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Abstract: Encouraging the use of conservation tillage technology is a highly effective approach
to safeguarding soil health, improving the environment, and promoting sustainable agricultural
development. With the mounting concerns surrounding climate change, developing conservation
tillage methods that facilitate sustainable agricultural growth has become an imperative both in
China and around the world. While it is widely recognized that adapting to climate change is crucial
in agriculture, there is limited research on evaluating the risks, discovering resilience, measuring
farmers’ perceptions on climate change, and exploring how tillage technology can be adjusted in the
context of small-scale farming in China to foster sustainable development. Using research data from
smallholder farmers in the Shaanxi and Shanxi provinces of China, this paper aims to explore the
impact of climate change perceptions on farmers’ adoption of conservation tillage technologies based
on an ordered Probit model. We found that farmers tend to refrain from embracing conservation
tillage technology due to the presence of unclear and conflicting perceptions regarding climate
change. Focus on short-term profitability and inadequate preparation hinder them from prioritizing
adaptation. We recognized several measures that could help farmers adapt and thrive within the
agricultural sector. Furthermore, we have validated the need for self-system moderation in promoting
farmers” adoption of conservation tillage technology. By utilizing such tools and resources, farmers
can comprehend the gravity of climate change’s impact on agricultural productivity and, more
importantly, channel their efforts towards fortifying resilience to extreme weather conditions and
long-term climate risks, thus fortifying agricultural sustainability.

Keywords: sustainable development; climate change; climate change perceptions; conservation
tillage technology

1. Introduction

Climate change exacerbates the effects of natural disasters on agriculture, especially
in areas with limited adaptive capabilities [1-3]. Smallholder farmers constitute the ma-
jority of farmers in China and globally, occupying 85% of all farmland worldwide [4]. It
is well documented that meteorological hazards and natural disasters can result in food
insecurity [5]. The use of innovative technology in agricultural production was instru-
mental in increasing productivity and addressing global food security issues during the
period of the “Green Revolution”. However, this success has come at a cost, including
increased pollution and a decline in quality owing to poor soil fertility and excessive use of
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chemicals [6,7]. With the increased demand for green transformation, green production
technologies have become an important solution to achieve it. Among the three main
measures to address climate change (prevention, mitigation, and adaptation), adaptation
can be considered the most important [8,9]. Conservation tillage technology plays a vital
role in improving adaptive capacity and coping with extreme hazards [10,11]. Furthermore,
conservation tillage is a green production technology that is sustainable and matches the
resource and environmental carrying capacity of agricultural production, thus supporting
ecological development and balancing agricultural markets [12-14]. Through promoting
environmentally friendly soil tillage patterns, conservation tillage can play a central role in
securing the global food supply [15,16].

Research on farmers’ responses to climate change and their adoption of sustainable
practices has become a priority in agricultural technology, with a strong focus on socioeco-
nomic and institutional factors [17,18]. Perceptions of climate change play a crucial role
in predicting the success of adaptation efforts since they greatly influence people’s adap-
tive behaviors [19,20]. The extent of technological requirements for smallholder farmers
depends on their knowledge and understanding of green production technology [21,22].
Recently, a growing body of literature has focused on the effect of climate change percep-
tions on farmers’ innovative adaptation behaviors. Existing analyses generally suggest
that farmers’ perceptions of climate change significantly contribute to their technology
adoption behavior, which can be explained primarily in terms of “risk” [23]. It is essential
to improve farmers’ perception and awareness of climate change to promote the adoption
of sustainable practices.

Compared with conventional technologies, green production technologies, such as
conservation tillage, tend to be ambiguous' and unfamiliar to farmers [24]. Farmers
typically adopt conventional technologies based on historical experience and existing
knowledge, but they might feel uncertain about new technology and have difficulty de-
termining its potential benefits. This uncertainty can cause risk-averse farmers to pre-
fer to stick with what they know instead of taking a chance on something new [22,25].
Studying the low agricultural technology adoption rates among farmers in less-developed
countries, Ross et al. (2010) [10] attributed the reluctance to adopt new technology to
ambiguity aversion, even when there is a relatively high expectation of profitability.
Thomas et al. (2022) [26] identified the following three necessary conditions for successful
adaptation to climate change: awareness of its existence, recognition of the threat it poses,
and the ability to make decisions that might be irreversible. Additionally, green farming
technologies have been shown to have both significant novelty and hidden effects, as
demonstrated by Feder et al. (1985) [27] and Birthal et al. (2015) [28]. In an incomplete
information environment, ambiguous decision making becomes a common phenomenon
in farmers” agricultural production decisions [29]. Based on the ambiguous-aversion per-
spective, exploring the effect of farmers’ climate change perceptions on decision-making
behavior under uncertainty has become a focus of green agricultural transformation and
sustainable development [30].

Current studies of farmers’ perceptions of climate change mainly focus on climate
knowledge, impact, and risk assessment, but they lack comprehensiveness and ratio-
nality [22,31]. Furthermore, there is a lack of research on green agricultural production
technology in the context of climate change. While China has made significant progress
in studying extension behavior with regard to traditional agricultural technologies, such
as water-saving irrigation [25] and hybrid rice [32,33], there is a lack of research on the
application of technologies related to agricultural environmental protection and sustainable
development. It is worth noting that, in developed countries, farmers” adaptive behaviors
are largely supported by institutional frameworks. While farmers in developing coun-
tries might be overlooked by government programs intended to upgrade the agricultural
sector [34], they are still able to adapt to climate change by implementing sustainable
agricultural practices. This adaptive process can have a ripple effect throughout the system,
with local changes driving improvements at the far end of the system [20]. When examin-
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ing the influence of uncertainty aversion on new technology adoption, it is important to
differentiate between risk and ambiguity. Nevertheless, the results of previous studies have
been inconsistent, with many concentrating solely on the degree of uncertainty affecting
technology adoption by smallholder farmers while disregarding its hierarchical position in
the climate change adaptation framework. At the same time, the mystery of the low adop-
tion of agricultural innovation has received some attention [10], but there is unfortunately
no literature yet that proposes specific interventions to mitigate it.

