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Abstract. Digital agriculture is generally depicted as a new technological frontier
allowing both the efficiency and sustainability of the agri-food sector to be increased
through the introduction of innovative “green” and cost-effective solutions. However,
there is still little empirical evidence on the wider environmental and socio-econom-
ic implications of ongoing agricultural digitalisation processes. The paper makes the
point that the digitalisation of agriculture is a political and ecological process repre-
senting an important element of the uneven and combined patterns of the capitalist
development of agriculture. At the same time, the practices that inform agricultural
digitalisation are shaped by social, economic and environmental factors that change
according to the context. Starting from these premises, the authors propose a critical
framework for equipping empirical research on digital agriculture with a more com-
prehensive understanding of local contexts, while also retaining a wider political econ-
omy perspective inspired by the concept of “just transition”.

Keywords: agricultural digitalisation, food system, sustainability, agrarian labour, just
transition.
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HIGHLIGHTS

Agricultural digitalisation is a political and ecological process represent-
ing an important ingredient of the uneven and combined patterns of the
capitalist development of agriculture.

Empirical research on agricultural digitalisation is needed, as long as it
is supported by appropriate frameworks enabling a more nuanced under-
standing of local contexts while also retaining a wider political economy
perspective.

The “just transition” perspective offers valuable insights into the socio-
ecological impact of agricultural digitalisation.
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1. INTRODUCTION

Agricultural digitalisation is generally portrayed
as a necessary transformation for the agri-food system,
allowing production targets to be reconciled with sus-
tainability goals thanks to the diffusion of new cost-
effective and eco-friendly farming solutions (OECD,
2022; Mondejar et al., 2021; Lajoie-O’Mailey et al., 2020).
It is also presented as a process that can contribute to
counteracting the rural exodus, establishing new con-
nections between rural and urban areas, creating new
opportunities for endogenous development, and improv-
ing food system outcomes (FAO, 2022; Trendov, 2019;
Word Bank, 2017, 2019).

In line with these expectations, the European Green
Deal attributes a central role to digital agriculture in
the ecological transition and sustainable growth (Euro-
pean Commission, 2019). European Union (EU) Mem-
ber States strongly envisaged “a smart and sustainable
digital future for European agriculture and rural areas”
(European Commission, 2020), and several EU policies,
instruments and funds are currently serving the scope
of digitalisation of agriculture (Reinhardt, 2022). Also
the Farm to Fork (F2F) strategy, which is a pillar of the
EU’s Green Deal, places a strong emphasis on the role of
research and (digital) innovation in addressing the chal-
lenges of sustainable food systems.

Notwithstanding the increasing enthusiasm towards
digital agriculture, however, there is still little empiri-
cal evidence on its deepest environmental and socio-
economic implications. The existing literature tends to
focus on the potential outcomes of agricultural digi-
talisation in terms of productivity and market possi-
bilities for farmers (Phillips et al., 2019). Agronomic
and engineering perspectives that focus on the pull and
push factors of digital agriculture and its environmen-
tal impact understood as efliciency are not rare (Wolf-
ert et al., 2017; Bucci et al, 2019). On the contrary,
issues related to the broader effects that digitalisation
may have on local ecosystems and agrarian structures
are often neglected. For instance, there is still much to
know about the potential role of digital technologies in
reinforcing or contrasting existing power asymmetries
and inequalities in agriculture and rural areas, as well
as about their impact on the reconfiguration of the rela-
tionship between agricultural work and territorial sus-
tainability (McMichael, 2023). Though several studies
have explored the potential consequences deriving from
asymmetries in digital technology adoption, as well as
problems related to data access and control (Stone, 2022;
Rolandi et al., 2021; Dietz and Drechsel, 2021; Rotz et al.,
2019; Hackfort, 2011), there is still room to further prob-
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lematise the role of digital agriculture (Brunori, 2022),
especially with regard to labour issues and their inter-
twining with sustainability goals (Carolan, 2020).

Not surprisingly, institutional initiatives to pro-
mote digitalisation in rural contexts are usually based
on a free-market rationale and rarely consider contex-
tual specificities (Salemink et al., 2017). In this respect,
Alistair Fraser (2022) has warned against the risk of
smart agriculture developing through the production of
“misconfigured innovations”, mainly due to the limited
parameters within which innovations are set to operate.
According to him, “agricultural innovation processes
will continue to introduce new misconfigurations when
they pursue discrete solutions to specific problems, rath-
er than integrated developments based on incremental
adjustments in information-intensive iterative processes
that target systemic or structural change” (ibidem: 203).

To avoid this risk, in-depth empirical studies are
very much needed, as long as they are informed by criti-
cal perspectives able to shed light on the expected and
unexpected outcomes that agricultural digitalisation
may produce in each particular context, while also con-
necting it with the broader picture of the socio-ecologi-
cal agrarian system.

