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Abstract

Inrecentyears, several forward-looking initiatives have been taken in the direction of digital and sustainability transitions. Digitalisation
is also gaining importance in EU, national agricultural and rural development policies, as it can enhance all three dimensions of
sustainability and can lead to more efficient agricultural production and development. In this study, we conducted a consistency
analysis to identify the interdependencies, impacts, and possible contradictions between the strategic objectives. The analysis
compares the EU Common Agricultural Policy objectives with the Second Climate Change Strategy of Hungary (NCCS-2), the National
Framework Strategy on Sustainable Development (NFSSD), the National Digital Agricultural Strategy (NDAS), and the National Rural
Strategy (NRS) and explores the policy linkages between digital and sustainability transitions. The strategy documents are examined
hierarchically between the EU and national levels, with a particular focus on the sector's important role in climate change mitigation
and adaptation-related processes. The results can support the emergence of innovative solutions and activities in rural areas and can

contribute to improving the competitiveness of the agricultural sector, thereby supporting both the decision-making process and the

achievement of rural sustainability ambitions.
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1 Introduction

Climate change is one of the most critical economic
and social challenges of the 21* century, and its impact
on environmental sustainability has been confirmed
in several documents (IPCC, 2019; 2021; Stern, 2006;
WWE, 2011). All sectors must work together in a coor-
dinated and comprehensive way to be able to tackle cli-
mate change effectively (Zoldy et al., 2022), which can be
supported by a holistic approach considering the life cycle
theory. Furthermore, the life cycle concept can enhance
the socio-economic and environmental dimensions of
sustainability in line with mitigation and adaptation
goals. The Paris Agreement (United Nations Framework
Convention on Climate Change (UNFCCC), 2015),
adopted in December 2015, is a landmark in addressing
climate change by accelerating the transition to a low-car-
bon economy. Anthropogenic greenhouse gas emissions

are increasing worldwide, and a significant share of these
emissions is linked to the corporate sector.

Several initiatives have been taken to achieve carbon
neutrality as a way for companies to demonstrate their cor-
porate social responsibility. The Sixth Assessment Report
of the Intergovernmental Panel on Climate Change (IPCC)
clearly shows that climate change will intensify in all
regions in the coming decades. Increasing heat waves, lon-
ger warm seasons, and shorter cold seasons are expected.
At 2 °C global warming, extreme heat events would
reach critical tolerances for agriculture more frequently.
The Sixth Assessment Report is the first to provide a more
detailed regional assessment of climate change. It also
underlines that human activity is still having an impact on
climate change. Carbon dioxide is the main driver of cli-
mate change, even if other greenhouse gases also affect the
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climate. Limiting methane from agriculture could be bene-
ficial for climate protection (Gyarmati, 2021; IPCC, 2021).

As a result of the COP26 climate summit, the Glasgow
Climate Pact was adopted, in which the countries of the
world agreed to a global average temperature increase of
1.5 degrees Celsius by the end of the century. The Parties
have adopted comprehensive and new climate finance
packages and commitments on nature and land use, as well
as promoting sustainable agriculture and advancing food
security. Promoting innovation and sustainable develop-
ment has become a key element of European development
policies. The European Commission is increasingly pro-
moting its commitment to sustainable agriculture and
food production, as reflected in the European Green Deal
(European Commision, 2019). The European Commission,
as part of the Fit for 55%! package aims to help develop
sustainable solutions for carbon removal which is the first
step towards a certification framework for decarbonisation
(European Commission, 2021a).

The EU's Common Agricultural Policy (CAP) also
supports the environmental objectives of the European
Green Deal's "Farm to fork" strategy and the Biodiversity
Strategy, highlighting the importance of food security and
the shift toward sustainable food production (European
Commission, 2020a). In 2021, the new EU Adaptation
Strategy (European Commission, 2021b) was published,
focusing on achieving a climate-resilient European Union
in line with the EU's green economy and sustainabil-
ity ambitions. The main objective of the EU Adaptation
Strategy is to make the EU a climate-resilient society by
2050, with a key role for climate innovation efforts in rural
areas and the implementation of measures and improve-
ments in the agricultural economy.