This study investigates the factors affecting the adoption of sustainable agricultural
practices by farmers in the context of climate change in northern China. The main con-
tributions of this research include the following: (1) the development of a novel climate
change perception matrix that captures both the risks and challenges of climate change;
(2) the development of a theoretical framework of climate change perceptions in adaptation
behavior under uncertainty avoidance and the empirical validation of the role of climate
change perceptions in hindering farmers’ ambiguous decision-making behaviors; (3) the
use of a moderating effect model that explores the potential of competitiveness to over-
come obstacles to technology adoption and to promote the uptake of conservation tillage
practices among farmers. Farmers’ decision-making behaviors are influenced by a variety
of factors, of which cognitive factors, including individual perceptions of benefits, costs,
risks, etc., are the direct factors [22] of the behavior. If farmers perceive themselves to be
competitive in coping with the risks posed by the behavior, the mystery of low adoption
will be alleviated.

The rest of this paper is organized as follows. Section 2 presents the theoretical analysis
and research hypothesis. Section 3 describes the research method, including sample
selection, the measurement of risk perception, variable description, and the econometric
model. Section 4 presents the results, and Section 5 discusses the findings, limitations,
and future research directions. Finally, Section 6 presents recommendations for policy
implementation.

2. Theoretical Analysis and Hypothesis

We divide the behavioral process of farmers’ risk-ambiguous decision making when
faced with external uncertainty into the following three stages: climate change perception
formation, behavioral decision making under uncertainty, and experiential learning [35,36].

When evaluating external uncertainties, farmers make subjective judgments about
the likelihood (objective probability) and value (objective earnings) of certain outcomes,
which ultimately leads to the formation of individual and unique risk attitudes. As farmers
consider the combined effects of risk and their ability to adapt to external conditions, they
formulate perceptions of climate change. Once these perceptions are established, farmers
make decisions about how to respond to external uncertainties based on their beliefs about
the risks involved (see the uncertain decision-making behavior in Figure 1). It is worth
noting that every behavior is an accumulation of individual experiences. After decisions are
made, farmers evaluate their outcomes and decide whether to acquire relevant knowledge
based on their own experiences and those of their community members. Through this
process of experiential learning, farmers can adjust their perceptions of risk and adapt their
behaviors accordingly (see Figure 1). It is important to recognize that each individual has
a unique cognitive state and innate preferences when making decisions about external
uncertainties.

Farmers who can observe or perceive climate change phenomena are often better
equipped to anticipate the risks associated with it and are more willing to take action to in-
crease their resilience. The findings of Debnath and Roy (2013) [36] and Elahi et al. (2022) [37]
support this claim. Farmers who have a clear understanding of how climate change affects
agricultural production are more likely to adopt sustainability adaptive measures to mit-
igate risk [38,39]. Similarly, Ahmed et al. (2022) [40] found that farmers who perceived
agricultural yield loss in the polder areas of Bangladesh were significantly more likely to
adopt sustainable practices to mitigate the effects of climate change. Overall, it appears that
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farmers who are aware of climate change risks and the potential effects on their livelihoods
are more likely to take proactive steps to adapt and increase their resilience to these external
uncertainties.

External uncertainty Climate change perception Uncertain decision-making behavior

i ] Objective |
i . eamings | iU >| Risk Perception | | Risky decision-making

|  Objective | |

Ability to adapt | | Ambiguous decision making

Change Leaming from experience

Individuals ‘

Figure 1. Diagram of the agricultural uncertainty decision framework.

The adoption of conservation tillage technology is influenced by a range of factors,
including natural conditions, technical constraints, and market conditions. It is uncertain,
however, whether this technology will yield positive outcomes. Such uncertainties translate
into decision-making behavior that involves both risky decision making with known prob-
abilities mixed with ambiguity decision making with unknown probabilities [13,41]. In this
context, risk aversion and ambiguity aversion both play a role in shaping individuals’ per-
ceptions and decision-making behaviors, although their specific manifestations can differ.
For example, Barham et al. (2014) [41] found that farmers exhibited varying degrees of risk
and ambiguity aversion when faced with different sustainable agricultural technologies.
Those with high ambiguity aversion tended to maintain the status quo rather than adopt.
Similarly, in the context of developing countries such as India and Laos, Ross (2010) [10]
found that risk aversion reduced the likelihood of farmers switching from safe foods to
other food types, while ambiguity aversion reduced their likelihood of diversifying among
these food types. Moreover, farmers in less-developed countries or regions—who are
often poorly educated and have limited comprehension skills—face challenges in accessing
technical information to help them make irreversible decisions related to agricultural pro-
duction. As a result, the adoption of green production technology might hinder farmers’
ability to accurately assess the benefits of the technology, and they might delay or abandon
sustainable adaptive behavior when faced with irreversible investments.

Considering the existence of ambiguity, the greater a farmer’s perception of climate
change, the lower the uncertainty compensation received by adopting conservation tillage
technology, and the less likely the farmer is to adopt the technology. Thus, we propose the
following research hypothesis:

Hypothesis 1. The higher the degree of farmers’ climate change perceptions, the more they tend to
maintain the status quo and reduce their adoption of conservation tillage technology.

The impact of catastrophic weather on crop production is critical. Under the influence
of ambiguity, farmers tend to maintain the status quo and reduce the adoption of conserva-
tion tillage technologies. What can we do to mitigate this phenomenon? Among the factors
influencing farmers’ decision-making behaviors, cognitive factors are often considered
proximate [22]. Cognitive abilities are related to learning and reasoning, including an
individual’s perception of the benefits, costs, risks, etc., of a behavior. This is also true for
farmers. In any case, farmers’ productive behavior is for livelihood. In layman’s terms,
to gain profit. Therefore, while climate change perceptions inhibit farmers’ willingness
to adopt technologies, the inhibitory effect of climate change perceptions on conservation
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tillage technology adoption will likely be mitigated if farmers perceive themselves to be
competitive, e.g., if they are more literate, have a strong resource base, or a high level of
technological awareness, they are more likely to cope with the risks posed by their own
behavior. This paper therefore proposes Hypothesis 2:

Hypothesis 2. Competitiveness can mitigate the inhibitory effect of climate change perceptions on
conservation tillage technology adoption; that is, competitiveness plays a moderating role in it.