Our assumption is that the digitalisation of agricul-
ture is a political and ecological process representing a
further ingredient of the uneven and combined patterns
of the capitalist development of agriculture (Alarcén et
al., 2023; Smith, 2020). As such, broader perspectives on
political economy and critical agricultural studies are
needed to address this transformation and can provide
relevant insights into the process of digitalisation and
its consequences (Rotz et al., 2019; Dietz and Drechsel,
2023). At the same time, it is also important to consider
that the practices and discourses that inform agricultur-
al digitalisation are strongly shaped by social, economic
and environmental factors that may vary enormously
across different settings.

To account for this complexity and facilitate a socio-
ecological analysis of how digitalisation impacts agrar-
ian change dynamics at a local level we suggest the
relevance of a “just transition” perspective (Morena et
al., 2020; Benegiamo et al., 2023). The concept of a just
transition (JT) is hinged on the idea of ensuring that the
shift towards more sustainable systems does not dispro-
portionately harm certain groups, individuals or com-
munities (ILO, 2015). This implies recognising that the
ecological transition may have disruptive effects on the
livelihoods of workers and farmers, and leave vulnerable
groups behind.

Considering all the above, the main goal of this
article is to elaborate a framework for equipping empiri-
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cal research on digital agriculture with a more nuanced
understanding of local contexts, while simultaneously
exploring ongoing dynamics of agrarian change from a
JT perspective.

The article is structured as follows: in the first sec-
tion we set the context of agricultural digitalisation from
a political economy perspective, providing a review of
the existing literature on critical agrarian studies; in the
second section we briefly introduce the concept of JT
and the ongoing debate surrounding its application in
the agri-food sector, stressing the potential of the JT per-
spective in addressing the social impact of digital agri-
culture; in the third section, we propose a framework to
support empirical research on agricultural digitalisation
in order to overcome the existing knowledge and ana-
lytical gaps.

2. AGRICULTURAL DIGITALISATION AND DYNAMICS
OF AGRARIAN CHANGE: A BRIEF LITERATURE
REVIEW

Concepts such as “digital agriculture”, “smart agri-
culture”, “agriculture 4.0” are often used interchangeably
in reference to a broad set of digital technologies, tools,
software and data-driven solutions allowing agricultur-
al processes to be optimised, from agricultural inputs
(seeds, insurance and finances) and on-farm operations,
to food processing, transport, storage, retail and con-
sumption (Clapp and Ruder, 2020; Rotz et al., 2019).

Here, we refer to “agricultural digitalisation” as a
phenomenon that is far from being simply a further step
in the process through which technology is incorporated
within farming systems. From a wider political economy
perspective, indeed, the penetration of digitalisation into
agriculture can be understood as a socio-economic pro-
cess representing an important ingredient of the devel-
opment of the capitalist agrifood system in the context
of multiple and systemic socio-ecological crises (Akram-
Lodhi, 2021; Akram-Lodhi, Kay, 2010a, 2010b; Smith,
2020; Friedmann, 1993; McMichael, 2013b).

Agrarian development has long been driven by the
goal of increasing productivity through mechanical tech-
nologies and chemical inputs, resulting in a deep recon-
figuration of local agrarian structures. Pursuing the
declared goals of “feeding the world” while also improv-
ing incomes at farm level, the productivist approach
adopted by governments and key global development
actors from the 1950s onwards has produced highly con-
troversial outcomes. Although with some significant
regional differences, the agricultural sector has been
characterised by a dramatic decline in employment levels

and an increasing concentration of arable land (Baglio-
ni, Gibbon, 2013), combined with the diffusion of agro-
industrial intensification and growing environmental
degradation (Rasmussen et al., 2018). Especially with the
rise of the so-called neoliberal “corporate-environmental
food regime” (McMichael, 2005; Friedmann, 2013) -
implying convergence of environmental politics and cor-
porate power concentration — food crises have grown in
frequency and intensity (Fama, Conti, 2022; FAO, 2021),
exposing farmers to price-squeeze dynamics and making
them increasingly dependent on the global value-chains
controlled by transnational corporations (TNCs).

At the same time, as the limits of the efforts to mod-
ernise agriculture have become more evident, rising
social claims and market tendencies have first pushed
for a shift towards a post-productivist paradigm, finally
setting the scene for an “ecological transition” within the
context of market liberalisation. In the European con-
text, the process for the Common Agricultural Policy
(CAP) reform and its following implementation at the
Member State level has displayed clear tensions between,
on the one hand, the structural path-dependency and
other mechanisms that lock entrepreneurial farmers into
the dominant socio-technical regime, and, on the other
hand, the ambition to support the transition towards
more sustainable systems of food and farming, in line
with the European Green Deal (Ploeg, 2020).