2 Problem statement

Agriculture is an important strategic sector of the
Hungarian national economy; however, it must deal with
high vulnerability due to the possible impacts of cli-
mate change, so mitigation and adaptation measures are
essential. In the context of Hungarian agriculture, sev-
eral studies have highlighted the importance of adapta-
tion to the expected impacts of climate change (Bir6 and
Szalmané Csete, 2021a; 2021b; Farkasné Fekete, 2009;
Fiir and Csete, 2010; Gaal et al., 2021; Li et al., 2018).
There are several examples where the importance of cli-
mate change impacts, mitigation and adaptation in agri-
culture is presented from different perspectives (Erdélyi
and Boksai, 2019; Karakasné Morvay and Erdélyi, 2020).

Adaptation is gaining attention as a necessary and
inevitable response to the challenges of climate change.
Future climate modelling will help to identify the poten-
tial impacts on agricultural production. Erdélyi (2016)
shows the importance of case studies in agriculture, show-
ing that rising temperatures can have a positive impact
on yields, but if they rise too much or are coupled with
other weather extremes, yield levels can be significantly
reduced. Aryal et al. (2019) provide an overview of the
impacts of climate change on the agricultural sector and
adaptation options in smallholder production systems in
South Asia. From an analysis of 720 farming households
in Nepal, Khanal et al. (2017) found that climate change
adversely affects agriculture and farmers have adopted dif-
ferent adaptation practices to minimise climate impacts.

Climate change mitigation may require smart and inno-
vative technologies that can address the complex prob-
lems that will arise in the future (OECD, 2021). Digital
transformation is an increasingly prominent issue in the
European and in the domestic agricultural policy, which
can enhance all three dimensions of sustainability:

1. increasing farmers' incomes,

2. reducing production risks and environmental pres-

sures, and

3. reducing critical labour shortages in agriculture

(Szoéke and Kovacs, 2020).

The research aims to identify interdependencies,
impacts, and possible contradictions between strate-
gic objectives of relevant policy development processes.
The following research questions were posed in the study:

* What sustainability and climate innovation aspects

are reflected in national agricultural strategies?

* In Hungary, which climate-smart agricultural mea-

sures are supported and in line with the objectives
of the new EU Common Agricultural Policy (CAP)?

The objective-based assessment of the CAP will focus

on the following 4 relevant strategies:

l. Second Climate Change Strategy of Hungary
(NCCS-2) 2018-2030 (Ministry for Innovation and
Technology, 2018);

2. National Framework Strategy on Sustainable
Development (NFSSD) (National Council for
Sustainable Development (NFFT), 2013);

3. National Digital Agricultural Strategy (NDAS)
(Government Resolution 1470/2019, Government of
Hungary, 2019);



4. National Rural Strategy (NRS) (Ministry of Rural
Development, 2012).

Thus, the strategic documents are considered hierar-
chically between the EU and national levels, given the
important role of the sector in climate change mitigation
and adaptation. There is no single Member State in the EU
whose agricultural sector can be considered fully adapted
to climate change, so adaptation efforts need to increase
across the sector (Mutua Ndue and Goda, 2021). Research
can contribute to the realisation of sustainable agriculture
and can support the increase of the sector's competitive-
ness, added value, and income-generating capacity, as
well as highlight the importance of agri-digitalisation.

3 Consistency analyses

In the environmental assessment of policy measures
and strategies at the EU and national levels, there are
many cases of consistency focused examinations, where
the objectives of the document under review are con-
sidered in terms of their consistency (Department of
National Parks and Landscape Protection, Ministry of
Agriculture, 2016; Duwe and Spasova, 2021; Ladoneczki
and Kosi, 2014; Ministry of National Development, 2013;
SKV Csoport, 2003; t33 Srl, 2015).

