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Climate change and agriculture interact with each other in many ways and have a complex impact. The agriculture
sector needs to be prepared to adapt to the expected effects of climate change, and emphasis must be placed on
prevention to achieve emission reduction targets. The research explores the current situation in the agricultural sector,
the risks of climate change, as well as the Climate-Smart Agriculture (CSA) solutions that appear at Hungarian
agribusiness. Examining the climate innovation activities of farms shows a coherence of the practical application. The
research is based on a questionnaire survey of Hungarian agribusiness and the country directorates of the National
Chamber of Agriculture. The investigation confirmed that although farmers are susceptible to Agri-lnnovation, they
only partly exploit the potential of digitalization. For agriculture, the spread of agricultural digitalization and technology
transfer is an excellent opportunity to increase agricultural production, maintain and improve its market position, and
increase its digital maturity, which can also enhance the integration of climate innovation and sustainability aspects
supporting the green economic development.

climate change agribusiness Agri-Innovation climate innovation

Climate-Smart Agriculture (CSA) sustainable development

| 1. Introduction

Climate change is one of the most critical economic and social challenges of the 21st century, and its effect on
environmental sustainability is confirmed by several documents 28 The Paris Agreement adopted in 2015 is a
milestone to deal with the core problems of climate change, as it has accelerated the transition to a low-carbon
economy. Emissions of anthropogenic greenhouse gases are increasing globally, and a significant part of this can be
attributed to the corporate sector. There have been several initiatives to achieve carbon neutrality, with which
companies can also express their social responsibility. The 2019 UN Climate Summit urges the development and
implementation of concrete measures in the field of climate change at various territorial levels. According to the latest
IPCC Special Report on Climate Change and Land, the primary GHGs between land and the atmosphere is carbon
dioxide (CO,), methane (CH,), and nitrous oxide (N,O). Activities accounted for approximately 23% of global
anthropogenic GHG emissions over the period 20072016 Bl. The IPCC’s Sixths Assessment Report clearly shows
that in the coming decades, climate changes will increase in all regions. There will be increasing heat waves, longer
warm seasons, and shorter cold seasons. At 2 °C of global warming, heat extremes would more often reach critical
tolerance thresholds for agriculture. The Sixth Assessment Report provides a more detailed regional assessment of
climate change for the first time. The report also emphasizes that human action still has the potential to impact climate

change. Carbon dioxide is the main driver of climate change, even as other GHGs affect climate. Limiting especially
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methane, which comes from agricultural sources, could have benefit in climate protection [&. The need for adaptation
depends primarily on the extent of climate change, geographical location, and available economic, environmental, and

social resources.

Research on adaptation measures has become one of the most dynamically developing research directions in the
field of climate change WEIBI7E The transfer of good practices and the assessment of the factors influencing
farmers’ decisions are both important. Adaptation to the effects of climate change, environmental research, and best
practices are the subject of many scientific papers and research studies. Scientific findings suggest that effects on
agriculture can take very heterogeneous directions, especially in crop production RIRUILIEZ 5nd animal husbandry

(131, A study was focusing on the regional impacts of climate change and local characteristics of agriculture in Europe
[14],

Promoting innovation and sustainable development is a key element in European development policies. Innovation
has a pivotal role to play in promoting a resource-efficient, greener, and more competitive economy. The European
Commission is increasingly promoting the commitment to sustainable agriculture and food production in the EU, which
is reflected in the European Green Deal. Our research is in line with the objectives of the EU’s Common Agricultural
Policy, contributing to the environmental sustainability of agricultural production. The European Environment Agency’s
2019 report 13 also draws attention to the sector’s potential for adaptation. The new EU Adaptation Strategy,
published at the end of February 2021 (COM/2021/82 final), focuses on the implementation of a climate-resilient
European Union, which is also in line with the EU’s green economic development and sustainability efforts. The main
objective of the strategy is to make the EU a resilient society to the effects of climate change by 2050, in which the
implementation of climate innovation efforts in rural areas, as well as measures and developments related to the
agricultural economy, can play a key role. Innovations related to the concept of climate innovation are typically
associated with mitigation activities but can also be created as adaptation activities.