In this scenario, the role played by digital agriculture
can be framed in highly different ways. Most enthusiastic
narratives tend to depict it as a new technological frontier
allowing the agricultural sector to be revitalised and sus-
tainability improved through the introduction of innova-
tive “green” and cost-effective solutions (Foresight. The
Future of Food and Farming, 2011; Franks, 2014). To be
sure, agricultural digitalisation as a support for precision
farming can help farmers in optimising the use of chemi-
cal inputs and rationalising water consumption. Moreo-
ver, digital platforms can be used to reduce intermedi-
aries, improve price transparency and ensure product
traceability. However, the idea that digital innovation per
se can provide effective responses to the ongoing “agro-
environmental crisis” (Ploeg, 2018) and improve equity in
the agri-food system has to be questioned.

According to critical agrarian studies, for instance,
“green” technologies are a key component of neoliberal
politics that is further exacerbating the socio-ecological
contradictions of capitalism (Akram-Lodhi, 2021; Bor-
ras, Franco, 2018; Fairhead et al., 2012; Weis, 2010).
From this point of view, the digitalisation of agricul-
ture does not challenge the agro-industrial model and
its socio-ecological lock-in but rather risks accentuat-
ing its matrix, encouraging a progressive increase in



the agricultural scale and concentration of production
means, with consequences in terms of rural disposses-
sion and depopulation, a worsening of food security and
the emergence of new problems of access to and control
of production and reproduction factors for small farmers
(Mooney, 2018; Rotz et al., 2019; Benegiamo, 2023).

In this regard, Hackfort (2021) observed that the
adoption and development of digital agriculture are
embedded with power relations that end up feeding at
least five patterns of inequalities: in digital technology
development; in the distribution of benefits from the use
of digital technologies; in sovereignty over data, hard-
ware and digital infrastructure; in skills and knowledge;
and in problem definition.

Along the same line, Rotz et al. (2019) identified
three main challenges related to: data ownership and
control; the production of technologies and data devel-
opment; data security. The point made by the authors is
that, since technological solutions are usually developed
in ways that empower corporate actors rather than sup-
porting independent farmers, the current paths of agri-
cultural technology “may exacerbate inequities for mar-
ginalised food system actors, specifically between differ-
ent sized farmers as well as farmers and agro-food cor-
porations” (ibidem: 222). However, they do not consider
agri-food digitalisation as something in sharp contrast
with the possibility to engender greater equity in agri-
culture, for instance by supporting the diffusion of agro-
ecological methods and approaches.

According to Glenn Davis Stone (2022), while digi-
talisation does not necessarily pose a threat to the auton-
omy of “industrialised farmers”, it is likely to jeopardise
that of “peasants” in the Global South, who still produce
a relevant portion of the food consumed globally (Ric-
ciardi et al., 2018; Samberg et al., 2016). For this vast
class of farmers, Stone (2022: 610) argues, the penetra-
tion of digital technologies calls directly into question a
set of “informational relations of production, defined as
relationships that control the creation, interpretation,
dissemination and deployment of information needed
for productive processes” and there is no doubt that
some of these technologies “can - indeed aim to - dis-
rupt and reformulate such relations”.

Against this background, it is important to distin-
guish the technologies that can support decision-making
for small farmers from those that are used to appropriate
their knowledge and increase their dependence on mar-
ket dynamics (Lioutas et al., 2019: 1). At the same time,
a less technocentric and more holistic approach is need-
ed, focused on digital agriculture as a multidimensional
phenomenon in which different combinations of prac-
tices, actors and artefacts are established, transforming
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the social and physical structures of the agri-food sys-
tem (Alarcon et al., 2023; Higgins, Bryant, 2020; Lioutas,
Charatsari, 2021).

3. PROBLEMATISING AGRICULTURAL
DIGITALISATION FROM A “JUST TRANSITION”
PERSPECTIVE

As already mentioned, the idea of digital agricul-
ture is strongly framed within the debates and policies
for the ecological transition in agrifood, made particu-
larly urgent by the impacts of and contributions to cli-
mate change by industrialised agriculture. Despite this,
the possible social implications and changes to farmers’
and farmworkers’ conditions and livelihoods driven by
digital transformation are still poorly discussed. This, as
noted by Aubert et al. (2021), can be partly comprehend-
ed as a lack of ecological macroeconomics frameworks
for the agro-industrial sector able to capture the socio-
economic impacts of the transformation needed to bring
it back within planetary boundaries. As a reaction to
this gap, recently, a burgeoning discussion on just transi-
tion (henceforth JT) in agriculture has been established
(Blattner, 2020; Moilanen, Alasoini, 2023; Kaljonen et
al., 2023), based on the idea that a fair transition process
is one that does not leave behind farmers and farmwork-
ers and the communities concerned.