Consistency analysis reveals the links between strate-
gic objectives and their direction as mutually reinforcing/
weakening/repelling/neutral relationships. By exploring
the relationships, strategic recommendations can be for-
mulated to prevent conflicting trends. Consistency analysis
can also be used to compare development goals, environ-
mental priorities, and objectives. The analysis focuses on
the coherence of the strategy's objectives and lines of inter-
vention with other strategies and their objectives. Based
on the literature review and previous research, consistency
analysis was chosen as the way to compare the national
and EU strategies from the research question's perspective.

The European Green Deal (EU Green Deal) targets at
least 55% net greenhouse gas emissions by 2030 compared
to 1990 levels, and for the EU to become a climate-neu-
tral economy by 2050. Sustainable agriculture and farm-
ers can play an important role in meeting the challenges
of the European Green Deal. The EU Emissions Trading
Scheme (EU ETS) puts a "price" on carbon dioxide and
reduces the emission limit for certain sectors of the econ-
omy each year. EU countries have a shared responsibil-
ity to remove carbon dioxide from the atmosphere, so the
Land Use, Forestry and Agriculture Regulation set overall
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EU targets for the removal of carbon dioxide through nat-
ural sinks, equivalent to 310 million tons of carbon dioxide
emissions, by 2030.

The EU's Common Agricultural Policy (CAP) is key
to securing the future of agriculture and forestry and to
achieving the goals of the European Green Deal. The new
CAP (European Commission, 2020b), which starts in
2023, sets out a series of measures to encourage farm-
ers to adopt greener farming practices. The CAP aims to
promote a more sustainable and competitive agricultural
sector that can support farmers' livelihoods and provide
healthy and sustainable food for society and rural areas.
The CAP focuses on nine objectives linked to the EU's
common objectives for the social, environmental, and
economic sustainability of agriculture and rural areas.
Member States design their national CAP Strategic Plans
around these objectives.

The Common Agricultural Policy plans should
be in line with the Paris Agreement of 2015 (United
Nations Framework Convention on Climate Change
(UNFCCC), 2015), which stresses the need for a bal-
ance between mitigation and adaptation measures on
several points. The objectives of the CAP (European
Commission (2020b) are:

1. A fair income for farmers to enhance food security.

2. Increase competitiveness, with a greater emphasis

on research, technology, and digitalisation.

3. Improving farmers' position in the value chain.

4. Increase climate change measures (mitigation and

adaptation).

5. Promoting sustainable development and efficient

natural resource management.

6. Contribute to halting and reversing biodiversity

loss, the enhance ecosystem services.

7. Supporting generational renewal and business

development in rural areas.

8. Stimulating the economy of rural areas: local

development (bioeconomy, sustainable forestry).

9. Food quality and health protection: sustainable

food production, reducing food waste (European
Commission, 2020b).

The selected Hungarian national development strate-
gies were examined for each of the nine CAP's strategic
objectives. The consistency analysis aims to identify how
the strategic objectives fit together and what their effects
and possible contradictions are. The content of the EU
strategy is compared with four national strategies (listed
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in Section 2), examining the links between the objec-
tives. For the analysis, we have selected the most relevant
national strategies that consider agricultural digitalisation
and sustainability issues. Focusing on the areas of sus-
tainability and climate innovation, we present the main
linkages and identify critical points where potential inter-
ventions are needed. The links and trade-offs between
the objectives are assessed in a tabular format. The nine
CAP headline objectives presented above form the col-
umns of the table and the rows are based on the objec-
tives of the national agricultural strategy. Each cell is an
attempt to show the strength and direction of the relation-
ship between the objectives.

By direction of the interrelation, we mean how each
objective relates to the sustainable development and cli-
mate innovation objectives. First, the direction of the
interrelation is defined: as positive (+, there is a relation-
ship between the targets) or negative (—, there is a contra-
diction between the targets). It may be that each objective
has both a positive and a negative effect, in which case the
interrelation is neutral (+/-). The strength of the relation-
ship between objectives is indicated by a single (+ or —)
or double (++ or — —) sign. In some cases, there is no link
between the examined objectives, this is indicated by a
separate "0" or not relevant (NR).