3. Methodology
3.1. Study Area and Sampling

The study’s data are collected through field research conducted among smallholder
farmers in the Shaanxi and Shanxi provinces of China from July to August 2021 using
a multi-stage stratified sampling method [42]. A total of 684 data points were obtained.
Focusing on small farmers, we randomly selected four districts and counties, Heyang and
Yongshou counties in Shaanxi Province and Yaodu and Pinglu counties in Shanxi Province,
as the sample areas; secondly, five towns were selected in a stratified sample of each town?
based on differentiated levels of economic development and geographic location; lastly,
farmers were randomly selected from a list of local villagers, according to the principle of
equidistant sampling, with villages with less than 50 households, 51-100 households, and
more than 100 households being selected with the principle of 2, 4, and 10 sample distances,
respectively. The distribution of the sample is shown in Table 1.

Table 1. Sample distribution.

Province Sample Cities (Counties) Number of Samples Percentage
. . Yongshou County 142 20.76%
Shaanxi Province Heyang County 231 33.77%
Yaodu District 151 22.08%

Shanxi Province Pinglu County 160 23.39%

In China, the northern regions mainly belong to semi-arid and semi-humid areas with
low precipitation, which are dry farming areas. The northern dry farming area includes
Northeast and North China, which are located in the North China Plain and the Loess
Plateau, respectively. These regions have been significant farming areas since ancient
times. The Chinese government has been focusing on conservation farming since 2002,
with the Loess Plateau area being mentioned in various governmental documents. For
instance, the National Land Plan (2016-2030) has identified the Loess Plateau as an area that
needs to be protected for soil and water conservation. It proposes a comprehensive land
improvement plan for relevant lands, including Shaanxi and Shanxi provinces, to improve
their arable land quality. Both Shanxi Province and north—central Shaanxi Province have
low precipitation levels and dry weather. These two provinces are located on the Loess
Plateau, which has loose soils, making the over-exploitation of arable land a possible cause
of soil erosion and the decline in soil fertility. This has a negative impact on the sustainable
development of the agriculture. Therefore, this study specifically focuses on the Loess
Plateau region, with Shaanxi and Shanxi provinces being used as the sample areas. The
selection of these provinces is based on the degree of development of conservation tillage
technology.

As per the “13th Five-Year Plan for Modern Agriculture Development (2016-2020)”
in Shaanxi Province, a total of 13,333.33 square kilometers (20 million mu®) of mechanical
subsoiling and deep plowing and 100,000 square kilometers (150 million mu) of straw
returning were implemented. Additionally, a conservation tillage demonstration area
of 4800 square kilometers (7.2 million mu) was established. In 2022, Shaanxi Province
introduced the “Arable Land Protection Incentive Plan” and “Tillage Protection Incentive
Interim Measures” to promote conservation tillage. Shanxi Province initiated the “Mecha-
nized Conservation Tillage Technology and Key Machinery Pilot Test and Demonstration”
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project in 2001, forming a complete mechanized conservation tillage technology system and
no-till seeding machinery that could be broadly promoted. By 2020, 46 counties in Shanxi
Province had been listed as national conservation tillage technology demonstration and
promotion project counties, while 47 counties were listed as national conservation tillage
capital construction project counties. The promotion area of conservation tillage technology
reached 18 million mu in 109 agricultural counties, cities, and districts, accounting for
roughly 40% of the total grain planting area®.

3.2. The Measurement of Farmers” Risk Preferences

Referring to Holt and Laury (2005) [43], Yu et al. (2023) [44] designed an experiment
to measure the degree of risk preference of farm households. Before the experiment, the
farmers were informed of the following information: there are three black balls and three
red balls in a transparent box, and the rewards for taking out different colored balls are
different, as shown in Table 2. Then, the farmers were asked to choose between the two
options (only farmers who chose Plan 2 could participate in the formal game, as it is a
cognitive test). Without any suspense, whether choosing a black ball or a red ball, the
rewards obtained from Plan 2 are higher than Plan 1. Therefore, only farmers choosing
Plan 2 were rational. The purpose of this experiment was to improve the accuracy of the
experimental data.

Table 2. Test games.

Plan 1 Plan 2

Options Red Ball Black Ball Red Ball Black Ball
15 20 16 21

The formal experiment involved 10 sets of games with varying rewards, as shown in
Table 3. Among the rewards, there was a low-risk plan (Plan 3) and a high-risk plan (Plan 4)
that farmers needed to choose between. The experiment set the following two prerequisites:
Firstly, the farmer was aware of the presence of the three red and three black balls in the
box. Secondly, the farmer only had knowledge of the total number of balls in the box, but
not their colors. These two premises were leveraged to calculate the risk preference index
with definite probabilities (Equation (1)) and ambiguous probabilities (Equation (2)).

