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Abstract: Sustainable agricultural solutions have emerged as feasible options for mitigating the neg-
ative environmental impacts created by agricultural production or adapting to inevitable climate 
change. Organic food production has become one of the most popular sustainable solutions among 
these. There is also a clear scientific consensus that transformative changes in agricultural systems 
and practice are needed as a response to the effects of climate change. A great variety of factors that 
influence the transition to organic farming have been found and identified over time. To understand 
the dynamics that lead farmers to move to organic farming, it is necessary to examine the relation-
ship between these factors. In this study, we investigated the impacts of certain factors on the pos-
sibility of Hungarian farmers’ conversion to organic production in the context of climate change 
adaptation. This dynamic was studied using descriptive and exploratory techniques on a cross-sec-
tional sample. While the study supported certain well-established facts, it also yielded some sur-
prising findings. One of our findings is that the transition to organic farming does not seem to be 
motivated by the perception of bad weather events, which is somewhat surprising. This outcome 
contradicts the frequently claimed idea that organic farming may be a successful adaptation strat-
egy. 
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1. Introduction 
Agriculture has always been about more than just food production. Over the centu-

ries, agricultural practices have shaped the environmental landscape, local communities, 
economies, and cultures [1,2]. Indeed, whereas in the past, the agricultural system was 
characterized by the presence of small farms that offered local and seasonal products 
while having a minimal impact on the territory in which they operated [3], in the last 
seventy years, agricultural food production has increasingly evolved from a local activity 
to a global industry, aimed at feeding increasingly large populations with globalized 
tastes in Europe and around the world [4]. 

In an increasingly urbanized and globalized world, increased competition has neces-
sitated the intensification of agricultural production, which primarily benefits larger en-
terprises, which often specialize in growing or breeding a small number of plant or animal 
varieties over large areas and have guaranteed access to markets around the world [5]. 
Furthermore, intensive farming makes food cheaper in relation to the size of the land, 
which helps feed the world’s growing population [6]. However, agricultural intensifica-
tion depends on the use of fertilizers, pesticides, and mechanical energy [7], which are 
major causes of increased GHG emissions [8], soil acidification, increases in reactive ni-
trogen over-supply, and biodiversity loss [9,10]. 

For these reasons, intensive agriculture is a major contributor to global climate 
change [11]. Indeed, Kotschi and Muller-Sämann claimed that agriculture was responsible 
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for 15% of global greenhouse gas emissions, accounting for one-quarter of carbon dioxide 
emissions, two-thirds of methane emissions, and nearly all nitrous oxide emissions [12]. 
From this perspective, intensive agriculture has become the biggest threat to the environ-
ment when it comes to global warming, also leading to the emergence of new pests and 
being responsible for much of the world’s deforestation [13]. 

Considering the high contribution of agriculture to greenhouse gas emissions, a re-
versal has become necessary and the implementation of sustainable agricultural innova-
tions has emerged as a viable alternative to mitigate the environmental impacts generated 
by agricultural production [14]. Ikerd [15] defines sustainable agriculture as “capable of 
maintaining its productivity and usefulness to society over the long run... it must be environmen-
tally sound, resource-conserving, economically viable and socially supportive, commercially com-
petitive, and environmentally sound” (p. 30). Keeping this in mind, sustainable agriculture 
and food systems must provide enough healthy food for everyone while minimizing dam-
age to the environment and giving farmers a good living. Eyhorn et al. [16] say that agri-
culture and food systems need to change quickly if we want to make progress toward the 
Sustainable Development Goals (SDGs) set by the United Nations for 2030 and care for 
the planet. The sustainable agriculture agenda includes many different options, such as 
agroecology, conservation agriculture and forestry practices, crop and forest species di-
versity, appropriate crop and forest rotations, integrated pest management, pollinator 
conservation, rainwater harvesting, range and pasture management, and precision agri-
culture systems [17]. Among these solutions, organic food production has become one of 
the most popular sustainable options [18,19]. Organic agriculture is unique in that it pro-
motes tight energy and short supply chains, resulting in a full system of agriculture based 
on ecological principles [20]. The potential of organic agriculture in mitigating climate 
change is mostly supported based on assumptions regarding the soil carbon sequestration 
potential of organic management [21,22]. Organic agriculture also offers a unique combi-
nation of environmentally friendly practices with low external inputs while contributing 
to food availability [23]. It refrains from using synthetic chemical fertilizers and pesticides, 
promotes crop rotations, and soil fertility is promoted [24]. The positive performance of 
organic agriculture as measured against a range of environmental indicators has been 
widely reported [25]. 

However, despite the benefits of organic practices in the agricultural sector being 
widely recognized, their adoption rate still remains very low, as many farmers are reluc-
tant to adopt this innovation [26]. To help organic farming grow, it is important to look at 
why farmers are or are not switching to organic farming and what the main reasons are 
for farmers to switch to organic farming. Hence, this study’s research question is: “What 
are the main reasons for farmers to switch to organic farming in the context of climate 
change adaptation?” In order to find an answer to the predetermined question, this study 
considers a sample of Hungarian farmers and develops multiple research hypotheses. We 
chose to carry out this study in Hungary because, despite the fact that the European “Farm 
to Fork” strategy aims to allocate at least 25% of each country’s agricultural area to organic 
production by 2030 [27], Hungary is still well below the established threshold, as, in the 
country, organic farming remains a niche market [28]. The willingness of farmers to es-
tablish organic farms is much lower than in Western European countries [29].The results 
of this study could have both theoretical and policy implications. From a theoretical per-
spective, understanding the factors influencing the adoption of organic farming would 
enrich current knowledge. In terms of policy, a clear picture of the factors that farmers use 
to decide whether or not to use organic practices could help policymakers come up with 
the right steps to take to encourage organic farming in the agricultural sector. 

The study is structured as follows. The theoretical framework presents the concepts 
that define the scope of this inquiry. The Materials and Methods section reviews the re-
search design, the context of data collection, and the details of of data analysis. The results 
come next, and then there is a section about how the results fit into a bigger picture of 
organic farming. 
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2. Theoretical Framework 
The fundamental activities of agriculture, such as ploughing and fossil fuel 

combustion, contribute to climate change. Globally, 17% of GHG emissions can be 
attrbuted to agricultural activities [30]. This is why ethical and sustainable agriculture—
farming practices that adhere to organic principles—is essential to our future. Therefore, 
we shed light on the theoretical considerations of three different angles. First, we briefly 
overview the most fundamental aspects of organic farming research. We then explore the 
link between organic farming and climate change adaptation from the perspective of 
farmers’ decision-making. Based on these insights, we formulate our research questions 
and hypotheses. 

2.1. Aspects of Organic Agriculture 
Discussions on the benefits and costs of organic farming represent a key subfield in 

the literature [31]. Among these, yield and yield stability are the most widely discussed 
themes. Synthetized reviews of studies comparing the yields of conventional and organic 
farming suggest an average of 8% to 25% lower yields in organic systems [32–34]. How-
ever, under adverse circumstances such as severe droughts, organic management has 
been shown to produce higher yields than can be explained by the higher water-holding 
capacity of organically farmed soils [35]. The greater resilience of organic farming can be 
associated with the positive experience of diversity in crop rotations. However, pest out-
breaks, weed pressure, and variable nitrogen supply may cause a counter-effect on yield 
stability [31]. Biodiversity is another frequently measured dimension when assessing the 
benefits of organic farming. In the review of Bengtsson et al. [36], results suggest that or-
ganic land management is often beneficial for the biodiversity of wildlife on farms and 
landscapes. As one of the most common criticisms of conventional agriculture is that it 
contributes to soil degradation and soil erosion, soil health has become a key element of 
organic management. There is empirical evidence confirming that organically managed 
soils are less vulnerable to erosion and have more organic content due to organic matter 
inputs [37]. These favorable conditions lead to improving fertility parameters. Results of 
a meta-analysis claim that organic farming is more profitable than conventional farming 
due to the premium prices of organic products [38]. This clearly positive impact on organic 
farmers’ livelihoods can be further strengthened with mixed farming systems [31]. Men-
tioning premium prices for organic agriculture points to the recent trends indicating that 
the demand for organic products has been continuously growing, making it one of the 
fastest growing food sectors both in North America and Europe [39]. Both organic farming 
and organic markets are two of the most regulated sectors in farming and in retail sales. 
Organic regulations strictly codify principles and practices, directing farmers on what 
rules to follow when producing organically [32]. In most countries, organic products can 
only be sold under legally-defined labelling schemes that inform consumers [40]. Organic 
management can be an ideal strategy for agricultural production to strengthen climate 
change mitigation efforts. Reganold and Wachter [41] claim that significantly lower en-
ergy consumption and higher soil organic matter are key factors to consider when looking 
for arguments in favor of organic conversion. Seufert and Ramankutty [31] and Gattinger 
[42]) looked at case studies to find that GHG emissions are lower per unit area in organic 
management. However, when they looked at emissions per unit of output, the results 
were very different. 