According to the Digital Economy and Society Index (DESI), Hungary ranks 21st among 28 EU Member States 16,
The country’s performance has improved in recent years at a pace in line with the EU average. Most companies do
not take advantage of the potential of digital technologies such as cloud-based systems and big data technology. A
community survey on ICT usage and eCommerce in Enterprises (which is also the basis of DESI) is based on
enterprises with 10 persons or more and does not cover the agriculture sector. Hungary’s innovation performance lags
far behind the European Union average. The results of the European Innovation Scoreboard in 2020 show that
innovation performance continues to improve across the EU: Sweden has the best innovation performance in the EU,
followed by Finland, Denmark, and the Netherlands. Hungary belongs to the group of moderate innovators; the value
of its aggregate innovation indicator reaches 66.4% of the EU average 7. The results highlight that innovation can
play a significant role to increase the EU’s global competitiveness and tackle the COVID-19 pandemic. To help repair
the economic and social damage caused by the coronavirus pandemic, the EU has set up the Recovery and
Resilience Facility, which provides an opportunity for member states to mitigate the effects of COVID-19 and return to

growth and make the EU greener, more digital, and resilient.

The possible pathways of digital transformation have a growing importance in European and the Hungarian

agricultural policy as well 181, To increase agricultural digitalization and competitiveness, Hungary’s Digital Agriculture
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Strategy was born in 2019, which aims at the spread of digital solutions and precision farming in agricultural
production. Modern technologies contribute to increasing food security and the profitability of agricultural production.
Digitalization can strengthen all three dimensions of sustainability: it can (1) increase farmers’ income; (2) reduce
production risks and environmental pressures; and (3) diminish critical labor shortages in agriculture 12, The Digital
Agriculture Academy initiative was born to develop the digital maturity level of Hungarian agriculture, which, after
registration on the website of the National Chamber of Agriculture, helps interested farmers to get acquainted with

digitization and its applicability, thus contributing to the market advantage of a business.

Hungary lies in the Carpathian Basin, and thus its topography and climatic conditions are favorable for agricultural
production, but it is also vulnerable due to its unique characteristic, as the country’s territory is located on the border of
three climatic areas [20[21l22] Several measures and activities can be implemented to adapt agriculture to climate
change [2311241[25]1261[27] Regarding Hungarian agriculture, studies draw attention to the importance of adaptation to the

expected effects of climate change [(28[221308L[32]331[341(35] | the case of agricultural business, the literature is often

limited to the effects of climate change or greenhouse gas emissions and reductions from agriculture B8IE7I38139] 5nq
focuses on Climate-Smart Agriculture (CSA) [20l41]142]143]44]  Greenhouse gas emissions from the Hungarian
agricultural sector accounted for 1.9% of the European Union’s total emissions in 2019. The land-use rate is well
above the Western European average. Almost 60% of the country’s territory is under agricultural cultivation and the
most significant branch of cultivation is arable land, which accounts for almost four-fifths of the area. Agriculture
contributed 4.1% to the gross domestic product (GDP) in 2020 421,

In Hungary, the agricultural sector is the third largest carbon-emitting sector: in 2018, it contributed 17.5% to its total
emissions. This sector accounts for 81% of domestic nitrous oxide emissions (land use and fertilizers) and 37% of
methane emissions (animal husbandry). Greenhouse gas emissions are unequal by region due to different spatial and
production conditions. Emissions are above average in Central Transdanubia, the Southern Great Plain, and Western
Transdanubia, but the Northern Hungary region lags far behind the average. The largest regions of the Great Plain
stand out in agricultural production: at current basic prices, they account for almost half of the total output (46%), while
the Budapest and Pest regions together contribute 7.4% and Northern Hungary 7.6%. Based on the gross value
added per 1 hectare of agricultural area, agricultural productivity was highest in 2019 in the Northern and Southern
Great Plain and Western Transdanubia, while it was lowest in Northern Hungary and Budapest and Pest regions.
Regions with previously low values lagged even further behind, with regional disparities widening overall in terms of
productivity. In 2020, the volume of animal husbandry decreased by 1.3% and crop production by 3.3%. The total

volume was thus 2.2% lower than in 2019.