. _ N — Pl&lﬂ4nd

Risk; = N (1)
. N — Plan4

Rlsku = Tm (2)

where Risk; and Risk, indicate the risk level under definite probability and the risk level
under ambiguous probability, respectively; N is the total number of experiments; Plan4,,;
is the number of times that who chose reward Plan 4 did so with definite probability, while
Plan4,, is the number of times that who chose reward Plan 4 did so with ambiguous
probability. The risk preference level has a value range of [0, 1], where 1 indicates that the
farmer is extremely risk averse and 0 indicates that the farmer extremely prefers risks.
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Table 3. Experimental protocol.
Plan 3 Plan 4
Options
Red Ball Black Ball Red Ball Black Ball
1 20 20 22 18
2 20 20 23 17
3 20 20 25 15
4 20 20 35 15
5 20 20 37 13
6 20 20 40 10
7 20 20 52 8
8 20 20 54 6
9 20 20 56 4
10 20 20 60 0

3.3. Study Area and Sampling
3.3.1. Explained Variable

The explained variable is the adoption of conservation tillage technology by farmers.
This variable is ordered and categorical, with a value of 1 for the non-adoption of any
conservation tillage technology, a value of 2 for the adoption of straw-returning technology
only, and a value of 3 for the adoption of a combination of straw-returning, no-tillage, or
subsoiling technology. Adopting the straw-returning technology alone helps to improve
crop resistance to natural disasters compared to the non-adoption of any conservation
tillage techniques. However, adopting a combination of straw-returning, no-tillage, or
subsoiling technology is more effective in increasing crop resilience to natural disasters [13].
Therefore, from the perspective of resistance to natural disasters, the three tillage practices
can be ranked in order of increasing effectiveness: non-adoption of conservation tillage
techniques, adoption of straw-returning technology only, and adoption of straw-returning
in combination with no-tillage or subsoiling technology.

3.3.2. Core Explanatory Variable

We focus on farmers’ perceptions of climate change as the main explanatory variable.
A climate change perception matrix was used to gauge farmers’ perceptions of climate
change. By examining natural climatic conditions in the sample provinces and experimental
design scenarios, we hypothesized that farmers are susceptible to four climatic hazards
during wheat cultivation, including drought, heavy rainfall and flooding, low temperature
and cloudy rain, and high wind and hail, and used a five-point Likert scale (Appendix A)
to construct relative perception scales. Perceptual factors usually consist of perceived
risk and perceived adaptive capacity [45]; in our case, drawing from previous studies,
we measured farmers’ perceptions towards climate change by asking them to rate the
frequency and difficulty of the control of the four climatic hazards [46]. This allowed us to
assess the farmers’ level of perception towards the four risks. We summed each farmer’s
ratings of frequency [47] and difficulty of control [39] of the four risks to acquire a matrix
of farmers’ perceptions of climate change for each risk (see Figure 2). Climate change
perception coefficients of 2-5 indicated low levels of climate change perception, while
those of 6-10 represented high levels [46,48]. Finally, we averaged the four climate risk
perception coefficients to measure farmers’ overall climate change perceptions.
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Frequency

516 7 8 9 10
High
4 |5 6 7/ 8 9
314 5 6 7 8
2 3 4 5 6 7
1|2 3 4 5 6
Low
1 2 3 4 5

Difficulty of prevention and treatment

Figure 2. Climate change perception matrix.

3.3.3. Moderating Variables

Dessart et al. (2019) [22] identified the following three factors that influence farmers’

decision-making behavior: personality, social factors, and cognitive factors. They consider
cognitive factors to be proximal and related to learning and reasoning. Cognitive factors
include farmers’ perceptions of the relative benefits, costs, and risks associated with a
particular sustainable practice, or whether they believe they have sufficient skills to adopt
the practice. Here, we argue that farmers’ combined competencies are competitive and
examined the moderating role of competitiveness in the following ways:

1.

Personal literacy. The literature agrees that education has a significant influence in
the relationship with farmers’ perceptions. Better-educated farmers are more aware
of climate change and better understand the need for adaptation [49]. Therefore, we
used the years of education of the respondents to measure farmers’ personal literacy.
Resource base. Adger et al. (2003) [50] state that the adaptation process includes the
resource base on which individuals depend. Farmers’ perceptions are often influenced
by access to weather information [49], and differences in access to information can lead
to differences in perceptions and understanding [51]. Therefore, we measured farmers’
resource base using their proactivity in following information about weather changes
on TV, mobile phones, etc. (not concerned was assigned a value of 1; sometimes
concerned was assigned a value of 2; average concern was assigned a value of 3; often
concerned was assigned a value of 4; very concerned was assigned a value of 5).
Technology awareness. The technological requirements of small farmers are deter-
mined by their understanding of green production technologies [21]. Farmers with
higher technological awareness show a strong inclination towards proactive learning,
with greater interest and willingness to learn about sustainable practices [52]. How-
ever, low levels of technology awareness and weak risk tolerance hinder the adoption
of green production technologies by small farmers. We know that small farmers
are the main driving force in China’s grain production. Understanding the level of
technology awareness of small farmers and identifying the factors that hinder their
development is crucial for accelerating the transition to green agricultural production.
Before adopting sustainable practices, farmers must first recognize these practices,
understand their related costs and benefits, and acquire technical knowledge [22]. This
study aims to quantify farmers’ technological awareness in four key areas, ultimately
forming an overall index measured through the entropy method (see Appendix B).
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4. Security. A number of studies have shown that financial factors are direct contributors
to the deviation of smallholder farmers’ behavior from their intentions [53]. Therefore,
we introduce farmers’ security as a moderating variable to discuss the heterogene-
ity in the adoption of sustainable agricultural technologies due to financial factors.
Specifically, we used the total amount of cash and savings (Yuan) of all household
members currently in the household to measure farmers’ sense of security.

3.3.4. Control Variables

Farmers’ sustainable agricultural production behaviors and risk management capaci-
ties are influenced by a number of factors, including internal and external factors. Specif-
ically, internal factors include age, education level, household size, farmers’ perception
levels, and risk perception [14,19,54], while external factors mainly refer to the provision of
government support, public services, and environmental support to meet farmers’ agri-
cultural production needs [46]. The external factors include government support, public
services, environmental support [31,35], etc. We include the relevant variables as control
variables, divided into the following five dimensions: the individual level, household level,
and agroecological level, government support, and technology adoption environment.

At the individual level, we considered the following three variables: the age and
education level of the household head, and whether the household is a village leader.
At the household level, we included the number of laborers in the household and the
per capita income of the household. In terms of the agroecological level, we selected the
cultivation size variable, as many studies agree that more farmers adopt no-till techniques
under continuous farming conditions [36,55]. Regarding government support, we primarily
considered whether technical information services for disaster prevention are available
in the village. Finally, we measured the environment for conservation tillage technology
adoption in two ways. Firstly, we considered the difficulty of hiring conservation tillage
machinery and provided a scale of 1-5 based on farmer perceptions. Secondly, we measured
farmers’ satisfaction with the operation of conservation tillage machinery, also providing a
scale of 1-5 based on their subjective evaluation.