The idea of JT implies that the transition to a cli-
mate-neutral economy must at the same time secure the
future and livelihoods of workers and their communi-
ties. This means that social justice, with a special focus
on decent work and quality jobs, must remain at the
centre of any environmental analysis and policy regard-
ing the ecological transition (ILO, 2015; OECD, 2017).
According to ILO, the vision of a JT is embedded with
the notion of socioeconomic sustainability, and the ILO’s
guidelines state that: «a just transition for all towards an
environmentally sustainable economy [...] needs to be
well managed and contribute to the goals of decent work
for all, social inclusion and the eradication of poverty»
(ILO, 2015).

The concept of JT originated with the United States
labour movement of the 1970s and broadened as labour
organisations forged alliances with environmental jus-
tice groups starting in the 1990s. Initially, the idea of JT
emerged in response to increased regulation of pollut-
ing industries in the wake of the National Environmen-
tal Policy Act and the establishment of a federal Super-
fund law in the U.S. Labour unions like the Oil, Chemi-
cal, and Atomic Workers (OCAW), long vocal about the
environmental impacts of their work, faced widespread
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job losses despite heavily funded cleanup efforts at con-
taminated work sites. Workers demanded a “superfund
for workers” and a “superfund for communities” that
included, in addition to retraining programmes and
community support, broader efforts to plan and design
a more environmentally-friendly approach to industrial
production (Henry et al., 2020; Mazzochi, 1993). Work-
ers and their communities were called upon to play a
leading role in this rethinking of work itself and of the
relationship between the factory and the territory, based
on the dual principle of the “right to know” and the
“right to act” (Morena et al., 2020).

Since 2015, with its inclusion in the Paris Agreement
that resulted from COP21, the concept of JT has become
increasingly widespread in the narrative used in the gov-
ernmental arena. As concerns the agrifood sector, the
2015 Paris Climate Agreement already recognised the
need for a “just transition of the workforce, and the cre-
ation of decent work and quality jobs, including in agri-
culture, forestry, and other land uses” (UNFCCC, 2015).

More recently, the principle of JT has also been
adopted by the European Union as an important dimen-
sion of the European Green Deal'. However, as a recent
report by the Institute for European Environmental
Policy (IEEP) states, compared to other industrial sec-
tors the concept of transition and JT “take on a distinc-
tive character when applied to the agricultural and food
sectors”, making its realisation particularly challenging.
Indeed, as stressed by the IEED, and with some excep-
tions in the meat value chain: “Unlike sectors facing
redundant technologies and outright factory closure and
cessation of production, agriculture and land use will
continue in many cases but has to be transformed. Just
transition for this sector will therefore go beyond the
classical policy instruments for this purpose namely:
financial redundancy payments, retraining and skilling,
regional investment strategies and ensuring the mobility
of the workforce” (Baldock, Buckwell, 2021: 2).

A further level of complexity arises from the diver-
sity that characterises agricultural and food systems
both globally and in Europe, where large commercial
farms and highly industrialised monocultures contrast
with the great fragmentation into small and micro fam-
ily farms throughout rural landscapes. Moreover, in this
context, as Van der Ploeg (2018) outlines, the industrial
agricultural system is undergoing a process of disag-
gregation, with multiple trajectories of change coexist-
ing, on which the processes of digitalisation are grafted,

! The Just Transition Mechanism (JTM) is based on a set of tools,
including financial ones, that have been incorporated within the Euro-
pean Green Deal “to ensure that the transition to a climate-neutral
economy happens in a fair way, leaving no one behind” (EC, 2020b).

making it difficult to predict the overall outcome of
ongoing transformations.

Against this backdrop very different patterns of
transition and digital transition need to be imagined
and it would be more appropriate to talk of plural tran-
sitions to digital agriculture (see also Bock et al., 2020).
This is also related to the diversity of socio-economic
contexts, rural ecosystems, soils and climate in which
farms operate. For instance, farmers in marginal or
peripheral lands, or residing in regions with relatively
limited government support for the transition, as well as
elderly farmers, are less likely to establish a competitive
position in the use of new technologies (Murphy et al.,
2022) and are at greater risk of being put out of compe-
tition by early adopters more able to bear the economic
cost of digital investment.

The fragmentation and disaggregation of the agrar-
ian landscape are also reflected in the presence of very
different labour positions that may be uniquely impact-
ed by transition processes, including the one envisaged
by digitalisation. Entrepreneurs, consultants, families
and seasonal workers often co-exist in the same sec-
tors. Moreover, manual and seasonal jobs are often per-
formed by irregular and poorly protected migrant work-
ers, mostly in conditions of severe exploitation (Corrado
et al., 2016; Rye, Scott, 2018). At the same time, while
taking into account the different and non-comparable
labour positions, it is important to stress the general
need, upstream of transition processes, to improve work-
ing conditions in a sector where they are often too poor.