Overall, it can be stated that the agricultural sector is extremely important for Hungary, but we are talking about a very
sensitive sector exposed to climate change; therefore, the application of emission reduction and adaptation measures
is essential. The research aims to provide an insight into the relationship between CSA solutions, tools, and climate
change in Hungarian agribusiness, presenting smart tools and concepts emerging in business that are closely related
to the process of adaptation to and mitigation of climate change. Research can contribute to sustainable agriculture
and support a key economic policy such as increasing competitiveness, added value, and income-generating capacity

of agriculture and in strengthening the agribusiness digitalization.

https://encyclopedia.pub/entry/14469 3/15



Climate-Smart Agriculture of Hungarian Agribusiness | Encyclopedia.pub

| 2. Climate-Smart Agriculture (CSA) Tools

By CSA tools we mean a collective concept that includes all technologies, approaches, measures for mitigation and
adaptation, promoting the establishment of climate-friendly and climate-resilient agriculture. The number of smart
devices is on an ever-increasing trend due to innovation. The interpretation of CSA tools can be narrowed down to
different technological innovations or novel uses of already-existing technologies. These tools generally consider
traditional good agricultural practices and thus build on them to create innovations. Based on the survey, we identified
27 CSAtools appearing in the examined companies, which were classified into six groups. In the survey, 18 CSA tools
were listed, and the respondents were free to list other tools as well. The above list does not cover the whole CSA
tools, the primary consideration in delimiting the elements was mostly to present the diversity of the tools through
which we want to provide an insight into the diverse world of CSA technologies. Based on our research so far, the
following categories have been developed: (1) Robotization: primarily innovations related to crop production, such as
the use of automatic harvesters or robotic weed and pathogen control. (2) Bio innovation: using biological/chemical
technologies to help reduce GHG emissions from agriculture and adapt to climate change, such as plant breeding, the
development of new seeds, or the development of artificial meat. (3) Smart monitoring system: smart systems
continuously monitor and analyze, e.g., the behavior of farm animals, giving farmers a much more accurate picture of
the physical condition of their animals. (4) Big Data analyzes and identifies climate trends and makes a more accurate
forecast. (5) Precision agriculture: this can effectively make agriculture climate-intelligent by reducing its impact on the
environment. (6) loT (Internet of Things): microsensors that are smart technologies and can transmit various

measured data (e.g., soil moisture content) to other online devices.

Agricultural innovation can be classified in several ways. Further developing the areas of innovation often mentioned
in agriculture #8471 \we divided them into six categories: (1) responsible innovation, (2) technological innovation, (3)
social innovation, (4) organizational innovation, (5) green innovation, (6) management innovation. According to the
different types of innovation, in connection with the three basic dimensions of sustainability (environmental, social, and
economic pillars), we analyzed the CSA solutions used in the study area in a sustainability impact assessment matrix
(Table 1), which included those new or improved technologies, practices and processes that can have a real positive

impact on one or more dimensions of sustainability.

Table 1. The identified CSA tools from the perspective of sustainability.

Sustainability Type of Identified CSA Tools for - .
Dimensions  Innovation Mitigation Identified CSA Tools for Adaptation
Environmental Organic growing solution,

dimension agrotechnology deyelopment, Environmental sensors and data loggers,
Green smart fleet of vehicles, eco- . . .
. . . soil sensor, bird alert, soil performance
innovation aquaculture techniques,