3.3.5. Descriptive Statistics

Table 4 shows the results of the descriptive statistics. The average age of the inter-
viewed farmers was 58 years. Among them, the average number of years of education was
only 7.2 years, and most of them had not completed junior secondary education. It can be
seen that the overall education level of the farmers in the sample area is low.

Table 4. Variable definition and descriptive statistics.

Variables Meaning and Assignment of Variables Mean Std.
1 = No conservation tillage technology adopted; 2 = Only adopted
Adoption straw-returning technology; 3 = Adopted straw-returning + a combination of 2.64 0.57
no-tillage or subsoiling technology
Perception Climate change perception matrix 0.88 0.33
Age The actual age of the respondent, unit: years 58 9.72
Education Years of education of respondent, unit: years 7.28 2.92
Leader Is the head of the household a village official? (1 = Yes; 0 = No) 0.13 0.34
Numland Number of plots planted with wheat, unit: block 3.63 23.09
Income Total income of the sample households in the last year, unit: yuan 1.13 4.38
Labor Number of family agricultural laborers 2.09 0.90
Is it easy for you to hire conservation tillage machinery (such as straw
Hiring returners, seeders, or deep cultivators) during the operating season? 4.54 0.68
1 = Very difficult; 2 = A bit difficult; 3 = Average; 4 = Easy; 5 = Very easy
Are you satisfied with the operation of the conservation tillage machinery?
Effectiveness 1 = Very dissatisfied; 2 = Dissatisfied; 3 = Average; 4 = More satisfied; 437 0.69

5 = Very satisfied
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Table 4. Cont.

Variables Meaning and Assignment of Variables Mean Std.
Farmers’ proactivity in following information about weather changes on TV,
mobile phones, etc.

Resources 1 = Not concerned; 2 = Sometimes concerned; 3 = Average; 4 = Often 4.46 0.85
concerned; 5 = Very concerned

Awareness See Appendix B 0.48 0.29

Security Total cash and savings of all household members, unit: yuan 7.57 4.09

3.4. Model Setting

We assigned Y to the farmers’ choice of conservation tillage technology. In this study,
the adoption of no conservation tillage technology, only straw-returning technology, and
a combination of straw-returning + no-tillage or subsoiling technology are assigned a
value from low to high according to the effectiveness of conservation tillage technology in
counteracting natural disaster risk. As the dependent variable is an ordered categorical
variable, an ordered Probit model was used for the empirical estimation.

Y* = Bo+ B1Perception + X + ¢ ©)

Y* is the latent variable; By, B1, and B, are the coefficients to be estimated; ¢ is the
residual term, which follows a normal distribution and has variance of 2. Perception is
the climate change perception and X denotes the vector of the control variables.

4. Results

This study used data analysis software such as Stata15.0, Excel, and Origin 9.1 for the
data analysis and data visualization.

4.1. Demand for Conservation Tillage Technology for Smallholders

The survey results show that smallholder farmers are more willing to adopt conserva-
tion tillage technology (95.5%). Specifically, 27.3% of farmers adopted the straw-returning
technology, while 68.1% have adopted the combination of straw-returning + no-tillage or
subsoiling technology (Figure 3).

I:l Willing to adopt
I:l Unwilling to adopt

4.5%
I A)
Conservation tillage 1
tec hnology
68.1% 27.3% ‘
Combined technology Straw return technology
1 I T 1
0 20 40 60 80 100

Figure 3. Current status of smallholders’ conservation tillage technology demand.

4.2. Farmers’ Climate Change Perceptions

The existing literature suggests that farmers appear to have a fairly accurate perception
of climate change, which likely stems from the importance of weather in their daily lives.

To better understand the level of farmers’ climate change perceptions in the study area,
we collected 30 years of historical weather data (temperature and rainfall) and analyzed
these data to examine trends and patterns. The observed historical data show trends and
patterns that are consistent with the perceived climate change perceptions of farmers in the
study area (see Figures 4 and 5). Specifically, with the onset of the monsoon”, temperatures
are much warmer and precipitation spikes in both regions, creating a risk to agricultural
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production. The temperature box plot shows a relatively normal seasonal pattern with
occasional anomalous values. However, the precipitation map shows that anomalous
events have been occurring with increasing frequency with the onset of the monsoon.
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Figure 4. Shaanxi Province (left) and Shanxi Province (right) historical temperature patterns (1991 to
2020). Source: author’s calculation using data.
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Figure 5. Shaanxi Province (left) and Shanxi Province (right) historical rainfall patterns (1991 to 2020).
Source: author’s calculation using data.

4.3. Does the Ambiguity Aversion of Farmers Exist?

Referring to Table 5, the definite probability risk preference coefficient pertaining to
farmers is significantly positive, while the ambiguity probability risk preference coefficient
is not significant. Moreover, the farmers’ definite probability risk preference absolute value
is found to be greater than that of the ambiguity probability risk preference. This alludes to
the tangible presence of “ambiguity aversion” among farmers. In contrast to deterministic
probability risk preference, ambiguity probability risk preference encapsulates farmers’
perspectives regarding uncertainties” probability [13]. Hypothesis 1 is supported by this
realistic insight, which implies that farmers” ambiguity surrounds their probability of
embracing conservation tillage technology to minimize benefit losses. Farmers remain
unsure of such technology’s benefits. Thus, they remain resistant to its adoption, preferring
the status quo. The subsequent section will utilize a Probit model to analyze farmers’
inclinations towards adopting conservation tillage technology.
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Table 5. An existential test of farmers’ perceptions of ambiguity.