Regarding the impact of digitalisation on farmers and
farmworkers, two main scenarios can be outlined. On the
one hand, there is the idea that digitalisation will reduce
the need for physical inputs, with a consequent decrease
in the demand for labour (Wolfert et al., 2017; Gorbart,
2012), but also a qualitative reconfiguration of agricultural
employment that may lead to the gradual elimination of
most precarious job positions (i.e. seasonal pickers, shep-
herds and livestock workers) or a further casualisation
of the same tasks. On the other hand, new forms of pre-
carious work could be associated with the specific needs
of digital technologies and their use (i.e. logistics porters
and food delivery couriers). At the same time, economic
burdens from investing in the transition to digital agricul-
ture could exacerbate the labour-capital conflict, inducing
farmers to rely on less fair work schemes.

Another aspect to consider is the potential for digi-
talisation to exacerbate power asymmetries between,
on one side, large farmers and, on the other side, peas-
ants and agroecological farmers. The latter are often
excluded from funding and incentive programmes,
and digital technologies may not be suited to them, as
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they tend to be tailored to the needs of larger and more
influential players.

Against this backdrop, assuming a JT perspec-
tive allows the potential impact of digital agriculture to
be assessed on all the different players within the agri-
food system, but also to consider farmers and workers as
social actors who can be drivers of emancipatory tech-
nical innovation, counteracting the tendency to analyse
labour, sustainability and innovation as separate issues
(Rathzel et al., 2021).

At a policy level, indeed, digitalisation can offer
the opportunity to promote a rescaling of agriculture
towards place-based models and practices that have
proven to be more resilient and capable of ensuring food
safety and security (Marsden, 2013). To this end, policy
interventions should be informed by a JT approach that
perceives work as interconnected with the community,
both the place-based community of the surrounding
area and the wider community that connects consumers
to producers (Murphy et al., 2022). Such an approach is
crucial to consider the food system as a whole, also in
order to avoid placing the burden of the transition solely
on the shoulders of farmers.

The framework developed by Aubert et al. (2021)
for the ecological transition of the French dairy sector is
in line with these considerations. Based on the require-
ments of the French National Low Carbon Strategy the
authors devised two different scenarios. The first one,
associated with greater job losses, envisages an adapta-
tion and compensation strategy for the industrial sector
which is limited to obtaining results in terms of reduc-
ing the emissions of individual companies. The second
scenario, on the contrary, simultaneously considers the
effects on biodiversity, health and employment by inte-
grating a JT perspective. This allows more integral pol-
icy measures able to support the ecological transition
while also preserving employment levels.

4. A JT FRAMEWORK FOR EXPLORING THE IMPACT
OF DIGITAL AGRICULTURE

As highlighted in the above-mentioned debates,
the penetration of digitalisation into agriculture entails
risks and opportunities for the sustainability of the food
system, depending on various technological, econom-
ic, environmental and social factors. Therefore, more
nuanced empirical research is required to observe how
these factors are combined within each specific context.
In order to shed light on the socio-economic implica-
tions of digital agriculture, it is also fundamental to
grasp the drivers of the diverse digitalisation patterns,

Maura Benegiamo, Alessandra Corrado, Marco Fama

how these affect, and are affected by, the decisions made
by the actors involved, and how these decisions are, in
turn, influenced by the institutional framings of the eco-
logical transition.

To better orient empirical research, a framework
able to capture the interplay of all the dimensions of
agricultural digitalisation can be helpful. The term
“framework” refers to a heuristic model that can help
guide empirical research and develop a comprehensive
approach to understanding a complex phenomenon.
It should by no means be considered as a rigid scheme
to be followed strictly, but rather as a flexible tool to be
adapted and refined according to the specific research
question and context. It is also important to recognise
that, while it can offer important descriptive informa-
tion, a framework does not in itself provide a deep ana-
lytical understanding of the phenomenon being studied.
Hence, it is essential to adopt it in conjunction with oth-
er analytical tools and approaches. A well-known exam-
ple of a framework is the one developed by Ian Scoones
(1998) for the analysis of sustainable rural livelihoods,
where all factors affecting the subsistence of individu-
als are schematically illustrated in relation to five key
indicators (context, conditions and trends; livelihood
resources; institutional processes and organisational
structures; livelihood strategies; sustainable livelihood
outcomes).

In our framework, we propose to consider six
dimensions, listed in Table 1. A set of questions is asso-
ciated to each dimension. In addition, we have focussed
on the idea of just transition, as an approach capable of
combining work and territory within a transition per-
spective attentive to the intersectional impacts of trans-
formations in industry sector models.