. monitoring system, bio innovation tools
integrated manure treatment, gsy

smart composting

Technological Organic growing solution, Stock management system, drought
innovation robotization, smart fleet of monitoring system, optimising fertilizer
vehicles, integrated manure use, livestock activity meter and
treatment, integrated plant monitoring, environmental sensors and

https://encyclopedia.pub/entry/14469 4/15



Climate-Smart Agriculture of Hungarian Agribusiness | Encyclopedia.pub

Su_stalna_blllty Type 9f Identlfleq CSA LU Identified CSA Tools for Adaptation
Dimensions Innovation Mitigation
management, water-saving data loggers, soil sensor, bird alert, soil
smart irrigation systems, smart performance monitoring system, malware
composting, toxic gas level monitoring system, robotized weed
monitoring control, robotized pest control, automatic
pick-up machines, use of drones, bio
innovation tools, digital farm management
Social Orgapic growing solution, o _
. . robotization, smart fleet of Bio innovation tools
innovation :
vehicles
Organic growing solution,
Social agrotechnology deyelopment, -
dimension . .sm{.alrt fleet of veh|cles., solar . Drought monitoring system,
Responsible irrigation syste.m regulation, feed enylronmental §ensors and data quggrs,
inovation management, I|ntegrated manure soil sensor, soil performance momtorlng
treatment, integrated plant system, climate-smart livestock farming,
management, water-saving bio innovation tools
smart irrigation systems, smart
composting
Stock management system, weather
Management forecast-based activity management,
. . Feed management . . . .
innovation climate-smart livestock farming, digital
Economic farm management
dimension
Service Dr_ogght monitoring sy_stern, livestock
. . Agrotechnology development activity meter and monitoring, malware
innovation L the most.
monitoring system
LUSTU U UG SUSLAN IAHILY Goot ool G Ul LG IDUSHTITOO0S CHYAYLU 11 ayiivuitul cr asuviucs 1 uie swacu af€a, 1t can

be stated that the CSA tools used to support mitigation can strengthen the environmental and social pillar of
sustainability the most. The environmental dimension proved to be the strongest based on the evaluation. The
identified solutions can strengthen responsible innovation within the social pillar, which means predicting impacts at all
levels of agriculture 48, considering the wider impacts on society, delivering social benefits, addressing negative
impacts, and thus we can talk about a key innovation in terms of smart management. A low GHG economy can
contribute to social well-being. Viability is the key to sustainability, and this goal is supported by the vision of
decarbonization, yet, in our assessment, social innovation is the least supported leg. Based on the evaluation of the
tools supporting adaptation, it can be concluded that the applied CSA solutions can strengthen the environmental
pillar of sustainability the most, and economies of scale seem to prevail, such as the condition of precision agriculture
is the appropriate economic size.

During the evaluation, CSA tools supporting mitigation were first identified, as shown in Table 2a below, which lists all
the identified tools. During the evaluation, we used the evaluation criterion built along with the following system of
principles, during which the values “4”, “3”, “2”, “1” and “0” are displayed (Table 2c). The evaluation matrix thus formed
can be easily interpreted. Among the mitigation-oriented solutions, the prevalence of agrotechnology development,
integrated manure treatment and robotization can be highlighted as positive; however, the truly innovative solutions
such as a smart fleet of vehicles and the widespread use of solar energy were not typical. In general, the use of stock
management and drought monitoring systems, livestock activity monitoring systems were not typical of the study.
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Table 2. Evaluation of CSA tools in the examined companies: (a) the identified CSA tools supporting mitigation; (b) the

identified CSA tools supporting adaptation; (c) evaluation criterion.

a. The Identified CSA Tools Supporting Mitigation

Identified CSA Tools Mitigation
Organic growing solution 1
Agrotechnology development 3
Smart fleet of vehicles 2
Feed management 1
Integrated manure treatment 2
Eco-aquaculture techniques 1
Integrated plant management 3
Smart composting 1
Robotization 3

b. The identified CSA tools supporting adaptation

Identified CSA tools Adaptation
Stock management system 2
Drought monitoring system 2
Optimising fertilizer use 1
Livestock activity meter, monitoring 3
Environmental sensors and data loggers 3
Weather forecast-based activity management 4
Soil sensor 0
BirdAlert 0
Soil performance monitoring system 2
Climate-smart livestock farming 0
Smart walware monitoring system 2
Robotized weed control 0
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Robotized pest control 0
Automatic pick-up machines 0
Use of drones 3
Bioinnovation tools 0
Digital farm management 3

