors have lower digital literacy and innovation rates.

Power distribution is highly skewed towards food companies that
dictate distribution of added value. Government greatly depends on
them. Agricultural policy focuses less on farm activities than on food
companies as they govern farming very closely. Agricultural policy does
not target individual farms. Its policy measures are restricted to residual
issues that food companies do not influence. These companies regulate
how food is being produced, which becomes the main policy concern,
because consumers are geared towards it. Policy in the interest of food
companies is proactive, reflecting predictions based on their data.
Remaining policy just reacts to emerging issues. Food companies also
provide and manage the key digital infrastructure in their interest.
Public funds support the infrastructure due to their lobbying.

4.3.4. Digital regulation

In the digital regulation scenario digital technology is used exten-
sively, but it is government-controlled. Farmers are forced to supply data
of relevance to agricultural policy to government, which uses these data
extensively in traditional agricultural policy fields. Consumer data is
mainly held by agri-food companies, although government controls the
governance of data. Hence, government also defines and implements
data access in its favour.

While farms have low willingness to share their data, government
enforces data sharing against their will. It uses data analytics and al-
gorithms for decision making where they support its agricultural policy
interests, reaching deeply into farms to make them transparent. Farms
show little acceptance for this approach, because non-compliance is
punished strictly, and their data is very transparent. Government
strongly accepts the approach, as it helps optimising agricultural policy.
Social acceptance is generally low, because technocratic digitalisation of
agricultural policy stifles public participation and infringes widely
shared values of privacy.

Core digital knowledge and skills are within government adminis-
tration and lower for other actor groups. Public extension, technology
design and obligations for farms and other actors to use digital policy
technologies force development of respective skills for agricultural
policy purposes. Agri-food businesses facilitate use of governmental
digital technologies, when having interest in farms complying with
policy requirements. Innovation rates are only high for digital technol-
ogies that government uses for agricultural policy and for technologies
that support farms to respond to government. They quickly diffuse in the
sector. Farms not using them are penalised and likely to disappear.

Government reduces and equalize the power of all actors to engage in
agricultural policy, because it controls digital technology used for
agricultural policy. The technocratic policy approach implies that agri-
cultural policy needs to conform the digital technologies of government
and that policy change only comes from government. It predicts agri-
cultural policy issues strategically and addresses problems immediately
when they emerge, because failure to do so suggests that its digital
technologies are not superior. Government provides and manages all
necessary infrastructure for using digital technology to ensure ability to
execute agricultural policy in its interest.

4.4. Agricultural policy gaps in scenarios of agricultural digitalisation

Our assessment of the extent to which agricultural policy goals are
achieved in the scenarios suggests that gaps in goal achievement depend
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less on the specific goals rather than on key characteristics of the sce-
narios. The Delphi study identified a range of important agricultural
policy goals for Europe (see supplementary material). They can be
summarised as providing food, protecting the environment, ensuring
animal welfare, supporting production capacities, social support and
providing fibre. Table 3 shows that the specific gaps in achieving the
goals vary in the scenarios. The gaps and suitable measures to address
them strongly relate to the degree of technological and institutional
heterogeneity and the degree to which environments are conducive to
utilising digital technology. They differentiate the scenarios in Fig. 2.
Each scenario has a different combination of extremes of the two di-
mensions and respective gaps in achieving important agricultural policy
goals: a scenario may, for example, not cater for social and agroeco-
logical diversity or it lacks technological and institutional (including
organisational) infrastructure that is conducive to achieving goals. Thus,
distinct implications for agricultural policy arise for each scenario that
entail specific tasks for policy stakeholders.

With the exception of the baseline scenario of Light Digitalisation,
policy needs to have strategies that run in parallel to the digitalised
governance that characterise the scenarios. Then it is able to address
emerging policy gaps. These gaps concern social issues and response to
non-standard demands and novelties. Generally, the public policy stra-
tegies need to complement and fit to the characteristics of each scenario.
Thus, policy strategies in the Light Digitalisation scenario should largely
resemble current practice and can serve as a starting point. This scenario
needs policy to improve digital infrastructure to better achieve agri-
cultural policy goals. Such improved infrastructure could prepare
ground for the Digital Regulation scenario to emerge. If this is not desired,
preventive measures are needed. In the Digital Regulation scenario stra-
tegies would largely be top-down technocratic approaches, although
parallel programmes could experiment with alternatives to some extent.
The Autonomous Technology scenario, in turn, would require policy
strategies that allow negotiation and cooperation with agri-tech pro-
viders and more distributed and decentralised approaches. The Digital
Food Business scenario, too, would require an approach based on nego-
tiation and cooperation, this time with food companies. For the residual
issues in this scenario traditional policy strategies should suit.

The scenarios dominated by digital and food industry share in
common with the Digital Regulation scenario a need of public policy to
attend to special cases and to cater for diversity and farmer-led inno-
vation. Hence, improving digital infrastructure and competencies of the
stakeholders seems to be wise general strategy for agricultural policy in
an era of digitalisation. A complementary strategy is to maintain or even
boost ability of agricultural policy to respond to uncertain events, spe-
cial cases and diversity.

5. Discussion

Our combination of a Delphi study, participatory development of
explorative scenarios and a subsequent policy analysis allowed to meet
our research aims, i.e.. to derive strategies for policymaking that help
addressing future gaps in achieving agricultural policy goals that can
plausibly arise with digitalisation of the agri-food sector. In the
following we first discuss the content of the scenarios with respect to
research on current developments in digitalisation of the agri-food
sector. Next, we discuss the scenario analysis methods with respect to
our aims and relating studies as well as the use of scenarios studies such
as ours in addressing uncertain futures. We also discuss the policy
relevance of the scenario analysis and its time horizon and implications
of our sampling strategy. Finally, we address implications of our findings
for agricultural policymaking and its stakeholders as well as research
and innovation and scenario modellers.