Building on Tribaldos, Kortetmaki (2022), for each
dimension we have also identified criteria for just tran-
sition in food systems potentially applicable at a pro-
cess- / policy-pathway evaluation level. These criteria are
intended to provide guidelines and normative visions
regarding desired directions of change, aiding clarifica-
tion and discussion of what makes transitions just (see
ILO, 2015; UNFCCC, 2020).

The criteria are derived from basic principles and
fundamental rules of justice established in philosophy
and social theories of social justice - corresponding
to “A-level principles” in the model proposed by Trib-
aldos, Kortetméki (2022)%. For each A-level principle,
more practical rules of justice serving as an analytical
lens to just transition can be inferred - corresponding to

% According to the two authors, these are: distributive justice, cosmopol-
itan justice, ecology and non-human beings, procedural justice, recogni-
tion justice, capacities.



Agricultural digitalisation and just transition: a framework for the analysis 11

Table 1. Dimensions of agricultural digitalisation

Dimension

Description

Context

This dimension refers to all the context-specific factors that affect the adoption and outcomes of digital agriculture.
Related questions should explore how the context shapes local agricultural practices, the strategies adopted by the actors
and the different tools of agricultural digitalisation proposed and/or adopted.

Actors and socio-
cultural dynamics

This dimension refers to the impact that digital agriculture has on social structures and rural communities as well as
its relation with the symbolic and cultural spheres. Related questions should analyse the actors involved and the social
networks in which their digital practices are embedded, the related processes of knowledge creation and transfer, and the
factors (in terms of resources, values, beliefs) that affect digital agriculture tools adoption and impact.

Technological
infrastructure

This dimension refers to the hardware, software and connectivity required for the digitalisation of agriculture. Related
questions should explore the accessibility and quality of the technical options available in a given context, their potential
socio-economic outcomes, as well as the factors that influence the extent of technology adoption, such as business
structure, type of farm production, cost, perceived risks and benefits, cultural attitudes, literacy among farmers, etc..

Economic model

This dimension refers to the development model followed by the farms that innovate digitally, their scale and position
within the value chains, and the broader economic implications of digital agriculture. Related questions should explore
how digitalisation is connected with the different trajectories of agricultural development, its impact on value creation
and distribution and the way it is affecting the labour market and the socio-economic structure of agri-food production.
In a different vein, it is also relevant to grasp the economic context within which digital technologies are embedded,
fabricated and promoted on the market. To assess the specificity of the technoscience market and its relations with, for
example, financial tools or public incentives, on one side, and the specificity of the farm economy on the other.

Environmental
implications

This dimension refers to how digital agriculture affects the “social production of nature” and the influence of nature over
social production and reproduction. Related questions should investigate the immediate digital agriculture impact on
the ecosystems, but also the unintended effects that the new practices induced by digitalisation can have in terms of
biodiversity loss and ecosystem alteration, as well as the potential emergence of new consumption patterns and market
dynamics that may have off-farms environmental implications. A focus on the entire value chain may also be relevant,
including the impact of the agritech sector, as well as the underlying greenhouse gas and environmental footprint due to
data mining and storage, which is becoming increasingly significant in terms of the overall footprint of IT.

Institutions,
governance and
policies

This dimension refers to the institutional processes, the regulatory framework and political dynamics governing
agricultural digitalisation. Related questions should explore how the outcomes of digital agriculture are negotiated and
affected by institutional factors, the influence exercised by policies and governance structures at local, national, and
international levels, and the potential conflicts that may arise. This latter aspect is also related to the presence and type
of participation mechanisms and the degree of inclusion of potential stakeholders, as well as their definition and relative
power assimilations.

“B-level principles”. In our case, we have identified a list
of B-level principles that include, but are not limited to:
1. right to food, labour justice (incl. farmers, herders and
fishermen); 2. just food-chain structures and livelihood
opportunities, (distributive justice); 3. global fairness
(cosmopolitan justice), intergenerational justice and fair-
ness; 4. ecological integrity and justice for animals (ecol-
ogy and non-human beings); 5. just processes and access
to relevant information (procedural justice); 6. respectful
pluralism and esteem recognition and non-discrimina-
tion (recognition and intersectional justice); 7. capacity
building (capacities).

For each of the dimensions identified, and with the
aim of substantiating and operationalising them, Fig-
ure 1 lists a set of potential questions whose articulation
with the criteria in Figure 2 makes it possible to narrow
the focus of the analysis, according to the political econ-
omy perspective of the JT approach.