c. Evaluation criterion

1 Mentioned at once
2 Mentioned at 2-5 times
3 Mentioned at 6-9 times study. The
and Agri-
4 At least 10 mentions
. the tools
0 NR ning, and

increasing the number of organic farms is a key element in adapting to climate change. Weather forecast-based
activity management systems, environmental sensors and data loggers, and smart monitoring systems are among the
solutions supporting adaptation, reflecting the exposure and sensitivity challenges, of which the changing rainfall
distribution and water shortages caused by heatwaves are closely related to domestic agriculture’ sustainability
challenges. Evaluating the results, weather forecasting systems, digital farm management, the use of sensors and
drones, and animal activity measurement systems have emerged as highlights. The biggest shortcoming of CSA

solutions is in the field of sensors, robots, and bio innovation tools.

| 3. Discussion

The effects of climate change are most visible in economic processes that are closely linked to the environment, so
they have a significant impact on agriculture. Hungary faces several challenges due to changing climatic conditions so
adaptation to climate change can also be interpreted as one of the critical points of long-term sustainability. The
number of adaptation activities is on an increasing trend, with farmers taking steps to prevent the expected effects of
climate change, such as changing sowing times, precision farming and more efficient species, but it is important to
note that farms have different inputs, climate factors and soil characteristics, so it is necessary to apply adaptation

measures that differ between regions, considering local characteristics (111,

Innovation is associated with several stakeholders especially considering relevant business, but the public and a
community can be also innovating. During innovation, the company uses new technologies, builds a new organization,
produces a new product, and uses new sales channels. Agricultural innovation can be interpreted by extending it to
the whole of agriculture BIBABL Efficiency is of key importance not only from a sectoral but also from a social point
of view in the field, as agricultural innovations can effectively contribute to the implementation of sustainable
agriculture 22 which has increasing importance in the age of digital transition. The EU’s rural development program

for the programming period 2014-2020 also emphasized the role of innovation-related measures in improving the
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livability of rural areas. Society is also an important driver of innovation, such as agricultural production and agri-food.
Among the social factors, the qualifications of farmers and their openness to innovation are decisive. The European
Innovation Partnership for Agricultural Productivity and Sustainability (EIP-Agri) increases the productivity and
sustainability of agricultural and forestry sectors and help them to adapt to the expected effects of climate change. The
partnership is responsible for disseminating and transferring knowledge about innovation and agriculture, shaping
farmers’ attitudes, developing innovative approaches, and identifying innovative solutions that can help increase the

competitiveness of the agricultural economy in the European Union 231,

The UN forecasts that the world’s population will grow by a third by 2050, while Hungary’s population is expected to
decline. If the uphill trend in incomes and consumption continues, the FAO (Food and Agriculture Organization of the
United Nations) estimates that agricultural production will need to increase by 60% by 2050 to meet future food and
feed needs 24, Adapting to climate change and reducing emissions is essential in achieving food security and
agricultural development goals. Thus, agriculture must respond simultaneously to three challenges: (1) ensuring
productivity and food security, (2) adapting to climate change, and (3) reducing GHG emissions [B3I38I5758] The CSA
seeks to address these three challenges while integrating the three dimensions of sustainable development. The goal
of the CSA is to increase agricultural productivity and incomes in a sustainable manner, to develop adaptation and
resilience to climate change, and to reduce and/or eliminate GHG emissions B8 A CSA is not just a unique
technology or practice that is generally applicable, but an approach that requires site-specific research to develop
appropriate agricultural practice and technology.