The explorative scenarios we developed point systematically at
contingencies of outlooks and evaluations of digitalisation in the agri-
food sector. This can aid development of context-sensitive policy stra-
tegies. The literature suggests more transparency and data on food
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supply and environmental impacts and increased efficiency as typical
benefits of digitalisation (e.g. Finger et al., 2019; Kos and Kloppenburg,
2019; Weersink et al., 2018). These feature in all our scenarios, except
the baseline scenario. However, the benefits do not concern all stake-
holders equally. Problems are often connected to distributive conse-
quences. They include replacement of farm labour and erosion of
knowledge by machines (Carolan, 2020; Marinoudi et al., 2019; Miles,
2019), as in our Autonomous Technology scenario, and privacy corruption
and control of farming by big food and tech business (Fraser, 2019; Kos
and Kloppenburg, 2019; Prause et al., 2021; Rotz et al., 2019), as in our
Digital Food Business scenario. Developments resembling our Digital
Regulation scenario receive little research attention. Studies evaluating
digitalisation in agriculture usually imply just one scenario that logically
derives from the analysis. They usually consider a very limited set of
variables. Our application of scenario integration generated a range of
scenarios of digitalisation, based on multiple variables. Such approaches
could prevent anticipation of just one future of policy-relevant digital-
isation in the agri-food sector to which current policy and practice aligns
(Carolan, 2020).

Our approach is broader than standard scenario analysis in two ways.
First, the Delphi study generated common understanding and context for
the scenario development and the policy analysis. Second, the “scenario
integration” method allows to comprehensively transform insights from
diverse disciplines into consistent and tangible scenarios (Stauffacher,
2020). The method yielded four scenarios that can be differentiated
along two dimensions of uncertainties, which emerged from the material
generated in the workshop. The dimensions were not conceived before
the start of the workshop, as in the traditional two-axes approach (e.g.
Fleming, 2021; Westhoek et al., 2006). While our approach identified a
range of drivers that can describe the views comprehensively and
consistently along our scenarios, we did not aim for establishing cau-
salities between them. Future research might aspire to develop a set of
drivers and establish causalities between them. Other scenarios of dig-
italisation and farming futures based on methods comparable to our
application of scenario integration help to situate our findings and to
identify avenues for further research. Following the framing of future
digitalisation in Pansera et al. (2019), the scenarios of Digital Regulation
and of Digital Food Business would be unwise, because of centralisation of
power and control. The scenarios of precision agriculture, developed by
Schrijver et al. (2016), raise such risks associated with monopolies and
inequality, alongside stricter regulation and extensive automation of
farming. The policy strategies derived for them are not yet linked to
policy goals. Instead, Schrijver et al. (2016) suggest policy options to
address concerns arising with the technology. In this context, the policy
analysis of the explorative scenarios helped establishing policy strate-
gies to address gaps in achieving agricultural policy goals. The scenarios
themselves are explicitly not normative and do not contain policy goals.
Hence, we can examine how a set of given policy goals is achieved in
each scenario and derive strategies to address gaps in goal attainment
that can both cut across and be specific to individual scenarios.

Like a scenario analysis for Swedish environmental policy (Svenfelt
et al., 2010), our study underlines the need to address uncertainty and
nurture diversity in longer-term policy strategy. These issues receive
surprisingly little policy and research attention, despite their importance
for farm viability and decision making (e.g. Buitenhuis et al., 2020;
Chavas and Nauges, 2020; Severini et al., 2017). Approaches of post-
normal science could inform such research, as they explicitly pick up
uncertainty and futurity (Funtowicz and Ravetz, 1993; Turnpenny et al.,
2011). Here our participatory scenario integration is a first step towards
systematic exploration of how agricultural policy can respond to un-
certainties and ambiguities arising with digitalisation. Further research
could investigate abilities of different types of farms to respond to sce-
narios of policy-relevant digitalisation in the agri-food sector and eval-
uate resultant socio-economic impacts. Actively anticipating, and
attending to, these potential impacts at early stages of policy develop-
ment supports the goals set out for responsible research and innovation
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(Fleming, 2021; Stilgoe et al., 2014).

Agricultural policy in Europe shapes the adaptive capacity of farms,
which is why anticipatory governance will be a critical for ensuring
socially acceptable policies for digitalisation and agriculture (Barrett
and Rose, 2020). Our application of the scenario integration method is
one approach to facilitate such anticipatory governance. Personal
judgement and relationships of the experts constructing our scenarios
could have influenced desirability of our scenarios. This was shown for
rural development scenarios (Metzger et al., 2010). The identification of
policy goals and gaps in our scenarios is separated from the scenario
development, hence mitigating bias. Our scenarios also do not aim at
suggesting effects of agricultural policy on outcomes (e.g. Helming et al.,
2011). Instead, we explore how policy could address policy gaps under
different scenarios. These cover a broad range of plausible futures
similar to other agri-food scenario studies (e.g. Mora et al., 2020; Rik-
konen and Tapio, 2009; Rintamaki et al., 2016). Our scenarios consider
the time period up to 2030, which is a time horizon similar to other
scenarios covering digitalisation in agriculture (e.g. Donitz et al., 2020;
Fleming, 2021; Schrijver et al., 2016). Agricultural technologies can
spread rapidly in the timeframe, as history has shown (e.g. De Clerq
et al., 2018; Rogers, 2003; Settele, 2018). The horizon for current re-
forms of the Common Agricultural Policy of the EU underlines the policy
relevance of the timeframe as do the expectations to use digital in
agricultural policy implementation (European Commission, 2020a; Eu-
ropean Court of Auditors, 2020; Loudjani et al., 2020). Our results imply
that European policy stakeholders need to prepare strategies to address
digitalisation, even when underlying technology could be more wide-
spread at later points in time.

The tendency of our participants to agree greatly with the agricul-
tural policy goals in line with current public sentiment in Europe (Eu-
ropean Commission, 2020b) might suggest a less productive policy
Delphi (Linstone and Turoff, 1975; Rikkonen et al., 2006). Great
agreement could also suggest biased viewpoints, for example because
researchers who are involved in digital technology dominate our sam-
ple. The participants reflected diversity of academic discipline, gender,
and career stage. An even more diverse group of participants beyond
academia and methods geared even more towards disaggregation of
viewpoints might have led to more extreme evaluations (Rikkonen and
Tapio, 2009). The rather narrow focus on academics from western Eu-
ropean countries facilitated efficient development of consistent sce-
narios. A caveat of the sampling strategy could be the lack of diversity of
perspectives in our scenarios. This might have impacted on the devel-
opment of scenarios considered plausible and the rating of important
goals of European agricultural policy. To compare our findings in a
different context, future research using similar methods could draw on a
broader sample of participants, including other nationalities and
professions.