2.2. Factors Associated with Climate Change Adaptation and the Adoption of Organic Farming 
This section reviews the factors that have been shown to influence adaptation deci-

sions. There is also a clearly articulated scientific consensus that there is a need for trans-
formative changes in agricultural systems as responses to climate change impacts [43]. 
Due to the scientific recognition that climate change adaptation in agriculture systems is 
an urgent need, research in agricultural climate change adaptation has been a pivotal field 
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of inquiry in multiple disciplines [44]. A large part of this discourse has been devoted to 
understanding farmers’ adaptive behavior. Farmers are the sole agents turning policies, 
measures, incentives, and no less importantly, their perceptions into actual practices on 
the ground. Studies on farmers’ adaptive behavior have tried to figure out what factors 
affect farmers’ decisions about how to deal with climate change [45]. 

For quite a long time, the dominant and influential view has been that farmers show 
rationally expected, optimization-led, and profit-maximizing behavior [46]. This canoni-
cal theory has been exposed to a large amount of empirical evidence, resulting in a psy-
chologically more realistic interpretation of economic behavior [47,48]. The current con-
sensus in that sense, has been formed on results suggesting that individuals’ ability to 
adapt to climate change is dependent on their perception of climate hazards as well as 
their values and objectives [49]. The most important thing to take away from these results 
is that values, cognitive biases, mental shortcuts, emotions, social experiences, social rela-
tionships, norms, peer validation, learning, and other contextual factors [50–52] have a big 
impact on how people make decisions when there is risk or uncertainty. 

Vulturius et al. [53] identified two subfields of climate change adaptation research. 
In the structural approach, the success of adaptation largely depends on individuals’ ac-
cess to resources and skills. Among these, objective factors associated with adaptation, 
education, knowledge, cultural preferences, technology use, and economic constraint 
have been discussed and studied [49]. The other approach is based on the argument that 
draws attention to other factors that have explanatory power for individuals’ adaptive 
actions. Regarding cognitive, affective, and behavioral factors, they are often called sub-
jective factors in the literature. Multiple subjective factors have been identified as a result 
of studies from diverse disciplines over the last decades. Grothmann and Patt [54] pro-
posed an analytical model that addresses two key cognitive processes of climate change 
adaptation. Climate change risk appraisal is the result of the perceived probability and 
severity of any climate change related threat. Perceived adaptive capacity refers to beliefs 
in adaptation actions. Risk appraisal and perceived adaptive capacity are positively cor-
related with adaptation intention. Individual adaptation has been shown to be influenced 
by whether or not a person believes in climate change [55–59]. These results suggest that 
believing that climate change is occurring has a positive impact on adaptation attitude. 
Other studies have drawn attention to the importance of climate change communication, 
including climate change science, implying that adaptation intentions and actions are af-
fected by how effectively scientific facts are communicated towards a wider audience [60–
62]. Adaptive decision making is informed by the temporal perspective of climate change 
risk [63]. Studies on proximizing climate change focus on the extent of the impact of psy-
chological distance on individuals’ engagement with climate change issues. Brugger et al. 
[64] suggest that temporal and spatial proximal consequences can trigger positive and 
negative responses but can cause no visible actions in individuals’ decision making. Ex-
treme events experienced on own assets, such as land or yield, have been shown to have 
an impact on farmers’ adaptive decisions. The more serious these events are, the more 
likely it is that people will change their behavior to avoid harm in the future. 

The other subject area covered by this study is organic farming. Conversion to or-
ganic farming is a complex practice and can be influenced by a variety of socio-demo-
graphic, psycho-attitudinal, and contextual factors [65]. Among the socio-demographic 
characteristics of the farmer, variables such as age and gender are among the most inves-
tigated. However, the literature shows mixed results, so it is still quite problematic to un-
derstand the real impact of these personal characteristics on the adoption process of or-
ganic farming [66]. Indeed, regarding age, some studies have shown that younger farmers 
are more interested and ready to convert to organic farming, as they have more open 
minds than older farmers [67,68], who are generally less educated [69,70] and more risk-
averse [71,72]. In contrast, other studies have shown that older farmers are more likely to 
convert because they are characterized as having more experience in the field, which en-
ables them to change [69,73]. Similarly, considering the gender variable, some research 
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has revealed that being female increases the likelihood of adopting organic farming com-
pared to the male gender because women are more predisposed to collaboration with the 
farm team [74] and, at the same time, they show more concern about the health effects of 
synthetic chemical pesticides [75]. On the other hand, Thorsøe et al. [76] found that men 
are more supportive of adopting sustainable innovation because they are more self-confi-
dent. 

Another important socio-demographic variable is education. In fact, most studies on 
the topic show that as years of education increase, the likelihood that the farmer will de-
cide to convert to organic farming also increases [77,78]. This is likely because farmers 
with more education have the tools they need to understand and carry out the change 
[77]. 

Finally, income is also a key component. Pradhan et al. [79] say that when the econ-
omy is more stable, farmers are more likely to take care of more farmland and buy new 
tools and supplies for organic farming. Consequently, if farmers have extra income from 
off-farm sources, participation in organic farming is more likely to increase [80], as farm-
ers are more confident that they can cope with hypothetical economic contingencies. In 
the same way, if more family members help out on the farm, the farmer will be more likely 
to change, since he or she does not have to pay for extra workers [81]. 

Delving into psycho-attitudinal factors, variables such as attitude, perception of the 
importance of organic farming, social norms, and risk perception deserve special atten-
tion. In more detail, the inherent literature has shown that, generally, the likelihood of 
converting to organic farming increases when farmers take a positive attitude towards the 
management of organic practices, towards the environment or health, or towards social 
influences [82,83]. Similarly, perception is also a determinant of adoption [84]. If farmers 
perceive that organic farming is easily applicable on their farm and results in increased 
income, then they are more likely to want to convert [85]. Conversely, more risk-averse 
farmers will be less willing to bear the risk of a situation that includes higher input costs, 
fluctuating market prices, and market demand [86]. In addition, it is possible that farmers 
feel the need to protect their family’s health and worry about society’s judgement regard-
ing their farm management. In this way, social norms can also affect how farmers act when 
it comes to organic farming [86]. 

Finally, conversion to organic farming is influenced by contextual factors. Among 
other things, these include farm size and characteristics, membership in agricultural asso-
ciations, and the possibility of technical and economic support. Some studies highlight 
that larger farms are more difficult to manage, resulting in farmers’ having less motivation 
to initiate conversion [71,79]. Therefore, organic farming is more likely to be adopted on 
small family-run farms [87]. In contrast, other studies have argued that large farms are 
more likely to adopt organic production because they are more involved in obtaining fi-
nancial subsidies [88] and technical support [72]. For similar reasons, the literature shows 
that farms that are part of an agricultural association are more likely to adopt organic 
farming. This could be because farmers can easily get information and solve problems 
related to group certification and group marketing when they work in groups and share 
information with other organic farmers [81]. 

All of the above factors affect each other and the farmer’s decision-making process. 
To understand the dynamics that lead farmers to switch to organic farming, it is important 
to look at each of these factors and how they affect each other [89]. 

2.3. Research Questions and Hypothesis 
The central topic of the study is: what are the primary reasons for farmers to transi-

tion to organic production? In order to properly address this question, five hypotheses 
were formulated and tested. The greening measure was a significant novelty of the Com-
mon Agricultural Policy in the 2015–2020 programming period. The overall objective of 
this new payment structure is to support agricultural practices that are beneficial to the 
climate and the environment. The objective was to be achieved by arable crop 
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diversification, and maintenance of permanent grassland ecological focus areas as a man-
datory component within the framework of direct payments [90]. The introduction of the 
measure has been surrounded by political debates, with the EU in particular accused of 
keeping Pillar 1 payments alive and failing to efficiently integrate environmental objec-
tives into agricultural policies [91–95]. By now, a number of impact studies have assessed 
the actual effect of greening measures from various perspectives [96]. In this discourse, 
organic farming is usually mentioned in the contexts of eligibility and exemptions because 
certified farms are ipso facto entitled to greening payments with an exception to the obli-
gations [97]. This legal recognition is a strong political signal from EU policymakers [98], 
on the one hand, but it may also result in greening measures that have not been expected 
to contribute to organic farming conversion [99], or have not been seen as an effective 
incentive to promote sustainability transition [100]. It is therefore worth looking at 
whether there is a relationship between greening and the adoption of organic farming 
through the following hypotheses: (H1) Greening support positively influences organic 
production. 