CSA Country Profiles provide an overview of the agricultural challenges facing countries around the world and how
the CSA can help them reduce GHG emissions and adapt to climate change 2. Most of the profiles cover Latin
America, as well as parts of Africa and South Asia, while only one European country is included in the country profiles.
The World Bank also supports the concept of CSA and is committed to working with countries to achieve the CSA's
triple goal. In 2020, 52% of World Bank agricultural support was targeted at climate change adaptation and mitigation.
The World Bank supports CSA projects in many countries around the world, such as lower-emission agricultural
practices and institutions in China. In Uruguay, they are helping to make farms climate-friendly by investing in energy

efficiency and improving soil management capacity for sustainable agriculture 9,

With the support of international organizations, civil initiatives have also emerged, such as the Global Alliance for
Climate-Smart Agriculture helping to spread CSA by connecting stakeholders through an online platform. Global
Alliance for Climate-Smart Agriculture creates partnerships to encourage actions that reflect an integrated approach to
the three pillars of CSA. CSA Booster is a database to collect and share information on international cooperative
climate initiatives driven by non-state actors like businesses and cities. It has over fifty partners in the EU and a
partner for Global Alliance for Climate-Smart Agriculture initiatives, hosted by the FAO B4, Globally, there are many
projects and research in a support of CSA, but a review of the international literature clearly shows that so far only a
few published research has been produced in Europe 81, so the present study can be considered as filling a gap in
this respect. Agricultural practices and technologies are smart for the climate if they can deliver integrated benefits.
For example, reduced tillage practices can increase production by improving soil quality, support mitigation by

increasing carbon capture, and strengthen farmers’ resilience to climate shocks such as drought and floods [42[621[63],
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CSA needs to be examined from an integrated perspective, combining innovative technologies, production impacts,
insurance options and risk preferences. In line with the mitigation and adaptation objectives of climate change and the
EU’s green economy development and digitalization efforts, CSA solutions can also contribute to the implementation
of the Hungarian sustainable agricultural economy and rural development as a new area of agricultural innovations

and digitalization processes [64],

The research results underpin the importance of evidence-based local and regional assessments. Considering the
local and regional CSA evaluations those remains scarce, especially compared to the national level. According to the
policy side it is worth highlighting that the 2nd Hungarian National Climate Change Strategy (NCCS, 2017-2030) does
not deal with the topic of digitalization or climate-smart agriculture as a significant and effective tool. There is a lack of
CSA tools both in case of the National Decarbonization Strategy and the National Adaptation Strategy, which are two
main parts out of the three of the 2nd National Climate Change Strategy. It would be forward-looking to integrate this
aspect into the next review of the NCCS. The Digital Agriculture Strategy was born in 2019, which explains why these
aspects have not come to the fore, while the digital transition has also accelerated. We recommend that the Digital

Agriculture Strategy addresses the climate aspects.

In Hungary, in addition to the Digital Agricultural Academy, there are several possibilities for farmers to get acquainted
with digitalization and innovation. The Academy has a particularly important role to play, and further similar initiatives
and training diversification are needed to expand the knowledge of all workers in the sector. The Agricultural
Knowledge and Information System (AKIS) in Hungary focuses on agricultural advisory services. AKIS provides for
farmers relevant knowledge and networks in Agri-Innovations. The current Hungarian advisory and consultancy
system has 4 types: (1) national level free advisory services, financed by the EU and domestic resources, (2) Farm
Advisory System (FAS), (3) commercial consultancy, and (4) consultancy offered by input providers, private sector
actors. Agricultural advisory activity has a tradition in Hungary and 1100 advisors provide advisory services in
Hungary, and the Hungarian Chamber of Agriculture employs 610 village agronomists. The quality and methodology of
knowledge transfer have developed dynamically in recent years 5. Farmers can also apply for agricultural
postgraduate courses, e.g., agricultural digitization engineer, precision agricultural management specialist, precision
agricultural consultant. Agro Napl6 is a nationwide agricultural journal. It has been one of the most known media of
Hungarian agriculture since 1996. The journal describes innovative practical solutions based on domestic and
international research. It also monitors and publishes current events and application opportunities, and reports on
agricultural events (professional events, conferences, trade fairs). There is a wider range of knowledge transfer

possibilities in Hungary, but further digitization opportunities should be offered to farmers.
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