Our findings also underline that governments in Europe are key
stakeholders of both agricultural policy and digitalisation of the sector.
The agricultural policy gaps we identified for the four different scenarios
of digitalisation in the agri-food sector and the strategies to address them
call for government to engage in planning respective measures and
building competencies. This engagement is urgent for the EU and
member states governments as the EU's Farm to Fork strategy and the
Green Deal currently push for increased digitalisation of the agri-food
sector and policy (European Commission, 2020a). Slow or late engage-
ment of European governments in developing respective strategies could
make it harder to reach agricultural policy goals. To what extent this is
also the case for governments in other parts of the worlds cannot be
answered within the scope of our study, but governments can certainly
have similar roles when their goals match European agricultural policy
goals. Future research could develop scenarios that are more relevant for
specific settings in other parts of the world and help formulating stra-
tegies that address future agri-food governance challenges arising with
digitalisation in these contexts. Implications from our scenario devel-
opment that are less dependent on specific policy goals arise for other
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policymaking stakeholders too and may well apply outside Europe.
These implications both cut across and can be specific to scenarios and
specific to particular subsectors. All policymaking stakeholders are well-
advised to evaluate whether their current strategies are appropriate for
all or several scenarios or only meet requirements of a single scenario as
listed in the previous section. The different scenarios suggest distinct
opportunities and roles for agri-food business that companies could
consider when developing their strategies. Non-governmental organi-
sations should evaluate the extent to which their concerns are affected in
the scenarios of digitalisation in the agri-food sector and lobby respec-
tively. They could also consider building the skills needed among their
constituents to deal with relevant digital technology. Farm businesses
are generally well-advised to develop digital literacy and to examine
whether new practices and technologies they plan to use fit digital
technologies used in future agricultural policy. Their options are
certainly constrained by the digital technologies available in each sce-
nario and their user-friendliness. Technology providers should therefore
carefully plan and develop suitable digital technologies that meet the
needs of other stakeholders arising in the future. Science stakeholders,
advisory and industry bodies should strive for collaborations with
farmers and civil society stakeholders in inter-disciplinary and multi-
actor approaches to help all stakeholders to meaningfully address the
policy challenges that arise in the different digitalisation scenarios
(Kernecker et al., 2021; Rijswijk et al., 2019).

Digital technologies need to be tested and validated in all scenarios
to prove functionality and improve their quality such as compatibility
and interoperability and trust in the digitalised systems. Dedicated
infrastructure, programmes and approaches, such as user-centred
design, can facilitate here and help ensuring that digitalisation in agri-
food sector does not compromise agricultural policy goals. The EU
subscribed to Responsible Research and Innovation to achieve such ends
(Owen and Pansera, 2019). Our findings suggest that it also needs to be
built into agricultural policy and particularly into its newly emerging
branch of agricultural digitalisation policy.

Finally, most descriptors of our scenarios could be important inputs
to modelling. Data availability is likely to constrain the use of our sce-
narios as input for the modelling agricultural policy impacts (e.g. Pal-
oma et al., 2013). However, data on digitalisation should increase, when
stakeholders address the policy gaps we identified. Moreover, the
drivers describing the scenarios, policy goals and gaps can serve as
model assumptions.

6. Conclusion

The prospects and effects of digitalisation in the agri-food sector and
in agricultural policymaking are uncertain. To prepare agricultural
policy stakeholders in addressing uncertain future challenges arising
with digitalisation, we developed four scenarios of policy-relevant dig-
italisation of the agri-food sector. Gaps with respect to important Eu-
ropean agricultural policy goals are identified for all these scenarios.
These are used to derive measures that address deficiencies of policy
performance in the scenarios. Our findings therefore assist policymaking
stakeholders in developing cross-cutting and specific strategies to tackle
challenges in scenarios of policy-relevant digitalisation of agriculture.

A key implication of our scenario analysis for policymaking is the
need to strategically develop digital infrastructure for agricultural pol-
icy. This is not surprising and fits current research. Our analysis suggests
that developing digital infrastructure is fundamental to any scenario of
policy-relevant digitalisation of agriculture in Europe and it helps to lift
the benefits of digitalisation in achieving policy goals. However, it is
important to always examine what undesired impacts on agriculture and
the food system could emerge from digitalisation. The limits of digital
technology also need to be identified. They vary among the different
scenarios. Policy strategies addressing these limits and undesired im-
pacts often need to be developed and trialled in advance. They also need
to fit scenarios. Hence, it is worthwhile to build respective
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competencies, institutions and resources early on, both in government
and among agricultural policy stakeholders. Finally, it is important to
develop flexible strategies. They should allow diversion from digital-
isation and policymaking pathways, considering the uncertainty about
which scenario will most likely prevail.

More detailed insights into how agricultural policymaking could
respond to the use of digital technology in the agri-food sector is still
required. Our scenarios could be enhanced through further technolog-
ical perspectives and viewpoints of governance and public administra-
tion experts and wider ranges of stakeholders including farmers.
Drawing on such expertise could broaden up the scenarios and add
detail. Ongoing developments in digitalisation and agricultural policy
could lead to different visions of digitalisation of agriculture and of
agricultural policy goals in the future. Agricultural policymaking should
take the broad range of plausible futures of digitalisation of the agri-food
sector our research suggests into account. Technological developments
and path dependencies of policy-relevant digitalisation need to be
assessed too. This could follow a Responsible Research and Innovation
perspective at more detailed scale, which our scenarios and agricultural
policy goals could inform. We assumed agricultural policy goals and
their importance to be stable, but closer monitoring of policy prefer-
ences and their institutionalisation in European agricultural policy
making seems useful. Our analysis of the scenarios identified a need to
cater for uncertainty and diversity in longer-term agricultural policy
strategy. This receives surprisingly little research attention and could be
informed by post-normal science research. Likewise, research on the
limits and scope of farms to respond to scenarios of policy-relevant
digitalisation of the agri-food sector is still missing.

Funding

This work was supported by the Federal Office for Agriculture of
Switzerland, with a grant for the project “Smart Agricultural Policy —
Foresight Digital Agricultural Policy (DigitAP)” and by the Swiss Na-
tional Science Foundation (SNSF) within the framework of the National
Research Programme “Sustainable Economy: resource-friendly, future-
oriented, innovative” (NRP 73), Grant-N° 407340_.172433 for the
InnoFarm Project.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We thank Christian Pohl from the TdLab for planning and moder-
ating the scenario integration workshop and three anonymous reviewers
for very valuable and constructive feedback.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.agsy.2021.103318.