The comparisons between conventional and organic farming have been a prominent 
topic in the discourse on sustainability transition in agriculture [11]. Globally, intensive 
agriculture has been practiced for many years and is now a fundamental way of life. In-
tensive agriculture increases the quantities of hazardous chemicals in our water and 
greenhouse gas emissions in the atmosphere. The world’s woods and woodlands have 
decreased by around two percent as a result of intensive agriculture. Intensive agricultural 
land use restricts gene flow and fragments habitats. Where insecticides are routinely em-
ployed, local extinctions are commonplace [101]. These comparisons often highlight lower 
yields produced by organic farms, but emphasize that they provide more profit, more 
environmental benefits, more nutritious food. Another perspective, often applied in these 
comparisons, looks at the barriers that hinder the adoption of organic farming. Inequali-
ties around the distribution of public and private fundings, access to infrastructures and 
knowledge on the one hand and the insufficiencies of legal and financial instruments on 
the other hand are the main drivers keeping the conventional intensive agro-industrial 
model in current food systems at the expense of widespread conversion to organic farm-
ing [41]. This finding leads us to the second hypothesis to assess in this study: (H2) Intense 
agriculture hinders organic production 

Climate change is expected to result in severe impacts on food production worldwide 
[102], due to high temperatures and reduced water availability, which lead to reduced 
crop yields. In addition, climate-induced changes in the population dynamics and inva-
siveness of insect pests, pathogens, and weeds could exacerbate these effects [103]. The 
potential influence of climate change on future crop productivity is a serious social con-
cern. Present forecast results for the twenty-first century indicate significantly more neg-
ative yield responses for maize, soybean, and rice than the original models. While esti-
mates of future yields remain unknown, these findings show that important breadbasket 
regions will confront unique anthropogenic climatic hazards sooner than anticipated 
[104]. As such, adaptation is considered a key factor that should shape the future severity 
of climate change impacts on food production [105]. The greatest benefits are likely to 
come from more radical agro-ecological measures that strengthen the resilience of farmers 
and rural communities [106]. Among these, the development of organic practices could 
be a solution, as organic is now a concrete response with respect to mitigation and adap-
tation policies [21]. In fact, organic agriculture includes, in addition to the reduction of the 
use of synthetic chemicals, the diversification of agroecosystems and the general enhance-
ment of agrobiodiversity. When compared to the industrial agricultural model, organic 
agriculture that is based on the improvement of soil fertility and biological diversity 
within the farm and that bases its innovative capacity on personal experience, the ability 
of observation and intuition, and traditional knowledge has greater resilience to water 
scarcity, pathogen impact, and the presence of extreme weather events such as drought 
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and floods [107]. The following hypothesis is derived: (H3) The negative economic effects 
of climate change have an impact on becoming an organic producer. 

The literature suggests that the likelihood of adopting sustainable innovations to mit-
igate climate change is supported by increased awareness of the importance of imple-
menting sustainable practices and solid guidance on how to make the change [108]. With 
this in mind, lack of information can be a barrier to converting to organic agriculture, es-
pecially as farmers feel insecure about what rules might be imposed on them in the near 
future [109]. In fact, some authors have recognized that simple knowledge transfer is gen-
erally insufficient to achieve sustainable behavioral changes [110]. Farmers need infor-
mation that they feel is reliable and that they can rely on [111]. Studies of the adoption of 
innovations related to organic or generally sustainable agriculture [112] have found that 
climate change information must be made relevant to local contexts in order for farmers 
to find it useful in guiding the implementation of sustainable practices [113,114]. Addi-
tionally, Schattman et al. [115] emphasize the importance of considering farmers’ perspec-
tives and explain that personal experiences with climate-related events decrease risk per-
ception and help determine adaptation actions among farmers. Again, Arbuckle et al. 
[116] found that farmers who are informed about the behaviors that lead to climate change 
are more susceptible to adaptation and mitigation actions than farmers who do not accept 
the human cause of climate change. Furthermore, the advancement of information and 
communication technologies has resulted in major changes in farmers’ knowledge and 
information consumption patterns. These technologies have the potential to motivate and 
drive farmers’ innovation activities, including adaptation actions [117,118]. Based on these 
factors, the following hypothesis has been formulated: (H4) The information sources of 
climate change practices have an influence on becoming an organic producer. 

Several studies have concluded that organic farming can be an effective adaptation 
strategy in the face of increasing climate change [21,119]. Considering that more care is 
typically taken to increase soil organic matter and conserve biodiversity, and produce less 
water pollution, organic farming may have a significant role to play in increasing the re-
silience of agriculture [31,120]. This evidence suggests that the dynamics of the transition 
towards organic farming may be also associated and driven by the need to use more ad-
aptation practices. This line of thought contradicts existing literature evidence, but it may 
be worth investigating further because the inevitable need for adaptation may eventually 
lead farmers to transition to organic farming. Based on these factors, the following hy-
pothesis has been formulated: (H5) More adaptation practices have an influence on the 
willingness to convert to organic farming. 

3. Materials and Methods 
3.1. Framework for Sampling 

Our study aims to demonstrate how local agricultural commodity producers are re-
sponding to climate change in the context of conversion to organic farming. We used 
Woods and colleagues’ [121] approach in our study, adapting it to the scope of our re-
search and the domestic environment. We employed a four-element analytical framework 
to investigate the subject of agricultural adaptation, and then included components of that 
framework into the model we created to describe farmers’ adaptation behavior. The fol-
lowing points of analysis are included in the analytical framework: 
• Belief in the effects of climate change. According to relevant research, the more one 

believes in the theory of climate change, the more likely one is to adjust one’s own 
activities to the projected consequences. 

• Producers’ perceptions of climate change impacts the extent to which they are af-
fected by it. According to the decision theory literature on climate change, the pro-
ducer’s perception of change is the most crucial element determining adaptation, 
aside from belief. We also addressed questions about perceptions in relation to 
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producer actions. We wanted to find out how changes in the weather affect farmers’ 
profits, crop quality, crop yields, and investment decisions. 

• The ways in which producers adjust. Farmers are constantly under pressure to 
change due to the nature of their business. One of the study’s main goals was to find 
out what steps farmers have taken or plan to take to make their operations more cli-
mate resilient. The list of possible answers to the questionnaire was made on the basis 
of professional conversations and interviews with experts, with the idea that re-
spondents could come from many different fields. 

• Adaptation impediments. According to the literature review, there are a variety of 
reasons why a producer may be unable to adopt the adaptation approach that he or 
she believes is necessary, in addition to weed difficulties. Our survey found barriers 
to economic capital, knowledge and skills, tendering prospects, the regulatory envi-
ronment, technology, labor, and lack of cooperation were all addressed in our survey. 

The study was based on the Hungarian records of Farm Accounting Data Network 
(FADN). Face-to-face data collection consisted of survey administrators asking questions 
and recording responses in person on a paper-based questionnaire. Later, paper-based 
responses were entered via an online interface, resulting in a standardized database of 
responses. It was the responsibility of domestic FADN partners’ survey administrators to 
collect data from farms selected to participate in regular and thematic FADN surveys. The 
Hungarian component of the Farm Accounting Data Network (FADN) is up-to-date and 
compliant. The network has the accrual accounts of 1900 Hungarian holdings, which is a 
representative sample of 106 thousand agricultural holdings (including individual and 
commercial partnerships) with an STE of over 4000. 

3.2. Data Collection 
The study was built around a questionnaire survey of a domestic sample of farms 

that was part of the Hungarian component of the Farm Accounting Data Network 
(FADN). The questionnaire, which was used to collect data, was made available to the 
FADN network’s seven accountancy offices for farmers to fill out both online and on pa-
per. Therefore, staff members of FADN partners worked as survey administrators. The 
survey sample was not chosen using probability purposive or expert sampling ap-
proaches. According to Etikan [122], the researcher makes a conscious judgement about 
the participant’s selection based on the participant’s attributes in this approach. As a re-
sult, the researcher determines which traits qualify potential volunteers for participation 
in the study. However, the individuals’ availability and willingness to participate are also 
important elements. The accountancy firms in the national FADN network were required 
to fill out a predetermined number of questionnaires for this study. At the end of the sur-
vey, the total number of completed items had to exceed 300. For the selection of partici-
pants, the accountancy firms were not provided with any pre-defined criteria. The only 
guiding assumption was that producers must be willing to fill out the survey. The data 
was collected between September and December 2017. 

3.3. Applied Methods 
To analyze the combined effects of the hypothesized factors, we applied multivariate 

regression using data from our cross-sectional sample. Cross-sectional studies are obser-
vational research projects that look at data from a population at a particular point in time. 
Cross-sectional studies do not follow subjects over time, in contrast to other kinds of ob-
servational research. They are often simple and inexpensive to perform. When preparing 
for future advanced research, they are helpful for producing preliminary evidence [123]. 
A two-sample t-test was used to compare the means. This method was necessary in two 
cases: (1) to determine whether farmers perceive the impact of climate change on the 
weather or on their farm business position to be greater, and (2) to find out whether they 
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use positive or negative information sources more often when identifying adaptation 
tools. 

3.4. Descriptive Statistics 
First of all, we need to know the characteristics of our sample and the variables in 

our models. This is summarized in Table 1. 

Table 1. Descriptive statistics. 