3.1 Second Climate Change Strategy of Hungary

The Second Climate Change Strategy of Hungary 2018—
2030 (NCCS-2), which is based on a decarbonisation and
adaptation vision in line with mitigation and adaptation
objectives, has been developed to look ahead to 2050.
The strategy has three pillars. The Hungarian Adaptation
Strategy is the first pillar of the NCCS-2. Another pillar

of the NCCS-2 is the National Decarbonisation Roadmap
(NDR), and the third pillar of the Strategy is the Horizontal
Tools which include the Climate Awareness Plan (Ministry
for Innovation and Technology, 2018). The biggest chal-
lenge for adaptation is the pace and scale of climate change.
Rapid changes may not be able to be accommodated
dynamically and flexibly by social and economic systems,
and may even threaten systemic stability, making it essen-
tial to study and understand the likely impacts of climate
change, identify the associated intervention options, and
disseminate and implement solutions as widely as possible.

NCCS-2 sets specific targets for decarbonisation, cli-
mate partnership, and adaptation. The consistency anal-
ysis has been carried out along these specific objectives
(Table 1), as they provide the strategic objectives. For agri-
culture, adaptation measures are the key focus, but there
are also mitigation measures that promote adaptation and
increase the sector's productivity, competitiveness, food
security, and rural resilience by creating jobs and contrib-
uting to sustainable agricultural production (Ministry for
Innovation and Technology, 2018).

The agriculture-related objectives in the Hungarian
Decarbonisation Roadmap (HDR) include the development
of production systems with lower energy and more efficient
use of fertilisers (e.g.: organic farming), promotion of pre-
cision farming technologies and organic farming practices,
reduction of methane production, life cycle assessments for
technologies and farming practices, fertiliser management
and energy recovery, revision of production structure such as
organic farming, and increased but sustainable use of geother-
mal energy. In the NCCS-2, climate adaptation is addressed
as a separate strategy in the National Adaptation Strategy
(NAS). The decarbonisation and adaptation objectives are

Table 1 Consistency analyses of the strategic objectives of the Second Climate Change Strategy of Hungary
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complemented by a Climate Action Programme (Partnership
for Climate Action - Climate Action Plan). The objectives
set out long, medium-, and short-term action lines, broken
down by sector. The target areas are energy, transport, agri-
culture, industry, and waste management.

The medium-term action lines of the Hungarian
Decarbonisation Roadmap include a complete overhaul of
the agricultural production structure, an increase in organic
farming, and the development of a rural economy that is
adaptable to changing climatic conditions and provides a
good living for rural areas, in many cases consistent with
EU food security objectives. Environmental and territo-
rial objectives, such as sustainable use of natural resources
and combating climate change and ensuring the economic
and social dynamism of rural areas, are prominent among
the CAP objectives (European Commission, 2020Db).
In line with the EU objectives, the environmental objec-
tives are directly linked to the NCCS-2 objectives, while
the territorial objectives are indirectly linked to the
NCCS-2 objectives, and climate policy aspects are also
included. The co-financing scheme for rural development
supports competitiveness growth, innovation, the creation
of "knowledge-based" agriculture, and the sustainable
management of natural resources, the latter being also of
crucial importance for the NCCS-2. The objectives of the
NCCS-2 are partly consistent with the strategic objectives
of the EU Common Agricultural Policy (Table 1). There is
a strong interaction with the strategic objectives for agri-
culture and rural development. The decarbonisation objec-
tives are supported by research, development, and innova-
tion, in particular the use of material and energy-saving
technologies, renewable energy sources, biomass utilisa-
tion, and environmentally friendly agri-techniques as cli-
mate innovative tools. Climate change awareness aims to
integrate climate awareness and sustainability into plan-
ning, decision-making, and action at all levels of society.