References

Balafoutis, A.T., Evert, F.K.V., Fountas, S., 2020. Smart farming technology trends:
economic and environmental effects, labor impact, and adoption readiness.
Agronomy 10, 743. https://doi.org/10.3390/agronomy10050743.

Barrett, H., Rose, D.C., 2020. Perceptions of the fourth agricultural revolution: what’s in,
what’s out, and what consequences are anticipated? Sociol. Rural. 0 https://doi.org/
10.1111/soru.12324.

Basso, B., Antle, J., 2020. Digital agriculture to design sustainable agricultural systems.
Nat. Sustain. 3, 254-256. https://doi.org/10.1038/541893-020-0510-0.


https://doi.org/10.1016/j.agsy.2021.103318
https://doi.org/10.1016/j.agsy.2021.103318
https://doi.org/10.3390/agronomy10050743
https://doi.org/10.1111/soru.12324
https://doi.org/10.1111/soru.12324
https://doi.org/10.1038/s41893-020-0510-0

M.-H. Ehlers et al.

Borjeson, L., Hojer, M., Dreborg, K.-H., Ekvall, T., Finnveden, G., 2006. Scenario types
and techniques: towards a user’s guide. Futures 38, 723-739. https://doi.org/
10.1016/j.futures.2005.12.002.

Bronson, K., 2018. Smart farming: including rights holders for responsible agricultural
innovation. Technol. Innov. Manag. Rev. 8, 7-14. https://doi.org/10.22215/
timreview/1135.

Buitenhuis, Y., Candel, J.J.L., Termeer, K.J.A.M., Feindt, P.H., 2020. Does the common
agricultural policy enhance farming systems’ resilience? Applying the resilience
assessment tool (ResAT) to a farming system case study in the Netherlands. J. Rural.
Stud. https://doi.org/10.1016/j.jrurstud.2020.10.004.

Carolan, M., 2020. Automated agrifood futures: robotics, labor and the distributive
politics of digital agriculture. J. Peasant Stud. 47, 184-207. https://doi.org/
10.1080/03066150.2019.1584189.

Chavas, J.-P., Nauges, C., 2020. Uncertainty, learning, and technology adoption in
agriculture. Appl. Econ. Perspect. Policy 42, 42-53. https://doi.org/10.1002/
aepp.13003.

Chhotray, V., Stoker, G., 2009. Governance theory and practice: A cross-disciplinary
approach. Palgrave Macmillan, Basingstoke. York, New.

Davies, A.R., 2020. Toward a sustainable food system for the European Union: insights
from the social sciences. One Earth 3, 27-31. https://doi.org/10.1016/j.
oneear.2020.06.008.

De Clerq, M., Vats, A,, Biel, A., 2018. Agriculture 4.0 — The future of farming technology
[WWW document]. URL. https://www.oliverwyman.com/our-expertise/insights/20
18/feb/agriculture-4-0-the-future-of-farming-technology.html (accessed 9/9/2021).

Devaney, L., Henchion, M., 2018. Who is a Delphi ‘expert’? Reflections on a bioeconomy
expert selection procedure from Ireland. Futures 99, 45-55. https://doi.org/
10.1016/j.futures.2018.03.017.

Donitz, E., Voglhuber-Slavinsky, A., Moller, B., 2020. Agribusiness in 2035 — Farmers of
the Future. Fraunhofer Institute for Systems and Innovation Research ISI, Karlsruhe.

Duckett, D.G., McKee, A.J., Sutherland, L.-A., Kyle, C., Boden, L.A., Auty, H., Bessell, P.
R., McKendrick, I.J., 2017. Scenario planning as communicative action: lessons from
participatory exercises conducted for the Scottish livestock industry. Technol.
Forecast. Soc. Change 114, 138-151. https://doi.org/10.1016/j.
techfore.2016.07.034.

Ehlers, M.-H., Huber, R., Finger, R., 2021. Agricultural policy in the era of digitalisation.
Food Policy 100, 102019. https://doi.org/10.1016/j.foodpol.2020.102019.

Ernst, A., Bi, K.H., Shamon, H., Schumann, D., Heinrichs, H.U., 2018. Benefits and
challenges of participatory methods in qualitative energy scenario development.
Technol. Forecast. Soc. Change 127, 245-257. https://doi.org/10.1016/].
techfore.2017.09.026.

European Commission, 2020a. Farm to Fork Strategy — For a Fair, Healthy and
Environmentally-Friendly Food System. European Commission, Brussels.

European Commission, 2020b. Special Eurobarometer 505: Summary — Europeans,
Agriculture and the CAP. European Commission, Brussels.

European Court of Auditors, 2020. Using New Imaging Technologies to Monitor the
Common Agricultural Policy: Steady Progress Overall, but Slower for Climate and
Environment Monitoring (No. Special Report 04/2020). Luxembourg, European
Court of Auditors.

FAO, 2018. The Future of Food and Agriculture
Rome.

Ferreira, L., Kirova, M., Montanari, F., Montfort, C., Moroni, J., Neirynck, R., Pesce, M.,
Arcos Pujades, A., Lopez Montesinos, E., Esteban, P., Diogo Albuquerque, J.,
Eldridge, J., Traon, D., 2019. Research for AGRI Committee — Megatrends in the
Agri-food Sector: Global Overview and Possible Policy Response from an EU
Perspective (No. PE629.205). European Parliament, Policy Department for
Structural and Cohesion Policies, Brussels.

Finger, R., Swinton, S.M., Benni, N.E., Walter, A., 2019. Precision farming at the nexus of
agricultural production and the environment. Ann. Rev. Resour. Econ. 11, 313-335.
https://doi.org/10.1146/annurev-resource-100518-093929.

Fleming, A., 2021. Foresighting Australian digital agricultural futures: applying
responsible innovation thinking to anticipate research and development impact
under different scenarios. Agric. Syst. 11.

Fraser, A., 2019. Land grab/data grab: precision agriculture and its new horizons.

J. Peasant Stud. 46, 893-912. https://doi.org/10.1080/03066150.2017.1415887.

Funtowicz, S.O., Ravetz, J.R., 1993. Science for the post-normal age. Futures 25,
739-755.

Godet, M., Roubelat, F., 1996. Creating the future: the use and misuse of scenarios. Long
Range Plan. 29, 164-171. https://doi.org/10.1016,/0024-6301(96)00004-0.