Variable Obs. Mean Std. Dev. Min Max 
Becoming bio producer 1 300 1.08 0.433 1 4 

Greening support (log of greening support, 1000 HUF) 287 7.16 1.34 3.63 11.54 
Intensity of production (log of NPK fertilizer kg/ha) 260 4.72 0.80 1.65 8.14 

Negative WEATHER effects of climate change      
Weather became more volatile 2 300 3.35 1.31 1 5 
Average temperature has risen 2 300 3.37 1.27 1 5 
Annual rainfall has decreased 2 300 3.55 0.97 1 5 

Negative ECONOMIC effects of climate change      
Reduced profitability of my farm 2 300 2.93 0.89 1 5 
Quality deterioration of my crops 2 300 2.68 0.85 1 5 

Yields decrease on my farm 2 300 2.86 0.94 1 5 
Level of investment has decreased 2 300 2.79 1.35 1 5 

AVERAGE negative weather effects of climate change 2 300 3.42 0.89 1.33 5 
AVERAGE negative economic effects of climate change 2 300 2.82 0.75 1 5 

POSITIVE information sources      
Professional journals 3 300 0.64 0.48 0 1 

Professional organizations 3 300 0.17 0.38 0 1 
National Agricultural Chamber 3 300 0.41 0.49 0 1 

Other farmers 3 300 0.66 0.48 0 1 
Independent Consultant 3 300 0.27 0.45 0 1 

Exhibition/fair 3 300 0.37 0.48 0 1 
Educational institution 3 300 0.05 0.23 0 1 

NEGATIVE information sources      
Internet 3 300 0.67 0.47 0 1 

Radio, TV, media 3 300 0.59 0.49 0 1 
Input supplier/Integrator 3 300 0.27 0.44 0 1 

Professional training 3 300 0.42 0.49 0 1 
Average POSITIVE information sources 3 300 0.368 0.185 0 1 

Average NEGATIVE information sources 3 300 0.485 0.246 0 1 
1 1 = not bio at all, 2 = changing to bio in progress, 3 = besides traditional bio also, 4 = exclusively bio; 
2 1 = fully disagree , 5 = fully agree; 3 0 = No, 1 = Yes. 

4. Results 
Table 2 presents the results of three regression models. In all cases, our dependent 

variable was the degree of transition from conventional to organic production, measured 
on a scale of 1–4. Thirteen farmers who did not receive greening support were not in-
cluded in our analysis. In the first model, each source of information that farmers use to 
learn about how to adapt was still looked at separately. In the second model, only those 
information sources that were found to be significant in the first model were retained. 
Finally, in the third model, the negative and positive sources from the first model were 
averaged and these two variables were included in the model. Our aim with this multi-
faceted approach was to demonstrate the robustness of our theoretical considerations. As 
can be seen, we have been successful in this endeavor. 
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Table 2. Multivariate regression results. 

 (1) (2) (3) 
Greening support 0.0469 *** 0.0437 *** 0.0491 *** 

 (2.67) (2.77) (3.01) 
Intensity of production −0.111 *** −0.108 *** −0.104 *** 

 (−4.49) (−4.64) (−4.46) 
Negative effects of climate change—weather 0.0138 0.0171 0.0253 

 (0.59) (0.76) (1.12) 
Negative effects of climate change—economy −0.0696 ** −0.0730 *** −0.0665 ** 

 (−2.43) (−2.63) (−2.36) 
Number of applied adaptation practices −0.0128 *** −0.00873 ** −0.0130 *** 

 (−2.76) (−2.21) (−3.10) 
Professional journals 0.0122   

 (0.33)   
Internet −0.00913   

 (−0.24)   
Radio, TV, media −0.115 *** −0.0979 ***  

 (−3.06) (−2.77)  
Professional organizations 0.0337   

 (0.65)   
National Agricultural Chamber 0.0163   

 (0.46)   
Independent consultant 0.0202   

 (0.49)   
Exhibition, fair 0.0348   

 (0.98)   
Educational institute 0.165** 0.163 **  

 (2.23) (2.33)  
Other farmers 0.0338   

 (0.87)   
Input supplier/Integrator −0.0350   

 (−0.86)   
Professional training −0.0559   

 (−1.38)   
Average POSITIVE information sources   0.207 ** 

   (2.20) 
Average NEGATIVE information sources   −0.196 *** 

   (−2.72) 
_cons 1.507 *** 1.490 *** 1.393 *** 

 (8.41) (8.63) (8.15) 
N 203 203 203 
R2 0.257 0.230 0.212 

adj. R2 0.193 0.202 0.184 
t statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.010. 

Table 3 presents the results of the two-sample t-test. The purpose of this is to high-
light the fact that there is a significant difference in farmers’ perceptions of the negative 
impacts of climate change, depending on whether they are weather or business impacts. 
There is also a significant difference in the frequency of use of positive and negative in-
formation sources. 
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Table 3. Comparison of two means. 

 obs. dif. 1 p Value 
Negative weather effects-Negative economic 

effects 300 0.598 0.000 

Positive info sources-Negative info sources 300 −0.117 0.000 
1 Measured on 5 point Likert scale. 

5. Discussion 
The results of this study enrich knowledge about the dynamics that drive farmers to 

make a conversion to organic farming. Moreover, when compared with other papers on 
the topic, they support some findings already known in the literature. For example, as in 
this research in which greening support was found to positively influence organic pro-
duction, Bertoni et al. [96] and Bertoni et al. [97] in their studies also came to similar con-
clusions. The greening measure aims to support agricultural practices that are beneficial 
to the climate and environment. It follows that organic farming is perfectly compatible 
with greening measures, and these could be a valuable incentive to promote the transition 
to sustainability. 

Similarly, this study found that intensive agriculture hinders organic production. 
Part of the existing literature on the topic confirms the result of our hypothesis [41,124]. 
In fact, while intensive agriculture increases production quantities with the help of syn-
thetic chemicals that, however, cause serious damage to the environment, organic agri-
culture bans these synthetic products and as a result, there will be lower yields produced 
(but more environmental benefits and healthier food). The comparison between the two 
situations goes against widespread conversion to organic farming [41]. 

Again, regarding the third hypothesis of this study, it was found that an increase in 
undesirable effects of climate change corresponds to a decrease in the likelihood of con-
verting to organic. In contrast to the first two hypotheses that mostly go in agreement with 
the existing literature, this result is surprising. In fact, in general, the literature points out 
that organic practices should be a solution to climate change [21]. In fact, among other 
things, organic farming involves diversifying agroecosystems, improving soil fertility, 
and generally enhancing agrobiodiversity. These three conditions should make farmers 
more resilient to water shortages, pathogens, droughts, and floods, which will help them 
deal with the effects of climate change [107]. However, the fact that negative effects of 
climate change do not seem to make farmers more likely to adopt organic farming prac-
tices is likely because farmers still perceive the cost of transition is higher than the yield 
and revenue losses caused by climate change. 

Our fourth hypothesis on information sources showed that there are several sources 
that have positive impacts and others that have negative impacts on conversion to organic 
farming. In particular, it was found that the most effective sources in facilitating organic 
transition were those from educational institutes. Having clear and accurate information 
from experts in the field can be valuable support, especially for those farmers who feel 
insecure about implementing an innovation [109,111]. Indeed, some authors have recog-
nized that mere knowledge transfer is generally insufficient to achieve sustainable behav-
ioral changes [110]. This may be why information from Radio, TV, and media has nega-
tively influenced conversion to organic. Farmers need reassurance from figures they feel 
are competent and authoritative. 

Lastly, the fifth hypothesis was formulated to test whether the number of adaptation 
practices had any impact on conversion to organic farming. This reverse thinking had 
never been documented in the literature, so it was intriguing to investigate the potential 
of this dynamic, because it might be possible that at some point in the future, farmers will 
be under so much pressure to adapt to climate change that this dynamic will culminate in 
a transition to organic production. The evidence resulting from this study did confirm this 
line of thinking partially. The model results show a connection between the adoption of 
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adaption practices and the likelihood of converting to organic farming. The results, how-
ever, indicate a negative connection, so this reversed thinking did not lead to a new per-
spective on the well-studied link between organic farming and adaptation potential to 
climate change. Further research into this dynamic and understanding whether more ad-
aptation practices may eventually lead to the transition to organic production can be a 
subject of future research. 

6. Conclusions 
Sustainable agricultural solutions have emerged as feasible options for mitigating the 

environmental impacts created by agricultural production or adapting to inevitable cli-
mate change. Organic food production has become one of the most popular sustainable 
solutions among these. The transition from conventional to organic farming has long been 
the focus of research from multiple disciplines. Numerous socio-demographic, psycho-
attitudinal, and contextual elements have been identified as affecting and driving this 
transformation as a result of this extensive research. Climate change and the unavoidable 
necessity for producers to adapt will influence the conditions of the transition inevitably. 
The results of this study show that even though there has been a lot written about organic 
agriculture, it is still possible to find new evidence by looking at the context from a differ-
ent perspective. The theoretical implication of this study is that it contributes with new 
research evidence to this diverse discourse. In this study, we investigated the impacts of 
certain factors on Hungarian farmers’ conversion to organic production in the context of 
climate change adaptation. One of the findings of this study that stands out is that organic 
farming did not seem to be motivated by the perception of bad weather events. Given that 
organic farming is considered an established adaptive technique, this appears unex-
pected. This association was also not supported from another angle: in our sample, farm-
ers who had previously implemented a large number of adaptation practices did not ap-
pear to be more likely to transition to organic produce. These results highlight the practi-
cal implications of this study. The weight of European organic production is expected to 
change significantly in the short term. As part of the Green Deal adopted by the EU Com-
mission, the Farm to Fork strategy sets clear objectives regarding the share of organic pro-
duction in EU agriculture. The target is that 25% of the EU’s agricultural land should be 
under organic farming by 2030. Studies on the relationships between organic agriculture 
and climate change adaptation can undoubtedly help with the transition towards more 
organic production, given that some sort of adaptation in agricultural production is una-
voidable due to climate change impacts. 

Author Contributions: Conceptualization, G.K., R.G., and J.T.; Methodology, J.T.; Formal Analysis, 
J.T.; Writing—Original Draft Preparation, G.K., R.G., and J.T. All authors have read and agreed to 
the published version of the manuscript. 