@ 2)
Variable y y
Risk, 0.2506 *
(1.70)
Risk f 0.1423
(0.92)
Control variables Yes Yes
—0.0086 —0.0088
0.3802 0.3254
/cutl (0.69) (0.60)
1.7004 *** 1.6438 ***
/cut2 (3.10) (3.01)
0.2506 * (0.58)
Observations 684 684

*** and * represent significance at the 1% and 10% levels, respectively; standard errors are shown in the parenthesis.

4.4. Probit Model Analysis of the Willingness to Adopt Conservation Tillage Technology

Table 6 presents findings on the impact of farmers’ perceptions of climate change on
their adoption of conservation tillage technology. The regression results in columns (1)—(4)
consistently show the effect of control variables at the individual and household, agroe-
cological, and government support levels. Particularly, in column (4), we found that the
variable climate change perception was significant at a 1% level of significance, with a nega-
tive coefficient. The marginal effects reveal that a 0.1 increase in climate change perception
leads to a 0.48% increase in the probability of farmers not adopting any conservation tillage
technology. Meanwhile, the probability of adopting only straw-returning technology in-
creases by 0.12%, and the probability of using a combination of straw-returning + no-tillage
or subsoiling technology decreases by 0.17%.

Table 6. The impact of climate change perceptions on farmers’” adoption of conservation tillage

technology.
1 V) (3) @ Marginal Effects
Variable y y y y Adoption=1 Adoption=2 Adoption =3
Perception —0.4235 *** —0.3959 ** —0.4607 *** —0.5576 *** 0.0487 ** 0.1297 ** —0.1784 **
(—2.66) (—2.45) (—2.77) (—3.20)
Age —0.0105 ** —0.0106 ** —0.0093 * 0.0008 ** 0.0021 ** —0.0029 **
(—2.00) (—1.99) (—1.70)
Education —0.0117 —0.0136 —0.0122 0.0010 0.0028 —0.0039
(—0.66) (—0.76) (—0.66)
Leader 0.4465 *** 0.4429 *** 0.4302 ** —0.0375 ** —0.1001 ** 0.1376 **
(2.71) (2.68) (2.52)
Numland —0.0017 —0.0015 0.0001 0.0003 —0.0005
(—0.93) (—0.84)
Income 0.0009 —0.0022 0.0002 0.0005 —0.0007
(0.07) (—-0.17)
Labor —0.0975 * —0.1001 * 0.0087 * 0.0233 * —0.0320 *
(—1.89) (—1.90)
Hiring 0.2371 *** —0.0206 ** —0.0551 ** 0.0758 **
(3.09)
Effectiveness 0.4226 *** —0.03688 *** —0.0983 *** 0.1352 ***
(5.40)
Pseudo R2 0.0870 0.0870 0.0870 0.0870 0.0870 0.0870 0.0870
Observations 684 684 684 684 684 684 684

*x % and * represent significance at the 1%, 5%, and 10% levels, respectively; standard errors are shown in the
parenthesis.
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Thus, our hypothesis is supported by the research. The adoption of conservation
tillage technology, especially combinatorial technology, poses a high risk due to its nov-
elty [27]. Farmers who adopt innovative technology tend to have higher expectations of
returns, resulting in slow adoption rates in developing countries due to farmers” ambiguity
aversion [10]. To accelerate the adoption of innovations, interventions to reduce uncer-
tainty are more effective than risk-reducing interventions, as demonstrated by empirical
research [20]. However, smallholder farmers in developing countries, with their low levels
of education and understanding, find it difficult to access information about new technol-
ogy from extension agents, field trials, and dealers, leading to ambiguity and uncertainty
in their adoption decisions [24]. Moreover, traditional technologies that offer quick results
are preferred by farmers who prioritize short-term profitability and survival, making adap-
tation a less-preferred option. Therefore, explicit and implicit effects of conservation tillage
technology must be taken into account, and interventions to reduce uncertainty should be
implemented to accelerate the adoption by smallholder farmers in developing countries.

Among the control variables, age is a significant factor, with a negative coefficient,
indicating that, as the household head becomes older, they are less likely to adopt straw-
returning technology, particularly the combination of straw-returning + no-tillage or subsoil-
ing technology. This seems reasonable, as older farmers may be more attached to traditional
farming practices and less open to new, green production technologies, such as conser-
vation tillage. This is supported by Cao et al. (2008) [54] and Jha and Gupta (2021) [17],
who found that older farmers invest less in conservation farming in the long term. On the
other hand, if the household head is a village leader, there is a greater tendency to adopt
straw-returning technology, especially the combination of straw-returning + no-tillage or
subsoiling technology. This is because village leaders tend to be more open-minded and
receptive to new technologies. The coefficient of labor is significant and negative, which
is expected, since conservation tillage technology is a labor-saving technology that relies
mainly on mechanized operations. Therefore, farmers will tend to use conservation tillage
technologies to reduce labor when their family workforce is small. This is consistent with
the finding of Guo et al. (2022) [55] that labor is a major factor in farmers” willingness to
adopt sustainable agricultural technologies. In China, the characteristic of “half worker,
half farmer” is evident. Against the backdrop of increasing urban migration and off-farm
employment, rational economic behavior is reinforced, which may lead farmers to further
adopt sustainable agricultural technologies [56,57]. Both the variables of hiring and effec-
tiveness are significant and positive, which is consistent with the fact that the availability of
new technology is a prerequisite for farmers to adopt it. In China, small-scale farmers typi-
cally adopt conservation tillage technology through specialized farm machinery services.
Farmers will only adopt conservation tillage technology with confidence when it is better
served and when they are satisfied with the results, as shown by Guo et al. (2022) [55].