Helming, K., Diehl, K., Kuhlman, T., Jansson, T., Verburg, P.H., Bakker, M., Perez-
Soba, M., Jones, L., Verkerk, P.J., Tabbush, P., Morris, J.B., Drillet, Z., Farrington, J.,
LeMouél, P., Zagame, P., Stuczynski, T., Siebielec, G., Sieber, S., Wiggering, H.,
2011. Ex ante impact assessment of policies affecting land use, part B: application of
the analytical framework. Ecol. Soc. 16 https://doi.org/10.5751/ES-03840-160129
art29.

Iden, J., Methlie, L.B., Christensen, G.E., 2017. The nature of strategic foresight research:
a systematic literature review. Technol. Forecast. Soc. Change 116, 87-97. https://
doi.org/10.1016/j.techfore.2016.11.002.

Jordan, A., Wurzel, R.K.W., Zito, A., 2005. The rise of ‘new’ policy instruments in
comparative perspective: has governance eclipsed government? Polit. Stud. 53,
477-496. https://doi.org/10.1111/j.1467-9248.2005.00540.x.

Jouanjean, M.-A., Casalini, F., Wiseman, L., Gray, E., 2020. Issues Around Data
Governance in the Digital Transformation of Agriculture: The Farmers’ Perspective
(OECD Food, Agriculture and Fisheries Papers No. 146), OECD Food, Agriculture and
Fisheries Papers. OECD, Paris. https://doi.org/10.1787/53ecf2ab-en.

Alternative Pathways to 2050. FAO,

13

Agricultural Systems 196 (2022) 103318

Kernecker, M., Busse, M., Knierim, M., 2021. Exploring actors, their constellations, and
roles in digital agricultural innovations. Agric. Syst. 186, 102952. https://doi.org/
10.1016/j.agsy.2020.102952.

King, A., 2017. Technology: the future of agriculture. Nature 544, 21-23. https://doi.
org/10.1038/544S21a.

Klerkx, L., Rose, D., 2020. Dealing with the game-changing technologies of agriculture
4.0: how do we manage diversity and responsibility in food system transition
pathways? Glob. Food Secur. 24, 100347. https://doi.org/10.1016/j.
gf5.2019.100347.

Klerks, L., Jakku, E., Labarthe, P., 2019. A review of social science on digital agriculture,
smart farming and agriculture 4.0: new contributions and a future research agenda.
NJAS - Wagening. J. Life Sci. 90-91, 100315. https://doi.org/10.1016/j.
njas.2019.100315.

Kos, D., Kloppenburg, S., 2019. Digital technologies, hyper-transparency and smallholder
farmer inclusion in global value chains. Curr. Opin. Environ. Sustain. 41, 56-63.
https://doi.org/10.1016/j.cosust.2019.10.011.

Krueger, R.A., Casey, M.A., 2014. Focus Groups: A Practical Guide for Applied Research,
5th ed. Sage Publications, Thousand Oaks.

Krzysztofowicz, M., Rudkin, J.-E., Winthagen, V., Bock, A.-K., 2020. Farmers of the
Future. Publications Office of the European Union, Luxembourg.

Kuch, D., Kearnes, M., Gulson, K., 2020. The promise of precision: datafication in
medicine, agriculture and education. Policy Stud. 41, 527-546. https://doi.org/
10.1080/01442872.2020.1724384.

Linstone, H.A., Turoff, M., 1975. The Delphi Method. Addison-Wesley, Reading, MA.

Linstone, H.A., Turoff, M., 2011. Delphi: a brief look backward and forward. Technol.
Forecast. Soc. Change 78, 1712-1719. https://doi.org/10.1016/j.
techfore.2010.09.011. The Delphi technique: past, present, and future prospects.

Lokhorst, C., de Mol, R.M., Kamphuis, C., 2019. Invited review: big data in precision
dairy farming. Animal 13, 1519-1528. https://doi.org/10.1017/
S$1751731118003439.

Loudjani, P., Devos, W., Baruth, B., Lemoine, G., 2020. Artificial Intelligence and EU
Agriculture (No. JRC120221). Joint Research Centre, Ispra.

Marinoudi, V., Sgrensen, C.G., Pearson, S., Bochtis, D., 2019. Robotics and labour in
agriculture. A context consideration. Biosyst. Eng. 184, 111-121. https://doi.org/
10.1016/j.biosystemseng.2019.06.013.

Marinoudi, V., Lampridi, M., Kateris, D., Pearson, S., Sgrensen, C.G., Bochtis, D., 2021.
The future of agricultural jobs in view of robotization. Sustainability 13, 12109.
https://doi.org/10.3390/su132112109.

Metzger, M.J., Rounsevell, M.D.A., Van den Heiligenberg, H.A.R.M., Pérez-Soba, M., Soto
Hardiman, P., 2010. How personal judgment influences scenario development: an
example for future rural development in Europe. Ecol. Soc. 15 https://doi.org/
10.5751/ES-03305-150205 art5.

Miles, C., 2019. The combine will tell the truth: on precision agriculture and algorithmic
rationality. Big Data Soc. 6 https://doi.org/10.1177/2053951719849444,
2053951719849444.

Millett, S.M., 1988. How scenarios trigger strategic thinking. Long Range Plan. 21,
61-68. https://doi.org/10.1016/0024-6301(88)90106-9.

Mitter, H., Techen, A.-K., Sinabell, F., Helming, K., Kok, K., Priess, J.A., Schmid, E.,
Bodirsky, B.L., Holman, 1., Lehtonen, H., Leip, A., Le Mouél, C., Mathijs, E.,
Mehdi, B., Michetti, M., Mittenzwei, K., Mora, O., @ygarden, L., Reidsma, P.,
Schaldach, R., Schonhart, M., 2019. A protocol to develop shared socio-economic
pathways for European agriculture. J. Environ. Manag. 252, 109701. https://doi.
org/10.1016/j.jenvman.2019.109701.

Mitter, H., Techen, A.-K., Sinabell, F., Helming, K., Schmid, E., Bodirsky, B.L., Holman, I.,
Kok, K., Lehtonen, H., Leip, A., Le Mouél, C., Mathijs, E., Mehdi, B., Mittenzwei, K.,
Mora, O., @istad, K., @ygarden, L., Priess, J.A., Reidsma, P., Schaldach, R.,
Schonhart, M., 2020. Shared socio-economic pathways for European agriculture and
food systems: the Eur-Agri-SSPs. Glob. Environ. Chang. 65, 102159. https://doi.org/
10.1016/j.gloenvcha.2020.102159.