Funding: Research was supported by the Hungarian National Research, Development and Innova-
tion Office, Grant No. 120563, “Innovation resilience in food production and consumption”. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: Not applicable. 

Acknowledgments: The data collection was done as part of a project called the National Adaptation 
Geo-information System (KEHOP-1.1.0-15-2016-00007). Data collection was carried out by the Insti-
tute of Agricultural Economics, which holds data owner responsibilities accordingly. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Limitations: The sampling method is where the limitation of this study is rooted. Although using 
the Hungarian FADN sample guaranteed that professional farmers were involved in data collection, 
no systematic sampling procedure was followed in choosing the subsample to guarantee represent-
ativeness. As a result of that, we were unable to deliver findings that can be generalized to the entire 
farming population. 



Agronomy 2022, 12, 2435 13 of 17 
 

 

References 
1. Haney, W.G.; Field, D.R. Agriculture, Natural Resources, and the Environment. In Agriculture and Natural Resources; Haney, 

W.G., Field, D.R., Eds.; Routledge: London, UK, 2019. https://doi.org/10.4324/9780429042294. 
2. Babai, D.; Tóth, A.; Szentirmai, I.; Biró, M.; Máté, A.; Demeter, L.; Szépligeti, M.; Varga, A.; Molnár, Á.; Kun, R.; Molnár, Z. Do 

Conservation and Agri-Environmental Regulations Effectively Support Traditional Small-Scale Farming in East-Central 
European Cultural Landscapes? Biodivers. Conserv. 2015, 24, 3305–3327. https://doi.org/10.1007/s10531-015-0971-z. 

3. Jones, P.; Comfort, D.; Hillier, D. A Case Study of Local Food and Its Routes to Market in the UK. Br. Food J. 2004, 106, 328–335. 
https://doi.org/10.1108/00070700410529582. 

4. Bais-Moleman, A.L.; Schulp, C.J.E.; Verburg, P.H. Assessing the Environmental Impacts of Production- and Consumption-Side 
Measures in Sustainable Agriculture Intensification in the European Union. Geoderma 2019, 338, 555–567. 
https://doi.org/10.1016/j.geoderma.2018.11.042. 

5. Pretty, J.; Benton, T.G.; Bharucha, Z.P.; Dicks, L.V.; Flora, C.B.; Godfray, H.C.J.; Goulson, D.; Hartley, S.; Lampkin, N.; Morris, 
C.; et al. Global Assessment of Agricultural System Redesign for Sustainable Intensification. Nat. Sustain. 2018, 1, 441–446. 
https://doi.org/10.1038/s41893-018-0114-0. 

6. Angus, A.; Burgess, P.J.; Morris, J.; Lingard, J. Agriculture and Land Use: Demand for and Supply of Agricultural Commodities, 
Characteristics of the Farming and Food Industries, and Implications for Land Use in the UK. Land Use Policy 2009, 26, S230–
S242. https://doi.org/10.1016/j.landusepol.2009.09.020. 

7. Erb, K.-H.; Simone, G.; Fridolin, K.; Helmut, H. Industrialization, Fossil Fuels, and the Transformation of Land Use. J. Ind. Ecol. 
2008, 12, 686–703. 

8. Eurostat. Greenhouse Gas Emissions by Source Sector; Eurostat: Luxembourg City, Luxembourg, 2019. 
9. Muller, A.; Schader, C.; El-Hage Scialabba, N.; Brüggemann, J.; Isensee, A.; Erb, K.H.; Smith, P.; Klocke, P.; Leiber, F.; Stolze, 

M.; et al. Strategies for Feeding the World More Sustainably with Organic Agriculture. Nat. Commun. 2017, 8, 1–13. 
https://doi.org/10.1038/s41467-017-01410-w. 

10. Kleijn, D.; Kohler, F.; Báldi, A.; Batáry, P.; Concepción, E.; Clough, Y.; Díaz, M.; Gabriel, D.; Holzschuh, A.; Knop, E.; et al. On 
the Relationship between Farmland Biodiversity and Land-Use Intensity in Europe. Proc. R. Soc. B Biol. Sci. 2009, 276, 903–909. 
https://doi.org/10.1098/rspb.2008.1509. 

11. Fess, T.L.; Benedito, V.A. Organic versus Conventional Cropping Sustainability: A Comparative System Analysis. Sustainability 
2018, 10, 272. https://doi.org/10.3390/su10010272. 

12. Kotschi, J.; Müller-Sämann, K. The Role of Organic Agriculture in Mitigating Climate Change—A Scoping Study; IFOAM: Bonn, 
Germany, 2004. 

13. Zeraatpisheh, M.; Bakhshandeh, E.; Hosseini, M.; Alavi, S.M. Assessing the Effects of Deforestation and Intensive Agriculture 
on the Soil Quality through Digital Soil Mapping. Geoderma 2020, 363, 114139. https://doi.org/10.1016/j.geoderma.2019.114139. 

14. Foguesatto, C.R.; Borges, J.A.R.; Machado, J.A.D. A Review and Some Reflections on Farmers’ Adoption of Sustainable 
Agricultural Practices Worldwide. Sci. Total Environ. 2020, 729, 138831. https://doi.org/10.1016/j.scitotenv.2020.138831. 

15. Ikerd, J.E. Two Related but Distinctly Different Concepts. Small Farm Today 1993, 10, 30–31. 
16. Eyhorn, F.; Muller, A.; Reganold, J.P.; Frison, E.; Herren, H.R.; Luttikholt, L.; Mueller, A.; Sanders, J.; Scialabba, N.E.H.; Seufert, 

V.; et al. Sustainability in Global Agriculture Driven by Organic Farming. Nat. Sustain. 2019, 2, 253–255. 
https://doi.org/10.1038/s41893-019-0266-6. 

17. IPCC. Climate Change and Land: An IPCC Special Report on Climate Change, Desertification, Land Degradation, Sustainable Land 
Management, Food Security, and Greenhouse Gas Fluxes in Terrestrial Ecosystems; Shukla, P.R., Skea, J., Buendia, E.C., Masson-
Delmot, V., Pörtner, H.-O., Roberts, D.C., Zhai, P., Slade, R., Connors, S., van Diemen, S., et al., Eds.; IPCC: Geneva, Switzerland, 
2019. 

18. Asian, S.; Hafezalkotob, A.; John, J.J. Sharing Economy in Organic Food Supply Chains: A Pathway to Sustainable Development. 
Int. J. Prod. Econ. 2019, 218, 322–338. https://doi.org/10.1016/J.IJPE.2019.06.010. 

19. Gan, C.; Zhiyou, C.; Tran, M.C.; Cohen, D.A.; Xiangxiang, W. Consumer Attitudes towards the Purchase of Organic Products in 
China; Lincoln University: Lincoln, CT, New Zealand, 2014; Volume 15. 

20. Borron, S. Building Resilience for an Unpredictable Future : How Organic Agriculture Can Help; FAO: Rome, Italy, 2006; 1–25. 
21. Scialabba, N.E.H.; Müller-Lindenlauf, M. Organic Agriculture and Climate Change. Renew. Agric. Food Syst. 2010, 25, 158–169. 

https://doi.org/10.1017/S1742170510000116. 
22. McMichael, A.J.; Powles, J.W.; Butler, C.D.; Uauy, R. Food, Livestock Production, Energy, Climate Change, and Health. Lancet 

2007, 370, 1253–1263. https://doi.org/10.1016/S0140-6736(07)61256-2. 
23. Zundel, C.; Kilcher, L. Organic Agriculture and Food Availability; FAO: Rome, Italy, 2007. 
24. Foley, J.A.; Ramankutty, N.; Brauman, K.A.; Cassidy, E.S.; Gerber, J.S.; Johnston, M.; Mueller, N.D.; O’Connell, C.; Ray, D.K.; 

West, P.C.; et al. Solutions for a Cultivated Planet. Nature 2011, 478, 337–342. https://doi.org/10.1038/nature10452. 
25. Meier, M.S.; Stoessel, F.; Jungbluth, N.; Juraske, R.; Schader, C.; Stolze, M. Environmental Impacts of Organic and Conventional 

Agricultural Products—Are the Differences Captured by Life Cycle Assessment? J. Environ. Manag. 2015, 149, 193–208. 
https://doi.org/10.1016/j.jenvman.2014.10.006. 



Agronomy 2022, 12, 2435 14 of 17 
 

 

26. D’Amato, A.; Mazzanti, M.; Nicolli, F. Green Technologies and Environmental Policies for Sustainable Development: Testing 
Direct and Indirect Impacts. J. Clean. Prod. 2021, 309, 127060. https://doi.org/10.1016/j.jclepro.2021.127060. 

27. Barabanova, Y.; Zanoli, R.; Schlüter, M.; Stopes, C. Transforming Food & Farming, an Organic Vision for Europe in 2030; IFOAM: 
Bonn, Germany, 2015. 

28. Drabarczyk, K.; Wrzesińska-Kowal, J. Rozwój Rolnictwa Ekologicznego w Polsce. Zesz. Nauk. SGGW Ekon. Organ. Gospod. 
Żywnościowej 2015, 111, 19–31. https://doi.org/10.22630/EIOGZ.2015.111.31. 