4.5. Robustness Tests

Numerous studies concurred on the fact that farmers who grow different crops exhibit
varying behaviors in adapting to climate change [58]. To further assess the validity of
the aforementioned empirical analysis, the baseline regression results were subjected to
several robustness tests, such as replacing wheat-planting technology with maize-planting
technology, adjusting the core explanatory variable by setting the climate change perception
variable as a 0-1 variable, tailing all continuous variables, and changing the sample by
eliminating household heads over the age of 60 [44]. As illustrated in Table 7, all robust-
ness tests confirm the adverse impact of climate change perceptions on the adoption of
conservation tillage technology. Therefore, the hypothesis is substantiated, and the model
remains resilient.
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Table 7. Robustness testing of the impact of climate change perceptions on conservation tillage

technology adoption.
1) (2) 3) @)
Variable y y y y
Perception —0.8054 *** —0.2431 ** —0.5300 *** —0.6504 ***
(—5.49) (—2.34) (—3.10) (—=2.73)
Control variables Yes Yes Yes Yes
/cutl —1.0912 ** 0.0480 —0.0771 0.2759
(—2.14) (0.08) (—0.13) (0.33)
/cut2 —0.5251 1.5662 *** 1.2585 ** 1.5182*
(—1.03) (2.76) (2.18) (1.84)
/cut3 —0.3643
(—-0.72)
Observations 684 672 684 421

** % and * represent significance at the 1%, 5%, and 10% levels, respectively; standard errors are shown in the
parenthesis.

4.6. Analysis of the Moderating Effect of Farmers’ Self-Systems

In Section 4.4, we demonstrated the hindering impact of climate change perceptions on
farmers’ adoption of sustainable agricultural technologies. This can be attributed to farmers’
ambiguous aversion traits, lack of preparedness, and unawareness of the technology’s
benefits. So, what steps can we take to mitigate this disincentive? Studies indicate that
enhancing farmers’ understanding of climate change through adaptation initiatives can
boost their receptiveness [59], thereby promoting adaptive behavior. In this context, we
put forth the competitiveness variable to characterize farmers” self-systems for green
agricultural production technology adoption. Competitiveness can be nurtured if farmers
develop resilient self-systems [60]. Specifically, we examine the moderating influence of
farmers’ competitiveness on the impact of climate change perceptions on the adoption of
sustainable agricultural technologies, considering their personal literacy, resource base,
technology awareness, and sense of security. This will aid government departments in
devising policies to surmount hurdles to effective adaptation.

Based on the results of columns (1) and (2) in Table 8, the negative effect of climate
change perceptions on conservation tillage technology adoption is no longer significant
when farmers’ years of education are greater than the mean. It indicates that education has
a positive effect on perceptions. This is in line with the findings of Roco et al. (2015) [49]
and Tiet et al. (2022) [61] that more educated farmers are more literate and are more able
to adopt green production technology in agriculture. The level of education of farmers is
always assumed to be a factor in increasing the adoption of new agricultural practices [62],
as farmers with more education are more enthusiastic about how to access information
on improved tillage technology and have a better understanding, acceptability, and thus
greater willingness to adopt conservation tillage technology. As argued by Jha and Gupta
(2021) [17], farmers” education level has a significant relationship with knowledge-intensive
agricultural adaptative strategies.

From the regression results in columns (3) and (4), the negative effect of climate change
perceptions on conservation tillage technology adoption is no longer significant when
farmers have a better resource base. Chalak et al. (2017) [15] and Ahmed et al. (2021) [31]
also supported these findings. We can also give an explanation in terms of social networks.
If farmers are able to actively follow information about weather changes on TV, mobile
phones, etc., it means that they are more likely to engage in social networks [49].

In terms of technology awareness, according to the regression results in columns (5)
and (6), when farmers’ technology awareness is greater than the mean (when farmers are
more technologically aware), the coefficient of climate change perception is negative but
not significant. When farmers’ technology awareness is less than the mean (farmers are less
technologically aware), the climate change perception is significantly negative, indicating
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that smallholder farmers’ technology awareness can weaken the inhibitory effect of climate
change perceptions on conservation tillage technology.

Table 8. The moderating effect of farmers’ self-systems.

) Personal Literacy Resource Base Technology Awareness Security
Variable High Low Good Bad Strong Weak High Low
Perception —5.0409  —0.5079 ***  —0.3532  —0.8737 *** —0.3264 —0.6702**  —0.4525**  —0.9051 **

(—0.02) (—2.81) (—1.59) (—3.03) (—1.02) (—3.14) (—2.27) (—2.32)
Control variables Yes Yes Yes Yes Yes Yes Yes Yes
/cutl —3.7918 —0.4035 —1.0000 1.0564 —0.0332 —0.0155 0.1397 —0.8607

(—0.01) (—0.66) (—1.34) (1.08) (—0.03) (—0.02) (0.20) (—0.80)
/cut2 —1.9786 0.8914 0.2670 2.5377 ** 1.3438 1.3418 * 1.4541 ** 0.6444

(—0.01) (1.45) (0.36) (2.57) (1.31) (1.87) (2.09) (0.60)
Observations 106 578 431 253 232 452 507 177
p-value 0.03 0.07 0.05 0.10

** % and * represent significance at the 1%, 5%, and 10% levels, respectively; standard errors are shown in the
parenthesis.

Focusing on the variable of security, the regression results in columns (7) and (8) show
that, when security is below average, the coefficient of the climate change perception is
—0.9 and is significant at the 5% level of significance. When security is above average,
the coefficient of the climate change perception is —0.4, which is also significant at the 5%
level of significance. Overall, the disincentive effect of climate change perceptions on the
adoption of conservation farming technology is reduced. It can be seen that, the more
financial resources available to the household, the more inclined it is to adopt conservation
tillage technology. This is because financial security can provide farmers with a sense of
security by helping them to meet some of their consumption, noted needs [17,53,63]. For
the areas of concern in this study, farmers are the most marginalized. Helping them to meet
some of their consumption and expenditure needs is a way to weaken the marginalization
effect, and increasing income becomes no choice. Because smallholder farmers are less
qualified overall, they are more interested in green agricultural production technology that
can satisfy their families” livelihoods and which are easy to control [64,65]. Furthermore,
farmers are more concerned with short-term returns than with long-term returns. Therefore,
a sense of security can go some way to alleviating the farmers” worrying emotions.