Mora, O., Le Mouél, C., de Lattre-Gasquet, M., Donnars, C., Dumas, P., Réchauchere, O.,
Brunelle, T., Manceron, S., Marajo-Petitzon, E., Moreau, C., Barzman, M.,
Forslund, A., Marty, P., 2020. Exploring the future of land use and food security: a
new set of global scenarios. PLoS One 15, e0235597. https://doi.org/10.1371/
journal.pone.0235597.

Norton, T., Chen, C., Larsen, M.L.V., Berckmans, D., 2019. Review: precision livestock
farming: building ‘digital representations’ to bring the animals closer to the farmer.
Animal 13, 3009-3017. https://doi.org/10.1017/5175173111900199X.

OECD, 2019. Digital Opportunities for Better Agricultural Policies. OECD Publishing,
Paris.

Owen, R., Pansera, M., 2019. Responsible innovation and responsible research and
innovation. In: Simon, D., Kuhlmann, S., Stamm, J., Canzler, W. (Eds.), Handbook on
Science and Public Policy, Handbooks of Research on Public Policy. Edward Elgar
Publishing, Cheltenham, Northampton, pp. 26-48.

Padel, S., Midmore, P., 2005. The development of the European market for organic
products: insights from a Delphi study. Br. Food J. 107, 626-646. https://doi.org/
10.1108/00070700510611011.

Paloma, S.G., Ciaian, P., Cristoiu, A., Sammeth, F., 2013. The future of agriculture.
Prospective scenarios and modelling approaches for policy analysis. Land Use Policy
31, 102-113. https://doi.org/10.1016/j.landusepol.2011.12.005.

Pansera, M., Ehlers, M.-H., Kerschner, C., 2019. Unlocking wise digital techno-futures:
contributions from the degrowth community. Futures 114, 102474. https://doi.org/
10.1016/j.futures.2019.102474.

Parviainen, P., Tihinen, M., Kaariainen, J., Teppola, S., 2017. Tackling the digitalization
challenge: how to benefit from digitalization in practice. Int. J. Inf. Syst. Proj.
Manag. 5, 63-77.


https://doi.org/10.1016/j.futures.2005.12.002
https://doi.org/10.1016/j.futures.2005.12.002
https://doi.org/10.22215/timreview/1135
https://doi.org/10.22215/timreview/1135
https://doi.org/10.1016/j.jrurstud.2020.10.004
https://doi.org/10.1080/03066150.2019.1584189
https://doi.org/10.1080/03066150.2019.1584189
https://doi.org/10.1002/aepp.13003
https://doi.org/10.1002/aepp.13003
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0045
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0045
https://doi.org/10.1016/j.oneear.2020.06.008
https://doi.org/10.1016/j.oneear.2020.06.008
https://www.oliverwyman.com/our-expertise/insights/2018/feb/agriculture-4-0--the-future-of-farming-technology.html
https://www.oliverwyman.com/our-expertise/insights/2018/feb/agriculture-4-0--the-future-of-farming-technology.html
https://doi.org/10.1016/j.futures.2018.03.017
https://doi.org/10.1016/j.futures.2018.03.017
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0065
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0065
https://doi.org/10.1016/j.techfore.2016.07.034
https://doi.org/10.1016/j.techfore.2016.07.034
https://doi.org/10.1016/j.foodpol.2020.102019
https://doi.org/10.1016/j.techfore.2017.09.026
https://doi.org/10.1016/j.techfore.2017.09.026
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0085
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0085
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0090
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0090
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0095
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0095
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0095
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0095
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0100
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0100
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0105
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0105
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0105
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0105
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0105
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0105
https://doi.org/10.1146/annurev-resource-100518-093929
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0115
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0115
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0115
https://doi.org/10.1080/03066150.2017.1415887
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0125
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0125
https://doi.org/10.1016/0024-6301(96)00004-0
https://doi.org/10.5751/ES-03840-160129
https://doi.org/10.1016/j.techfore.2016.11.002
https://doi.org/10.1016/j.techfore.2016.11.002
https://doi.org/10.1111/j.1467-9248.2005.00540.x
https://doi.org/10.1787/53ecf2ab-en
https://doi.org/10.1016/j.agsy.2020.102952
https://doi.org/10.1016/j.agsy.2020.102952
https://doi.org/10.1038/544S21a
https://doi.org/10.1038/544S21a
https://doi.org/10.1016/j.gfs.2019.100347
https://doi.org/10.1016/j.gfs.2019.100347
https://doi.org/10.1016/j.njas.2019.100315
https://doi.org/10.1016/j.njas.2019.100315
https://doi.org/10.1016/j.cosust.2019.10.011
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0180
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0180
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0185
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0185
https://doi.org/10.1080/01442872.2020.1724384
https://doi.org/10.1080/01442872.2020.1724384
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0195
https://doi.org/10.1016/j.techfore.2010.09.011
https://doi.org/10.1016/j.techfore.2010.09.011
https://doi.org/10.1017/S1751731118003439
https://doi.org/10.1017/S1751731118003439
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0210
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0210
https://doi.org/10.1016/j.biosystemseng.2019.06.013
https://doi.org/10.1016/j.biosystemseng.2019.06.013
https://doi.org/10.3390/su132112109
https://doi.org/10.5751/ES-03305-150205
https://doi.org/10.5751/ES-03305-150205
https://doi.org/10.1177/2053951719849444
https://doi.org/10.1016/0024-6301(88)90106-9
https://doi.org/10.1016/j.jenvman.2019.109701
https://doi.org/10.1016/j.jenvman.2019.109701
https://doi.org/10.1016/j.gloenvcha.2020.102159
https://doi.org/10.1016/j.gloenvcha.2020.102159
https://doi.org/10.1371/journal.pone.0235597
https://doi.org/10.1371/journal.pone.0235597
https://doi.org/10.1017/S175173111900199X
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0260
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0260
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0265
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0265
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0265
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0265
https://doi.org/10.1108/00070700510611011
https://doi.org/10.1108/00070700510611011
https://doi.org/10.1016/j.landusepol.2011.12.005
https://doi.org/10.1016/j.futures.2019.102474
https://doi.org/10.1016/j.futures.2019.102474
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0285
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0285
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0285

M.-H. Ehlers et al.