29. Mazurek-Kusiak, A.; Sawicki, B.; Kobyłka, A. Contemporary Challenges to the Organic Farming: A Polish and Hungarian Case 
Study. Sustainability 2021, 13, 8005. https://doi.org/10.3390/su13148005. 

30. FAO. Emissions Due to Agriculture. Global, Regional and Country Trends 1990–2018. In FAOSTAT Analytical Brief 18; FAO: 
Rome, Italy, 2020. 

31. Seufert, V.; Ramankutty, N. Many Shades of Gray—The Context-Dependent Performance of Organic Agriculture. Sci. Adv. 2017, 
3, e1602638. https://doi.org/10.1126/sciadv.1602638. 

32. Seufert, V.; Ramankutty, N.; Mayerhofer, T. What Is This Thing Called Organic?—How Organic Farming Is Codified in 
Regulations. Food Policy 2017, 68, 10–20. https://doi.org/10.1016/j.foodpol.2016.12.009. 

33. de Ponti, T.; Rijk, B.; van Ittersum, M.K. The Crop Yield Gap between Organic and Conventional Agriculture. Agric. Syst. 2012, 
108, 1–9. https://doi.org/10.1016/j.agsy.2011.12.004. 

34. Ponisio, L.C.; M’gonigle, L.K.; Mace, K.C.; Palomino, J.; Valpine, P.; de Kremen, C. Diversification Practices Reduce Organic to 
Conventional Yield Gap. Proc. R. Soc. B Biol. Sci. 2015, 282, 20141396. https://doi.org/10.1098/rspb.2014.1396. 

35. Siegrist, S.; Schaub, D.; Pfiffner, L.; Mäder, P. Does Organic Agriculture Reduce Soil Erodibility? The Results of a Long-Term 
Field Study on Loess in Switzerland. Agric. Ecosyst. Environ. 1998, 69, 253–264. https://doi.org/10.1016/S0167-8809(98)00113-3. 

36. Bengtsson, J.; Ahnström, J.; Weibull, A.C. The Effects of Organic Agriculture on Biodiversity and Abundance: A Meta-Analysis. 
J. Appl. Ecol. 2005, 42, 261–269. https://doi.org/10.1111/j.1365-2664.2005.01005.x. 

37. Gattinger, A.; Muller, A.; Haeni, M.; Skinner, C.; Fliessbach, A.; Buchmann, N.; Mäder, P.; Stolze, M.; Smith, P.; Scialabba, 
N.E.H.; et al. Enhanced Top Soil Carbon Stocks under Organic Farming. Proc. Natl. Acad. Sci. USA 2012, 109, 18226–18231. 
https://doi.org/10.1073/pnas.1209429109. 

38. Crowder, D.W.; Reganold, J.P. Financial Competitiveness of Organic Agriculture on a Global Scale. Proc. Natl. Acad. Sci. USA 
2015, 112, 7611–7616. https://doi.org/10.1073/pnas.1423674112. 

39. FIBL & IFOAM. The World of Organic Agriculture Statistics and Emerging Trends 2021; Willer, H., Trávníček, J., Meier, C., Schlatter, 
B., Eds.; Research Institute of Organic Agriculture FiBL: Frick, Switzerland; IFOAM—Organics International: Bonn, Germany, 
2021. 

40. Janssen, M.; Hamm, U. Product Labelling in the Market for Organic Food: Consumer Preferences and Willingness-to-Pay for 
Different Organic Certification Logos. Food Qual. Prefer. 2012, 25, 9–22. https://doi.org/10.1016/j.foodqual.2011.12.004. 

41. Reganold, J.P.; Wachter, J.M. Organic Agriculture in the Twenty-First Century. Nat. Plants 2016, 2, 15221. 
https://doi.org/10.1038/nplants.2015.221. 

42. Gattinger, A.; Skinner, C.; Muller, A.; Krause, H.-M.; Fliessbach, A.; Mäder, P. Greenhouse Gas Fluxes in Agricultural Soils 
under Organic and Non-Organic Management. In Proceedings of the 4th ISOFAR Scientific Conference Building Organic 
Bridges at the Organic World Congress, Istanbul, Turkey, 13–15 October 2014. 

43. Davidson, D. Gaps in Agricultural Climate Adaptation Research. Nat. Clim. Chang. 2016, 6, 433–435. 
https://doi.org/10.1038/nclimate3007. 

44. Nalau, J.; Verrall, B. Mapping the Evolution and Current Trends in Climate Change Adaptation Science. Clim. Risk Manag. 2021, 
32, 100290. https://doi.org/10.1016/j.crm.2021.100290. 

45. Feola, G.; Lerner, A.M.; Jain, M.; Montefrio, M.J.F.; Nicholas, K.A. Researching Farmer Behaviour in Climate Change Adaptation 
and Sustainable Agriculture: Lessons Learned from Five Case Studies. J. Rural Stud. 2015, 39, 74–84. 
https://doi.org/10.1016/j.jrurstud.2015.03.009. 

46. Levine, J.; Chan, K.M.A.; Satterfield, T. From Rational Actor to Efficient Complexity Manager: Exorcising the Ghost of Homo 
Economicus with a Unified Synthesis of Cognition Research. Ecol. Econ. 2015, 114, 22–32. 
https://doi.org/10.1016/j.ecolecon.2015.03.010. 

47. Thaler, R.H. Behavioral Economics: Past, Present, and Future. Rev. Econ. Inst. 2018, 20, 9–43. 
https://doi.org/10.18601/01245996.v20n38.02. 

48. Jager, W.; Janssen, M.A.; de Vries, H.J.M.; de Greef, J.; Vlek, C.A.J. Behaviour in Commons Dilemmas: Homo Economicus and 
Homo Psychologicus in an Ecological-Economic Model. Ecol. Econ. 2000, 35, 357–379. https://doi.org/10.1016/S0921-
8009(00)00220-2. 

49. Klein, R.J.T.; Midgley, G.F.; Preston, B.L.; Alam, M.; Berkhout, F.G.H.; Dow, K.; Shaw, M.R. Adaptation Opportunities, Constraints, 
and Limits; Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, 
Y.O., Genova, R.C., Girma, B.; et al., Eds.; Cambridge University Press: Cambridge, UK, 2014; pp. 899–943. 

50. Brown, C.; Alexander, P.; Holzhauer, S.; Rounsevell, M.D.A. Behavioral Models of Climate Change Adaptation and Mitigation 
in Land-based Sectors. WIREs Clim. Chang. 2017, 8, e448. https://doi.org/10.1002/wcc.448. 



Agronomy 2022, 12, 2435 15 of 17 
 

 

51. Clayton, S.; Devine-Wright, P.; Stern, P.C.; Whitmarsh, L.; Carrico, A.; Steg, L.; Swim, J.; Bonnes, M. Psychological Research and 
Global Climate Change. Nat. Clim. Chang. 2015, 5, 640–646. https://doi.org/10.1038/nclimate2622. 

52. van der Linden, S. The Social-Psychological Determinants of Climate Change Risk Perceptions: Towards a Comprehensive 
Model. J. Environ. Psychol. 2015, 41, 112–124. https://doi.org/10.1016/j.jenvp.2014.11.012. 

53. Vulturius, G.; André, K.; Swartling, Å.G.; Brown, C.; Rounsevell, M.D.A.; Blanco, V. The Relative Importance of Subjective and 
Structural Factors for Individual Adaptation to Climate Change by Forest Owners in Sweden. Reg. Environ. Change 2018, 18, 
511–520. https://doi.org/10.1007/s10113-017-1218-1. 

54. Grothmann, T.; Patt, A. Adaptive Capacity and Human Cognition: The Process of Individual Adaptation to Climate Change. 
Glob. Environ. Chang. 2005, 15, 199–213. https://doi.org/10.1016/j.gloenvcha.2005.01.002. 

55. Blennow, K.; Persson, J. Climate Change: Motivation for Taking Measure to Adapt. Glob. Environ. Chang. 2009, 19, 100–104. 
https://doi.org/10.1016/j.gloenvcha.2008.10.003. 

56. Mazur, N.; Curtis, A.; Rogers, M. Do You See What I See? Rural Landholders’ Belief in Climate Change. Soc. Nat. Resour. 2013, 
26, 75–85. https://doi.org/10.1080/08941920.2012.686650. 

57. Khanal, U.; Wilson, C.; Hoang, V.N.; Lee, B. Farmers’ Adaptation to Climate Change, Its Determinants and Impacts on Rice 
Yield in Nepal. Ecol. Econ. 2018, 144, 139–147. https://doi.org/10.1016/j.ecolecon.2017.08.006. 

58. Mase, A.S.; Gramig, B.M.; Prokopy, L.S. Climate Change Beliefs, Risk Perceptions, and Adaptation Behavior among Midwestern 
U.S. Crop Farmers. Clim. Risk Manag. 2017, 15, 8–17. https://doi.org/10.1016/j.crm.2016.11.004. 

59. Arbuckle, J.G.; Morton, L.W.; Hobbs, J. Understanding Farmer Perspectives on Climate Change Adaptation and Mitigation. 
Environ. Behav. 2015, 47, 205–234. https://doi.org/10.1177/0013916513503832. 