Answering the questions listed in Figure 1 allows a
more comprehensive understanding to be gained of how

the digitalisation paradigm and specific digital technolo-
gies articulate into the research context, going beyond
sectoral analysis about agricultural digitalisation. Taking
into account the complexity of the analysed phenom-
ena is indeed an increasingly recognised requirement of
innovation and transition processes. This also includes
the need to broaden the scientific capacity to include dif-
ferent perspectives and interests directly in the problem
framing, as well as in the decision-making and imple-
mentation process, in order to recognise the systemic,
normative and uncertain character of socio-technical
transformation processes, such as those related to the
challenges of climate change and sustainability (Funto-
wicz, Ravetz, 2003). In line with these arguments, once
the above dimensions have been examined, we suggest
integrating a political economy perspective based on the
previously listed dimensions of justice as substantive ele-
ments for a JT approach. This makes it possible to devel-
op a framework to assess whether and how, in a given
context, the digital transformations of agriculture are
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Figure 1. Exploring the impact of digital agriculture: potential questions.

POTENTIAL QUESTIONS

- Which are the features of local agrarian structures?

- How is the context characterised from a geographical, morphological and natural point of view?
- Which are the main local products and agricultural models?

- What kind of infrastructures are available?

- Are there producers organisations or bodies that connect farmers to each other?

- Have local farmers access to global/local markets?

- What are the connections between urban and rural areas?

CONTEXT

- Who are the actors involved in the different stages and trajectories of agricultural digitalisation,
and how they are connected?

- Who remains excluded?

- Who does what, and why?

- Are digital farmers increasing their know-how?

- What kind of access do they have to the knowledge required and produced?

- How is the existing set of resources affecting the diffusion of digital agriculture and its outcomes?

ACTORS AND SOCIO-
CULTURAL DYNAMICS

- How are the diverse digital patterns linked to the size and business strategies of the farms
involved?

- Are digital farmers more oriented towards multifunctionality or productivity gains?

- Are they producing for local markets or for the agro-industry?

- How are they performing, compared to non-digitalised farmers?

- How is digitalisation affecting local agrarian structures and labour market in quanti-qualitative
terms?

ECONOMIC
MODEL

DIMENSIONS

- How are the rules about funding, competition, data management, etc. established and negotiated?

- Who has access to what kind of resources?

- Is there any governance and policy framework to ensure that the outcomes are benefiting all
stakeholders and are aligned with broader social and environmental goals?

- Is agricultural digitalisation directly or indirectly creating new conflicts? Among whom, and how
they are solved?

INSTITUTIONS,
GOVERNANCE AND
POLICIES

- How is the management of land, water and other natural resources evolving as a consequence of
the diffusion of digital agriculture?

- How are the inputs used and the outputs produced by digitalised farms differ compared to other
farms?

- Is digitalisation prompting farmers to shift towards specific crop varieties or animal breeds?

- Are new markets and consumption practices emerging as a consequence of digitalisations?

ENVIRONMENTAL
IMPLICATIONS

- Which technologies are available and to whom?
- Who is adopting what technology, and why?
- Is the technology adopted supporting or appropriating farmers' decisions-making?

TECHNOLOGICAL
INFRASTUCTURE
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Figure 2. Exploring the impact of digital agriculture: JT criteria.

CRITERIA

- The access to suitable farmland is protected.

- Access to and safe use of water is guaranteed for all, regardless of economic status, gender, age or culture.

- Multiple opportunities for livelihoods in rural areas are retained or designing them is supported.

- Transition demands are designed in a way that different-sized food system actors are able to respond to them.
- The access of the whole population to sufficient nutritious, adequate, and safe food at all times is protected.

- People are not discriminated on ethnic-, gender-, age-related, or other grounds.

- The established or supported food jobs have fair payment and working conditions.

- Small farmers, communities and women may be identified as key actors in the process and their perspective included in
policy design.

- People are entitled to access tailored capabilities to guarantee their rights in the workplace and as food consumers.

- Unionisation is guaranteed and promoted at all levels.

- Workers participation is assured so that they can influence the decision taken by company boards or councils.

ACTORS AND
DYNAMICS

p==| SOCIO-CULTURAL |== CONTEXT

- The resilience of food supply chains towards shocks is increased.

- Farmer resilience towards shocks is retained or improved.

- Established food chain relations are reciprocally agreeable.

- Social protection is guaranteed at all levels and social cohesion is promoted.

- Wages are worthy and guarantee social reproduction and a dignified life.

- Farmers, especially small farmers and workers are provided with effective positive alternatives and concrete
possibilities to avoid corporate pressure on their labour and challenge food-system locks-in.

- Real market and production alternatives to the corporate food system are guaranteed, which also guarantee climate
mitigation.

ECONOMIC
MODEL

- Decision-making processes are sufficiently transparent, inclusive, and provide a fair opportunity for different voices to
be heard.

- Decision-making does not create or intensify power disparities.

- Reliable information about the impacts of food systems and different diets on humans and nature is available to all in
decision-making and climate action.

- Governments act as a lever for just transitions in food and agriculture, to facilitate ecological paradigm shift and effective
transformations on the scale required.

- A comprehensive just transition framework is adopted for policy making.