Pe’er, G., Bonn, A., Bruelheide, H., Dieker, P., Eisenhauer, N., Feindt, P.H., Hagedorn, G.,
Hansjiirgens, B., Herzon, 1., Lomba, A., Marquard, E., Moreira, F., Nitsch, H.,
Oppermann, R., Perino, A., Roder, N., Schleyer, C., Schindler, S., Wolf, C.,
Zinngrebe, Y., Lakner, S., 2020. Action needed for the EU common agricultural
policy to address sustainability challenges. People Nat. 2, 305-316. https://doi.org/
10.1002/pan3.10080.

Peterson, G.D., Cumming, G.S., Carpenter, S.R., 2003. Scenario planning: a tool for
conservation in an uncertain world. Conserv. Biol. 17, 358-366. https://doi.org/
10.1046/j.1523-1739.2003.01491 .x.

Pohl, C., Wuelser, G., 2019. Methods for coproduction of knowledge among diverse
disciplines and stakeholders. In: Hall, K.L., Vogel, A.L., Croyle, R.T. (Eds.), Strategies
for Team Science Success: Handbook of Evidence-Based Principles for Cross-
Disciplinary Science and Practical Lessons Learned from Health Researchers.
Springer International Publishing, Cham, pp. 115-121. https://doi.org/10.1007/
978-3-030-20992-6_8.

Poppe, K., 2020. Covid-19 will change the Agri-food system - but how? EuroChoices 19,
20-25. https://doi.org/10.1111/1746-692X.12276.

Prause, L., Hackfort, S., Lindgren, M., 2021. Digitalization and the third food regime.
Agric. Hum. Values 38, 641-655. https://doi.org/10.1007/510460-020-10161-2.

Regan, A., 2019. ‘Smart farming’ in Ireland: a risk perception study with key governance
actors. NJAS - Wagening. J. Life Sci. 90-91, 100292. https://doi.org/10.1016/j.
njas.2019.02.003.

Riddell, G.A., van Delden, H., Dandy, G.C., Zecchin, A.C., Maier, H.R., 2018. Enhancing
the policy relevance of exploratory scenarios: generic approach and application to
disaster risk reduction. Futures 99, 1-15. https://doi.org/10.1016/j.
futures.2018.03.006.

Rijswijk, K., Klerkx, L., Turner, J.A., 2019. Digitalisation in the New Zealand agricultural
Knowledge and Innovation System: initial understandings and emerging
organisational responses to digital agriculture. NJAS - Wagening. J. Life Sci. 90-91,
100313. https://doi.org/10.1016/j.njas.2019.100313,

Rikkonen, P., Tapio, P., 2009. Future prospects of alternative agro-based bioenergy use
in Finland—constructing scenarios with quantitative and qualitative Delphi data.
Technol. Forecast. Soc. Change 76, 978-990. https://doi.org/10.1016/j.
techfore.2008.12.001.

Rikkonen, P., Kaivo-oja, J., Aakkula, J., 2006. Delphi expert panels in the scenario-based
strategic planning of agriculture. Foresight. https://doi.org/10.1108/
14636680610647156.

Rintamaki, H., Rikkonen, P., Tapio, P., 2016. Carrot or stick: impacts of alternative
climate and energy policy scenarios on agriculture. Futures, SI: Futures Food 83,
64-74. https://doi.org/10.1016/j.futures.2016.03.004.

Rogers, E.M., 2003. Diffusion of Innovations, 5th ed. Free Press, New York.

Rose, D.C., Chilvers, J., 2018. Agriculture 4.0: broadening responsible innovation in an
era of smart farming. Front. Sustain. Food Syst. 2 https://doi.org/10.3389/
fsufs.2018.00087. Article 87.

Rotz, S., Duncan, E., Small, M., Botschner, J., Dara, R., Mosby, L., Reed, M., Fraser, E.D.
G., 2019. The politics of digital agricultural technologies: a preliminary review.
Sociol. Rural. 59, 203-229. https://doi.org/10.1111/soru.12233.

Scholefield, P., Firbank, L., Butler, S., Norris, K., Jones, L.M., Petit, S., 2011. Modelling
the European farmland bird indicator in response to forecast land-use change in
Europe. Ecol. Indic. 11, 46-51. https://doi.org/10.1016/j.ecolind.2009.09.008.
Spatial information and indicators for sustainable management of natural resources.

Schrijver, R., Poppe, K.J., Daheim, C., 2016. Precision Agriculture and the Future of
Farming in Europe: Scientific Foresight Study. (Website No. PE 581.892). European
Union, Brussels.

14

Agricultural Systems 196 (2022) 103318

Settele, V., 2018. Cows and capitalism: humans, animals and machines in west German
barns, 1950-80. Eur. Rev. Hist. Rev. Eur. Hist. 25, 849-867. https://doi.org/
10.1080/13507486.2018.1505833.

Severini, S., Tantari, A., Di Tommaso, G., 2017. Effect of agricultural policy on income
and revenue risks in Italian farms: implications for the use of risk management
policies. Agric. Fin. Rev. 77, 295-311. https://doi.org/10.1108/AFR-07-2016-0067.

Stauffacher, M., 2020. Scenario integration. Td-net toolbox profile (3). Swiss Academies
of Arts and Sciences: td-net toolbox for co-producing knowledge. https://doi.org/
10.5281/zenodo.3717308.

Stilgoe, J., Lock, S.J., Wilsdon, J., 2014. Why should we promote public engagement
with science? Public Underst. Sci. 23, 4-15. https://doi.org/10.1177/
0963662513518154.

Svenfelt, f\., Engstrom, R., Hojer, M., 2010. Use of explorative scenarios in
environmental policy-making—evaluation of policy instruments for management of
land, water and the built environment. Future. Global Mindset Change 42,
1166-1175. https://doi.org/10.1016/j.futures.2010.06.002.

Trendov, N., Varas, S., Zeng, M., 2019. Digital Technologies in Agriculture and Rural
Areas — Status Report. FAO, Rome.

Turnpenny, J., Jones, M., Lorenzoni, I., 2011. Where now for post-normal science?: a
critical review of its development, definitions, and uses. Sci. Technol. Hum. Values
36, 287-306. https://doi.org/10.1177/0162243910385789.