60. Moser, S.C. Communicating Climate Change: History, Challenges, Process and Future Directions. WIREs Clim. Chang. 2010, 1, 
31–53. https://doi.org/10.1002/wcc.11. 

61. Pidgeon, N.; Fischhoff, B. The Role of Social and Decision Sciences in Communicating Uncertain Climate Risks. Nat. Clim. Chang. 
2011, 1, 35–41. https://doi.org/10.1038/nclimate1080. 

62. Moser, S.C. Reflections on Climate Change Communication Research and Practice in the Second Decade of the 21st Century: 
What More Is There to Say? Wiley Interdiscip. Rev. Clim. Chang. 2016, 7, 345–369. https://doi.org/10.1002/wcc.403. 

63. Schattman, R.E.; Caswell, M.; Faulkner, J.W. Eyes on the Horizon: Temporal and Social Perspectives of Climate Risk and 
Agricultural Decision Making among Climate-Informed Farmers. Soc. Nat. Resour. 2021, 34, 763–782. 
https://doi.org/10.1080/08941920.2021.1894283. 

64. Brügger, A.; Dessai, S.; Devine-Wright, P.; Morton, T.A.; Pidgeon, N.F. Psychological Responses to the Proximity of Climate 
Change. Nat. Clim. Chang. 2015, 5, 1031–1037. https://doi.org/10.1038/nclimate2760. 

65. Bui, H.T.M.; Nguyen, H.T.T. Factors Influencing Farmers’ Decision to Convert to Organic Tea Cultivation in the Mountainous 
Areas of Northern Vietnam. Org. Agric. 2021, 11, 51–61. https://doi.org/10.1007/s13165-020-00322-2. 

66. Sapbamrer, R.; Thammachai, A. A Systematic Review of Factors Influencing Farmers’ Adoption of Organic Farming. 
Sustainability 2021, 13, 3842. https://doi.org/10.3390/su13073842. 

67. Méda, Y.J.M.; Egyir, I.S.; Zahonogo, P.; Jatoe, J.B.D.; Atewamba, C. Institutional Factors and Farmers’ Adoption of Conventional, 
Organic and Genetically Modified Cotton in Burkina Faso. Int. J. Agric. Sustain. 2018, 16, 40–53. 
https://doi.org/10.1080/14735903.2018.1429523. 

68. Malá, Z.; Malý, M. The Determinants of Adopting Organic Farming Practices: A Case Study in the Czech Republic. Agric. Econ. 
Zemědělská Ekon. 2013, 59, 19–28. https://doi.org/10.17221/10/2012-AGRICECON. 

69. Singh, M.; Maharjan, K.L.; Maskey, B. Factors Impacting Adoption of Organic Farming in Chitwan District of Nepal. Asian J. 
Agric. Rural Dev. 2015, 5, 1–12. 

70. Adesope, O.M.; Matthews-Njoku, E.C.; Oguzor, N.S.; Ugwuja, V.C. Effect of Socio-Economic Characteristics of Farmers on Their 
Adoption of Organic Farming Practices. In Crop Production Technologies; Sharma, P., Ed.; InTech: London, UK, 2012; pp. 211–
220. 

71. Liu, X.; Pattanaik, N.; Nelson, M.; Ibrahim, M. The Choice to Go Organic: Evidence from Small US Farms. Agric. Sci. 2019, 10, 
1566–1580. https://doi.org/10.4236/as.2019.1012115. 

72. Rana, S.; Parvathi, P.; Waibel, H. Factors Affecting the Adoption of Organic Pepper Farming in India. Poster Present. Tropentag 
2012. 

73. Azam, M.S.; Banumathi, M.J.I.J. The Role of Demographic Factors in Adopting Organic Farming: A Logistic Model Approach. 
Int. J. Adv. Res. 2015, 3, 713–720. 

74. Aznar-Sánchez, J.; Velasco-Muñoz, J.F.; López-Felices, B.; del Moral-Torres, F. Barriers and Facilitators for Adopting Sustainable 
Soil Management Practices in Mediterranean Olive Groves. Agronomy 2020, 10, 506. 

75. Kerdsriserm, C.; Suwanmaneepong, S.; Mankeb, P. Factors Affecting Adoption of Organic Rice Farming in Sustainable 
Agriculture Network, Chachoengsao Province, Thailand. Int. J. Agric. Technol. 2016, 12, 1227–1237. 

76. Thorsøe, M.H.; Noe, E.B.; Lamandé, M.; Frelih-Larsen, A.; Kjeldsen, C.; Zandersen, M.; Schjønning, P. Sustainable Soil 
Management—Farmers’ Perspectives on Subsoil Compaction and the Opportunities and Barriers for Intervention. Land Use 
Policy 2019, 86, 427–437. https://doi.org/10.1016/j.landusepol.2019.05.017. 



Agronomy 2022, 12, 2435 16 of 17 
 

 

77. Ma, W.; Ma, C.; Su, Y.; Nie, Z. Organic Farming. China Agric. Econ. Rev. 2017, 9, 211–224. https://doi.org/10.1108/CAER-05-2016-
0070. 

78. Shaban, A.A. Factors Influencing Farmers’ Decision to Shift to Organic Farming: The Case of Gaza Strip. Br. J. Econ. Manag. 
Trade 2015, 5, 78–87. 

79. Pradhan, M.; Tripura, B.; Mondal, T.K.; Darnnel, R.R.; Murasing, J. Factors Influencing the Adoption of Organic Farming by the 
Farmers of North District of Sikkim. Int. J. Adv. Sci. Res. Dev. 2017, 4, 1–7. 

80. Baumgart-Getz, A.; Prokopy, L.S.; Floress, K. Why Farmers Adopt Best Management Practice in the United States: A Meta-
Analysis of the Adoption Literature. J. Environ. Manage. 2012, 96, 17–25. https://doi.org/10.1016/j.jenvman.2011.10.006. 

81. Wollni, M.; Andersson, C. Spatial Patterns of Organic Agriculture Adoption: Evidence from Honduras. Ecol. Econ. 2014, 97, 120–
128. https://doi.org/10.1016/j.ecolecon.2013.11.010. 

82. Dessart, F.J.; Barreiro-Hurlé, J.; van Bavel, R. Behavioural Factors Affecting the Adoption of Sustainable Farming Practices: A 
Policy-Oriented Review. Eur. Rev. Agric. Econ. 2019, 46, 417–471. https://doi.org/10.1093/erae/jbz019. 

83. Mills, J.; Gaskell, P.; Ingram, J.; Dwyer, J.; Reed, M.; Short, C. Engaging Farmers in Environmental Management through a Better 
Understanding of Behaviour. Agric. Hum. Values 2017, 34, 283–299. https://doi.org/10.1007/s10460-016-9705-4. 

84. Xie, Y.; Zhao, H.; Pawlak, K.; Gao, Y. The Development of Organic Agriculture in China and the Factors Affecting Organic 
Farming. J. Agribus. Rural Dev. 2015, 36, 353–361. https://doi.org/10.17306/JARD.2015.38. 

85. Sriwichailamphan, T. Factors Affecting Adoption of Vegetable Growing Using Organic System:A Case Study of Royal Project 
Foundation, Thailand. Int. J. Econ. Manag. Sci. 2014, 3, 2. https://doi.org/10.4172/2162-6359.1000179. 

86. Yanakittkul, P.; Aungvaravong, C. A Model of Farmers Intentions towards Organic Farming: A Case Study on Rice Farming in 
Thailand. Heliyon 2020, 6, e03039. https://doi.org/10.1016/j.heliyon.2019.e03039. 

87. Läpple, D.; van Rensburg, T. Adoption of Organic Farming: Are There Differences between Early and Late Adoption? Ecol. 
Econ. 2011, 70, 1406–1414. https://doi.org/10.1016/j.ecolecon.2011.03.002. 

88. Brenes-Muñoz, T.; Lakner, S.; Brümmer, B. What Influences the Growth of Organic Farms? Evidence from a Panel of Organic 
Farms in Germany. Ger. J. Agric. Econ. 2016, 65, 1–15. 

89. Pathak, H.S.; Brown, P.; Best, T. A Systematic Literature Review of the Factors Affecting the Precision Agriculture Adoption 
Process. Precis. Agric. 2019, 20, 1292–1316. https://doi.org/10.1007/s11119-019-09653-x. 

90. European Commission. CAP Explained : Direct Payments for Farmers 2015–2020; European Commission: Brussels, Belgium, 2018. 
https://doi.org/10.2762/572019. 

91. Erjavec, K.; Erjavec, E. Greening the CAP—Just a Fashionable Justification? A Discourse Analysis of the 2014-2020 CAP Reform 
Documents. Food Policy 2015, 51, 53–62. https://doi.org/10.1016/j.foodpol.2014.12.006. 