3.2 National Framework Strategy on Sustainable
Development

Climate change and population growth challenge the agri-
cultural sector to meet society's food needs while preserv-
ing the environment and natural resources. Innovation has
a key role to play to achieve more sustainable and solu-
tion-oriented agriculture. And innovative solutions aim to
support the UN Sustainable Development Goals (SDGs).
The basic idea and guiding principle of the framework
strategy are that "4 good life is unthinkable without the
right quantity and quality of natural resources." (National
Council for Sustainable Development (NFFT), 2013:p.22).
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The National Framework Strategy on Sustainable
Development (NFSSD) aims to contribute to a national con-
sensus on the concept of sustainability; support the transi-
tion towards sustainability and serve as a long-term con-
cept for policy-making processes (National Council for
Sustainable Development (NFFT), 2013). The Framework
Strategy sets out strategic objectives and instruments for the
four national resources — human, social, environmental, and
economic — for the period 2012-2024. Since its adoption,
the Framework Strategy has already produced four Progress
Reports, which assess the last two years and focus on the
four national capitals (environmental, economic, social, and
human) of sustainability. Given the horizontal nature of sus-
tainability, the Progress Reports are the most comprehensive
general country assessments to date, covering our human
resources, social capital, the natural environment (land use,
material flows: extracted minerals, pollution and waste, and
climate change) and our economic capacity (employment,
innovation, public debt, intergenerational accounts).

The National Framework Strategy on Sustainable
Development specifically addresses the current state of the
environment and sustainability targets. It highlights biodi-
versity conservation, the protection of renewable natural
resources, the maintenance of species richness unique in
Europe, the preservation of landscape and natural assets,
and the prevention of the depletion of ecosystem services
as aspects of sustainability. Another important objective is
to maintain soil fertility, reduce the rate of encroachment
on natural areas and manage renewable resources based
on sustainable yields.

The results show that the sustainability objectives inter-
act positively with the CAP's strategic objectives, with a
particular focus on contributing to climate change and
natural recourses protection. Although the preparation
of the NFSSD also predates the EU, it can be considered
largely consistent with it (Table 2).

3.3 National Digital Agricultural Strategy

The National Digital Agricultural Strategy of Hungary
(hereinafter: NDAS) was created to increase the digi-
talisation and competitiveness of agriculture, aiming at
the spread of digital solutions and precision farming in
agricultural production. Modern technologies contribute
to increasing food security and the profitability of agri-
cultural production (Government Resolution 1470/2019,
Government of Hungary, 2019). Agri-informatics tools,
data collection sensors, and robotic solutions support pro-
duction, increase the profitability and food safety of the
food economy, and reduce the sector's environmental
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Table 2 Consistency analyses of the strategic objectives of the National Framework Strategy on Sustainable Development
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impact, thereby contributing to rural development.
The overall objective of the NDAS is to contribute to
increasing the competitiveness of agricultural production
through information gathering, processing, automation,
and robotisation of technological operations while making
efficient use of environmental resources.

The achievement of the overall objectives is supported
by eight horizontal objectives in three strategic areas
(agricultural production; agricultural holding; production
trajectory) and four horizontal areas (human resources;
research, development, and innovation; public administra-
tion and services; development policy and aids) (Table 3).
The Strategy's programmes are not only targeted at large
enterprises, but micro, small and medium-sized enter-
prises are the main beneficiaries of digital support.
To increase incomes, it is crucial that digital agri-technol-
ogies are developed based on farmers' needs and respond
to real challenges (Government of Hungary, 2019).
Precision farming can be an innovation for sustainability
that directly contributes to achieving sustainable agricul-
ture also at the EU level. The wider application of pre-
cision farming will bring significant competitiveness and
efficiency gains to the sector.

The new Common Agricultural Policy will also include
the need to design Agricultural Knowledge Sharing and

Innovation Systems, which will allow the development of
support schemes and programmes that apply climate-smart
tools in response to sustainability challenges and help the
sector to become more agri-digital. Technological inno-
vation and knowledge transfer will provide solutions to
address sustainability challenges, and digitalisation and
precision farming will play a significant role in this.

3.4 National Rural Strategy

At the national level, there is a growing focus on the con-
servation of natural resources and values, sustainable man-
agement, agriculture, and rural development. The National
Rural Strategy of Hungary aims to define the objectives,
principles, and implementation measures for the national
rural policy up to 2020, focusing on sustainable develop-
ment, viable agricultural and food production, and the val-
ues of rural life. Instead of a sectoral approach, it provides
a common strategic framework for specialised areas such
as rural development, nature and environment protection,
water, agribusiness, and food production.