Turoff, M., 1970. The design of a policy Delphi. Technol. Forecast. Soc. Change 2,
149-171. https://doi.org/10.1016/0040-1625(70)90161-7.

van der Burg, S., Bogaardt, M.-J., Wolfert, S., 2019. Ethics of smart farming: current
questions and directions for responsible innovation towards the future. NJAS -
Wagening. J. Life Sci. 90-91, 100289. https://doi.org/10.1016/j.njas.2019.01.001.

van der Burg, S., Wiseman, L., Krkeljas, J., 2020. Trust in farm data sharing: reflections
on the EU code of conduct for agricultural data sharing. Ethics Inf. Technol. https://
doi.org/10.1007/5s10676-020-09543-1.

Villa-Henriksen, A., Edwards, G.T.C., Pesonen, L.A., Green, O., Sgrensen, C.A.G., 2020.
Internet of things in arable farming: implementation, applications, challenges and
potential. Biosyst. Eng. 191, 60-84. https://doi.org/10.1016/j.
biosystemseng.2019.12.013.

von Schomberg, R., 2013. A vision of responsible research and innovation. In: Owen, R,
Bessant, J, Heintz, M (Eds.), Responsible Innovation. John Wiley & Sons, Ltd,
Chichester, pp. 51-74.

Weersink, A., Fraser, E., Pannell, D., Duncan, E., Rotz, S., 2018. Opportunities and
challenges for big data in agricultural and environmental analysis. Ann. Rev. Resour.
Econ. 10, 19-37. https://doi.org/10.1146/annurev-resource-100516-053654.

Westhoek, H.J., van den Berg, M., Bakkes, J.A., 2006. Scenario development to explore
the future of Europe’s rural areas. Agric. Ecosyst. Environ. 114, 7-20. https://doi.
org/10.1016/j.agee.2005.11.005. Scenario-based studies of future land use in
Europe.

Wolfert, S., Bogaardt, M.-J., Ge, L., Soma, K., Verdouw, C., 2017a. Guidelines for
governance of data sharing in agri-food networks. In: Presented at the 7th Asian-
Australasian Conference on Precision Agriculture, Zenodo. https://doi.org/10.5281/
zenodo.893700.

Wolfert, S., Ge, L., Verdouw, C., Bogaardt, M.-J., 2017b. Big data in smart farming — a
review. Agric. Syst. 153, 69-80. https://doi.org/10.1016/j.agsy.2017.01.023.

Wright, G., Cairns, G., Bradfield, R., 2013. Scenario methodology: new developments in
theory and practice: introduction to the special issue. Technol. Forecast. Soc. 80,
561-565. https://doi.org/10.1016/j.techfore.2012.11.011. Change, Scenario
Method: Current developments in theory and practice.

Wright, D., Stahl, B., Hatzakis, T., 2020. Policy scenarios as an instrument for
policymakers. Technol. Forecast. Soc. Change 154, 119972. https://doi.org/
10.1016/j.techfore.2020.119972.


https://doi.org/10.1002/pan3.10080
https://doi.org/10.1002/pan3.10080
https://doi.org/10.1046/j.1523-1739.2003.01491.x
https://doi.org/10.1046/j.1523-1739.2003.01491.x
https://doi.org/10.1007/978-3-030-20992-6_8
https://doi.org/10.1007/978-3-030-20992-6_8
https://doi.org/10.1111/1746-692X.12276
https://doi.org/10.1007/s10460-020-10161-2
https://doi.org/10.1016/j.njas.2019.02.003
https://doi.org/10.1016/j.njas.2019.02.003
https://doi.org/10.1016/j.futures.2018.03.006
https://doi.org/10.1016/j.futures.2018.03.006
https://doi.org/10.1016/j.njas.2019.100313
https://doi.org/10.1016/j.techfore.2008.12.001
https://doi.org/10.1016/j.techfore.2008.12.001
https://doi.org/10.1108/14636680610647156
https://doi.org/10.1108/14636680610647156
https://doi.org/10.1016/j.futures.2016.03.004
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0345
https://doi.org/10.3389/fsufs.2018.00087
https://doi.org/10.3389/fsufs.2018.00087
https://doi.org/10.1111/soru.12233
https://doi.org/10.1016/j.ecolind.2009.09.008
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0365
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0365
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0365
https://doi.org/10.1080/13507486.2018.1505833
https://doi.org/10.1080/13507486.2018.1505833
https://doi.org/10.1108/AFR-07-2016-0067
https://doi.org/10.5281/zenodo.3717308
https://doi.org/10.5281/zenodo.3717308
https://doi.org/10.1177/0963662513518154
https://doi.org/10.1177/0963662513518154
https://doi.org/10.1016/j.futures.2010.06.002
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0395
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0395
https://doi.org/10.1177/0162243910385789
https://doi.org/10.1016/0040-1625(70)90161-7
https://doi.org/10.1016/j.njas.2019.01.001
https://doi.org/10.1007/s10676-020-09543-1
https://doi.org/10.1007/s10676-020-09543-1
https://doi.org/10.1016/j.biosystemseng.2019.12.013
https://doi.org/10.1016/j.biosystemseng.2019.12.013
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0425
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0425
http://refhub.elsevier.com/S0308-521X(21)00271-7/rf0425
https://doi.org/10.1146/annurev-resource-100516-053654
https://doi.org/10.1016/j.agee.2005.11.005
https://doi.org/10.1016/j.agee.2005.11.005
https://doi.org/10.5281/zenodo.893700
https://doi.org/10.5281/zenodo.893700
https://doi.org/10.1016/j.agsy.2017.01.023
https://doi.org/10.1016/j.techfore.2012.11.011
https://doi.org/10.1016/j.techfore.2020.119972
https://doi.org/10.1016/j.techfore.2020.119972

	Scenarios for European agricultural policymaking in the era of digitalisation
	1 Introduction
	2 Policy relevance of digitalisation scenarios of the agri-food sector
	2.1 Challenges and opportunities arising from digitalisation in the agri-food sector
	2.2 Scenarios for agricultural policy

	3 Methods: Scenario integration
	3.1 Sampling experts
	3.2 Delphi study
	3.3 “Scenario integration” workshop
	3.4 Post-workshop activities

	4 Results
	4.1 Cross-cutting dimensions of the scenarios
	4.2 Drivers
	4.3 Detailed scenario descriptions
	4.3.1 Light digitalisation
	4.3.2 Autonomous technology
	4.3.3 Digital food business
	4.3.4 Digital regulation

	4.4 Agricultural policy gaps in scenarios of agricultural digitalisation

	5 Discussion
	6 Conclusion
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