92. Hart, K.; Little, J. Environmental Approach of the CAP Legislative Proposal. Polit. Agric. Int. Int. Agric. Policy 2012, 1, 19–30. 
93. Matthews, A. Greening CAP Payments: A Missed Opportunity?; Institute for International and European Affairs: Dublin, Ireland, 

2013; pp. 1–14. 
94. Singh, M.; Marchis, A.; Capri, E. Greening, New Frontiers for Research and Employment in the Agro-Food Sector. Sci. Total 

Environ. 2014, 472, 437–443. https://doi.org/10.1016/j.scitotenv.2013.11.078. 
95. Westhoek, H.J.; Overmars, K.P.; van Zeijts, H. The Provision of Public Goods by Agriculture: Critical Questions for Effective 

and Efficient Policy Making. Environ. Sci. Policy 2013, 32, 5–13. https://doi.org/10.1016/j.envsci.2012.06.015. 
96. Bertoni, D.; Aletti, G.; Cavicchioli, D.; Micheletti, A.; Pretolani, R. Estimating the CAP Greening Effect by Machine Learning 

Techniques: A Big Data Ex Post Analysis. Environ. Sci. Policy 2021, 119, 44–53. https://doi.org/10.1016/j.envsci.2021.01.008. 
97. Bertoni, D.; Aletti, G.; Ferrandi, G.; Micheletti, A.; Cavicchioli, D.; Pretolani, R. Farmland Use Transitions After the CAP 

Greening: A Preliminary Analysis Using Markov Chains Approach. Land Use Policy 2018, 79, 789–800. 
https://doi.org/10.1016/j.landusepol.2018.09.012. 

98. Meredith, S.; Willer, H. Organic in Europe. Prospects and Deveopments; IFOAM: Brussels, Belgium, 2014. 
99. Stolze, M.; Sanders, J.; Kasperczyk, N.; Madsen, G.; Meredith, S. CAP 2014–2020. Organic Farming and the Prospects for Stimulating 

Public Goods; IFOAM: Brussels, Belgium, 2016. 
100. Mili, S.; Judez, L.; de Andres, R. Investigating the Impacts of EU CAP Reform 2014-20 and Developments in Sustainable Olive 

Farming Systems. New Medit 2017, 16, 2–10. 
101. Kughur, P.G.; Audu, O. Effects of Intensive Agricultural Production on the Environment in Benue State, Nigeria. IOSR J. Agric. 

Vet. Sci. Ver. I 2015, 8, 2319–2372. https://doi.org/10.9790/2380-08810711. 
102. Godde, C.M.; Mason-D’Croz, D.; Mayberry, D.E.; Thornton, P.K.; Herrero, M. Impacts of Climate Change on the Livestock Food 

Supply Chain; a Review of the Evidence. Glob. Food Sec. 2021, 28, 100488. https://doi.org/10.1016/j.gfs.2020.100488. 
103. Kamala, I.M.; Devanand, I.I. Impact of Climate Change on Insects and Their Sustainable Management. In Sustainable 

Intensification for Agroecosystem Services and Management; Springer Singapore: Singapore, 2021; pp. 779–815. 
https://doi.org/10.1007/978-981-16-3207-5_21. 

104. Jägermeyr, J.; Müller, C.; Ruane, A.C.; Elliott, J.; Balkovic, J.; Castillo, O.; Faye, B.; Foster, I.; Folberth, C.; Franke, J.A.; et al. 
Climate Impacts on Global Agriculture Emerge Earlier in New Generation of Climate and Crop Models. Nat. Food 2021, 2, 873–
885. https://doi.org/10.1038/s43016-021-00400-y. 



Agronomy 2022, 12, 2435 17 of 17 
 

 

105. Altieri, M.A.; Nicholls, C.I.; Henao, A.; Lana, M.A. Agroecology and the Design of Climate Change-Resilient Farming Systems. 
Agron. Sustain. Dev. 2015, 35, 869–890. https://doi.org/10.1007/s13593-015-0285-2. 

106. Gargano, G.; Licciardo, F.; Verrascina, M.; Zanetti, B. The Agroecological Approach as a Model for Multifunctional Agriculture 
and Farming towards the European Green Deal 2030—Some Evidence from the Italian Experience. Sustainability 2021, 13, 2215. 
https://doi.org/10.3390/su13042215. 

107. Kilcher, L. How Organic Agriculture Contributes to Sustainable Development. J. Agric. Res. Trop. Subtrop. Suppl. 2007, 89, 31–
49. 

108. Lane, D.; Murdock, E.; Genskow, K.; Betz, C.R.; Chatrchyan, A. Climate Change and Dairy in New York and Wisconsin: Risk 
Perceptions, Vulnerability, and Adaptation among Farmers and Advisors. Sustainability 2019, 11, 3599. 
https://doi.org/10.3390/su11133599. 

109. Buurma, J.S.; Smit, A.B.; van der Linden, A.M.A.; Luttik, R. Zicht Op Gezonde Teelt : Een Scenariostudie Voor Het 
Gewasbeschermingsbeleid Na 2000; Wageningen University & Research: Den Haag, The Netherlands, 2000. 

110. Wolfe, D.W.; Ziska, L.; Petzoldt, C.; Seaman, A.; Chase, L.; Hayhoe, K. Projected Change in Climate Thresholds in the 
Northeastern U.S.: Implications for Crops, Pests, Livestock, and Farmers. Mitig. Adapt. Strateg. Glob. Chang. 2008, 13, 555–575. 
https://doi.org/10.1007/s11027-007-9125-2. 

111. Kahan, D.M. Climate-Science Communication and the Measurement Problem. Polit. Psychol. 2015, 36, 1–43. 
https://doi.org/10.1111/pops.12244. 

112. Pryor, S.C.; Scavia, D.; Downer, C.; Gaden, M.; Iverson, L.; Nordstrom, R.; Patz, J.; Robertson, G.P. Midwest. Climate Change 
Impacts in the United States: The Third National Climate Assessment. In National Climate Assessment Report.; Melillo, J.M., 
Richmond, T.C., Yohe, G.W., Eds.; US Global Change Research Program: Washington, DC, USA, 2014; pp. 418–440. 

113. Church, S.P.; Dunn, M.; Babin, N.; Mase, A.S.; Haigh, T.; Prokopy, L.S. Do Advisors Perceive Climate Change as an Agricultural 
Risk? An in-Depth Examination of Midwestern U.S. Ag Advisors’ Views on Drought, Climate Change, and Risk Management. 
Agric. Hum. Values 2018, 35, 349–365. https://doi.org/10.1007/s10460-017-9827-3. 

114. Lane, D.; Chatrchyan, A.; Tobin, D.; Thorn, K.; Allred, S.; Radhakrishna, R. Climate Change and Agriculture in New York and 
Pennsylvania: Risk Perceptions, Vulnerability and Adaptation among Farmers. Renew. Agric. Food Syst. 2018, 33, 197–205. 
https://doi.org/10.1017/S1742170517000710. 

115. Schattman, R.E.; Conner, D.; Méndez, V.E. Farmer Perceptions of Climate Change Risk and Associated On-Farm Management 
Strategies in Vermont, Northeastern United States. Elem. Sci. Anthr. 2016, 4, 000131. 
https://doi.org/10.12952/journal.elementa.000131. 

116. Arbuckle, J.G.; Prokopy, L.S.; Haigh, T.; Hobbs, J.; Knoot, T.; Knutson, C.; Loy, A.; Mase, A.S.; McGuire, J.; Morton, L.W.; et al. 
Climate Change Beliefs, Concerns, and Attitudes toward Adaptation and Mitigation among Farmers in the Midwestern United 
States. Clim. Change 2013, 117, 943–950. https://doi.org/10.1007/s10584-013-0707-6. 

117. Klerkx, L.; Jakku, E.; Labarthe, P. A Review of Social Science on Digital Agriculture, Smart Farming and Agriculture 4.0: New 
Contributions and a Future Research Agenda. NJAS Wagening. J. Life Sci. 2019, 90–91, 100315. 
https://doi.org/10.1016/j.njas.2019.100315. 

118. EU SCAR. Agricultural Knowledge and Innovation Systems Towards the Future—A Foretsight Paper; European Commission: Brussels, 
Belgium, 2015. 

119. Zakari, S.; Ibro, G.; Moussa, B.; Abdoulaye, T. Adaptation Strategies to Climate Change and Impacts on Household Income and 
Food Security: Evidence from Sahelian Region of Niger. Sustainability 2022, 14, 2847. https://doi.org/10.3390/su14052847. 

120. Clark, S. Organic Farming and Climate Change: The Need for Innovation. Sustainability 2020, 12, 7012. 
https://doi.org/10.3390/su12177012. 

121. Woods, B.A.; Nielsen, H.Ø.; Pedersen, A.B.; Kristofersson, D. Farmers’ Perceptions of Climate Change and Their Likely 
Responses in Danish Agriculture. Land Use Policy 2017, 65, 109–120. https://doi.org/10.1016/j.landusepol.2017.04.007. 

122. Etikan, I. Comparison of Convenience Sampling and Purposive Sampling. Am. J. Theor. Appl. Stat. 2016, 5, 1. 
https://doi.org/10.11648/j.ajtas.20160501.11. 

123. Wang, X.; Cheng, Z. Cross-Sectional Studies. Chest 2020, 158, S65–S71. https://doi.org/10.1016/j.chest.2020.03.012. 
124. Meemken, E.M.; Qaim, M. Organic Agriculture, Food Security, and the Environment. Annu. Rev. Resour. Econ. 2018, 10, 39–63. 

https://doi.org/10.1146/annurev-resource-100517-023252.  
 
 