DIMENSIONS
INSTITUTIONS,
POLICIES

== GOVERNANCE AND [==

- Ecosystem health is improved.

- Biodiversity is protected or increased.

- Soil, water, and air health/quality is retained or improved.

- Natural (biotic and abiotic) resource use stays within planetary boundaries.

- The inherent value of animals is respected, and they are treated respectfully.

- The nexus between intensification, industrialisation and deforestation is taken into account in policy design to contrast
climate change and promote an ecological paradigm shift.

- Systemic responsibility of food chain actors for climate change and biodiversity loss are taken into account by agrarian
policies so that farmers and workers are not burdened with an unfair responsibility for fixing the crisis.

- Agricultural, energy and environmental policy are interconnected to provide farmers with the technical, economic and
political support to work with ecosystems, including the promotion of agroecological practices and approaches.

- Degraded environments are restored, and livelihood is guaranteed.

- Place based politics and tailored responses to local crisis dynamics are adopted.

- The caring of ecosystem services and landscape protection activities are considered as part of farm labour and services
provided to community.

ENVIRONMENTAL
IMPLICATIONS

- Supported innovations are made available to interested actors, especially least-advantaged groups.

- Developing individuals’ skills for transition activities is supported.

- Capacity building to engage people in collective action for transitions is supported.

- Responsible research and innovation (RRI) principles are embedded into technological offer to anticipate their
consequences, and to involve society in discussing how science and technology can help in responding to actual needs
and create a desirable world.

- Open access approaches to technology and data are promoted, as well as sharing usage and practices.

- The point of view of workers and underprivileged persons is directly included in the framing of the problem, as well as
in the decision-making and implementation process of the technology offer.

- Dimensions of relatedness, adaptability, accessibility, bio-interaction and appropriateness are fulfilled in the technology
design and output.

TECHNOLOGICAL
INFRASTUCTURE
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in line with the JT criteria in Figure 2 or whether they
are exacerbating inequalities and leaving certain groups
behind. The final step is to understand to what extent
the different actors involved have the possibility to influ-
ence the ongoing digitalisation patterns, who bears the
costs and who should benefit the most. The ecological
dimensions of both labour and production process are
also taken into account and articulated with the analysis
of digital transformation.

5. CONCLUSION

The penetration of digitalisation into agriculture
is a process entangled with the capitalist development
of agriculture and the related politics of sustainabil-
ity. Therefore, a wider political economy perspective is
needed to shed light on the deepest implications of agri-
cultural digitalisation, moving beyond most enthusiastic
and techno-centric narratives portraying it as a win-win
solution and a necessary transformation for the sustain-
ability of the agri-food system.

From a theoretical standpoint, the existing litera-
ture has already outlined a number of potential risks
surrounding agricultural digitalisation in the context of
the “corporate-environmental food regime” (McMichael,
2005; Friedmann, 2013), especially for smaller farmers
(Stone, 2022; Rolandi et al., 2021; Dietz, Drechsel, 2021;
Rotz et al., 2019; Mooney, 2018; Hackfort, 2011). Never-
theless, it is important to take into account that the driv-
ers and effects of agricultural digitalisation may differ
enormously according to the specificity of the local con-
texts. While one must consider how the latter are struc-
turally integrated into the existing food regime, it is also
fundamental to keep in mind that the choice to innovate
digitally is part of changing strategies adopted by farmers
to cope with both endogenous and exogenous problems.

It follows the need for empirical research enabling
a more nuanced understanding of local contexts while
also retaining a broader political economy perspective.
To this end, we proposed a framework aimed at explor-
ing the different dimensions of agricultural digitalisation
through a set of questions that, for the sake of concise-
ness, could be reframed as follows: a) what are the driv-
ers of agricultural digitalisation and how is this process
negotiated and affected by the context-specific strate-
gies adopted by farmers? b) how are these trajectories
of change connected to the long-term trajectories of the
global agri-food system? c) how is digitalisation influ-
encing the capacity of local ecosystems to sustain agri-
culture and vice-versa? d) who are the actors involved in
the political definition of rural sustainability and who

Maura Benegiamo, Alessandra Corrado, Marco Fama

are those that remain excluded? e) what are the effects
of agricultural digitalisation on existing power relations
and socio-economic structures?

Answering these questions implies the adoption of a
JT perspective focused on whether ongoing agricultural
digitalisation processes are exacerbating existing inequal-
ities or leaving vulnerable groups behind. At a policy lev-
el, such an approach is essential to gain valuable insights
into how to mitigate the potential negative effects of agri-
cultural digitalisation and, at the same time, reframe sus-
tainability goals and practices in a more equitable way.
To be sure, the digitalisation of the agri-food system is an
ongoing and evolving process. New elements and dimen-
sions are likely to emerge, requiring continuous adjust-
ments to the proposed framework.
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