The CAP essentially defines the scope for national agri-
cultural and rural strategy. The EU's rural development pol-
icy is the second pillar of the CAP and aims to support rural
areas in the EU. Under Government Resolution 1003/2021
(Government of Hungary, 2021), the Government has
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Table 3 Consistency analysis of the strategic and horizontal objectives of the National Digital Agricultural Strategy
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increased the domestic co-financing of the rural devel-
opment pillar of the Common Agricultural Policy from
17.5 percent to 80 percent over the next seven years.

A key objective of the National Rural Strategy is to
ensure the sustainability of rural areas. The global chal-
lenges facing Hungary's rural areas include climate
change, increasing climatic extremes, food security and
the food chain, environmental sustainability, biodiver-
sity, and landscape-sustainable agriculture. In response to
these global challenges, the overall objective is to improve
the population absorption and retention capacity of rural
areas, considering three horizontal aspects: sustainability,
territorial and social cohesion, and urban-rural linkages.
It sets out five strategic objectives to achieve the overall
objective (Table 4).

The objectives of the National Rural Strategy are in
many ways consistent with the EU's objectives on sustain-
ability, highlighting the conservation of our landscapes'
natural values and resources, which contributes signifi-
cantly to the CAP objectives.

However, the targets to stimulate the rural economy,
increase employment and improve the quality of life can
also have a negative impact on the conservation of land-
scapes and biodiversity. Creating new jobs and increasing
the number of farms could jeopardise the achievement of
sustainable development and carbon neutrality objectives.

4 Conclusion

In line with the European Green Deal and the UN
Sustainable Development Goals, digital transformation
should be linked to the green transition. The challenge of
digitalisation is a transformation that strongly affects agri-
cultural enterprises and rural communities. The objectives
and implementation model of the new CAP lay the foun-
dations for sustainable digitalisation: a socio-technical
transformation process that reduces inequalities and pres-
sure on resources improves workers' conditions, increases
farmers' incomes, and stimulates bottom-up innovation.
This requires the creation of basic infrastructure, the
adaptation of technical and organisational solutions to dif-
ferent contexts, and the active promotion of digital inclu-
sion. The analysis shows that the national strategies pro-
vide the necessary support to achieve the EU's climate
goals and strategic objectives for sustainable develop-
ment. The consistency assessment has identified the inter-
relations between the EU CAP and the selected national
development strategies, which can help decision-makers
to shape relevant policies. The results of the research show
that the examined national strategies form a coherent sys-
tem with the EU's Common Agricultural Policy objec-
tives from a sustainability and climate innovation per-
spective. There are only a few inconsistencies between
the objectives of the National Framework Strategy on
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Table 4 Consistency analyses of the strategic objectives of the National Rural Strategy

Common Agricultural Policy
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S1. Protection the natural values and resources of the landscapes NR - NR ++ ++ ++ NR
S2. Diverse and viable agricultural production + ++ + ++ + ++ ++ +
S3. Food security ++ + ++ + ++ ++ + + ++
S4. Securing the livelihoods of the rural economy, increasing rural
++ + ++ +/— +/— — + ++ +
employment
S5. Strengthening rural communities and improving the quality of
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life of rural people

LEGEND: there is a strong (++), weak (1), neutral (+/-), strong (— —), weak (—) discrepancy between the strategic objectives in terms of sustainability

and climate innovation, either no relationship (0) or not relevant (NR).

Sustainable Development, and it is not in line with the
EU's innovation ambitions. This is due to the preparation
of the NFSSD, which predates the EU's CAP, but it can be
considered consistent with it. The other analysed strate-
gies show that the main strategies affecting the agricul-
tural sector form a complex system that considers social,
economic, and environmental impacts and is in line with
EU objectives. The result of the consistency analysis con-
firms that there is a strong link between climate objectives
and the sustainability of the sector, i.e., the application of
climate-smart agricultural solutions can effectively con-
tribute to sustainable agricultural and rural development,
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