It can be seen that, with regard to climate change, adaptative strategies should consider
the overall competitiveness of farmers and self-systems to mitigate the intensity of the
adverse effects of climate change.

4.7. Endogenous Problem

There is a possibility of encountering endogeneity problems in this study, which can
lead to misestimating the coefficients and marginal effects of climate change perception.
The endogeneity problem arises from two primary sources. Firstly, two-way causality arises
between individual behavior, which is essentially the accumulation of individual experi-
ences. After making the decision, farmers decide whether to learn based on their individual
experiences and group experiences, and then change their perceptions accordingly. Here, it
can be noted that there may exist a bidirectional causal relationship between climate change
perceptions and farmers” adoption behaviors of conservation tillage technology. Although
the focus of this study is on the impact of climate change perceptions on farmers’ adoption
of conservation tillage technology, these adoption behaviors, in turn, affect farmers’ climate
change perceptions. Secondly, even though we included multiple control variables to
manage the situation, there might still be a problem with omitted variables. The lack of
control and management of factors that affect both climate change perceptions and the
adoption of conservation tillage technology results in self-selection bias.

We use a conditional mixed process (CMP) to address the estimation bias due to
endogeneity issues [66]. First, we need to find a reasonable instrumental variable for the
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endogenous explanatory variables. Specifically, “My village officials encourage me to pay
attention to weather changes and prevent weather hazards” is used as an instrumental
variable for farmers’ climate change perceptions, and re-estimates the model through the
CMP method. This variable is selected as an instrumental variable for two reasons. Firstly,
if the village leader encourages farmers to pay attention to weather changes, then farmers’
perceptions of climate change can be enhanced to some extent, which will impact the
adoption behavior. Secondly, it is difficult to translate the encouragement of village leaders
alone into farmers” own autonomy to pay attention to climate change information.

In the first stage (Table 9), the variable of IV is negative and the F-value is greater
than 10, which means the weak instrumental variable problem is ruled out; in the second
stage, climate change perceptions are negative, and the absolute value of the marginal
effect is greater than the corresponding result in the baseline regression, indicating that
the endogenous nature of climate change perceptions leads to its influence on farmers’
conservation tillage technology adoption. This suggests that the endogeneity of climate
change perceptions may lead to an underestimation of its impact on farmers” adoption
behavior. In conclusion, the estimation results based on the CMP method suggest that
climate change perceptions will hinder farmers’ technology adoption behavior.

Table 9. Endogeneity test.

. S S ds Marginal Effects
Variabl irst Stage econd Stage
anable 8 § Adoption=1 Adoption=2 Adoption=3
Perception —2.7911 *** 0.7421 ** 0.214 * —0.9559 ***
P (0.24) (0.21) (0.13) (0.09)
—0.0378 ***
v (0.01)
Control variables Yes Yes Yes Yes Yes
F (the first stage) 13.84
1.1818 ***
atanhrho_12 [0.000]
Observations 684 684 684 684 684

** % and * represent significance at the 1%, 5%, and 10% levels, respectively; standard errors are shown in the
parenthesis.

5. Discussion

In developing countries, climate change and natural disasters pose significant prob-
lems for poverty eradication, food crises, and public health issues [67]. Improving farmers’
adoption of adaptive climate change technology is an important issue in agricultural re-
search. The China Blue Book on Climate Change (2022) highlights China’s vulnerability
to climate change. China is among the major drought-prone countries where most dry
farming areas still rely on traditional farming methods. In recent years, climate change
has exacerbated soil structure damage, reduced soil water and fertility content, and led
to dust storms, soil erosion, droughts, severe wind erosion, and sandstorms, all of which
pose serious challenges to land use. As such, it is vitally important to explore sustainable
tillage technology systems that are suitable for China’s national conditions. This study
incorporates ambiguity aversion into climate change adaptation theory and constructs a
theoretical framework of climate change perception — uncertainty aversion — adaptive
behavior. We measured climate change perception variables in terms of climate change
risk and prevention difficulty, and validated the hindrance effect of current climate change
perceptions on farmers’ ambiguous decision-making behavior. We also examined the
feasibility of farmers’ self-systematic mitigation of the low-technology adoption puzzle
in the following four dimensions: farmers’ personal literacy, the possession of resources,
technology awareness, and a sense of security.
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5.1. Hindering Effects of Climate Change Perceptions on Sustainable Agricultural
Technologies Adoption

The dominant belief in the literature is that climate change, coupled with low self-risk
coping capacity, affects the perceptions of risk [61,68]. Our study, however, reaches a
different conclusion. Prior research has shown that farmers have been able to adapt to
weather extremes on their own over time [69]. Nevertheless, the adoption of conservation
tillage technology involves an ongoing investment in agricultural technology. Sustainable
practices are negatively associated with economic goals but are positively associated with
conservation goals and lifestyle [70]. Hence, farmers’ responses are mainly motivated by
“fruits within reach” [60], as the adoption of conservation tillage is a continuous behavior
aimed at economic gain. Resistance to change or inherent inertia among farmers might
also explain the low adoption rate of sustainable practices [22]. There is a widespread
status quo bias among farmers [71], leading to a systematic tendency to maintain the status
quo. In terms of “time discounting”, agricultural practices often require immediate costs,
such as investment in conservation tillage machinery, while the benefits take longer to
manifest. Additionally, the benefits of conservation farming are more uncertain than those
of conventional farming [72]. Overall, we attribute the low technology adoption rates of
smallholder farmers to their ambiguity aversion traits, their lack of preparedness, and the
invisible effects of sustainable agricultural technologies itself.

5.2. Factors That Can Help Farmers Achieve Adaptation

Referring to the control variables, we observe that farmers” age will hinder their
adoption of conservation tillage technology. There is widespread agreement in the literature
that young people have higher environmental awareness, which suggests that the voluntary
adoption of conservation tillage technology should target young people to be more cost-
effective [17]. Therefore, governments and organizations should fully account for group
differences [61]. For example, governments should fully consider the age of the targeted
beneficiaries when allocating subsidies.

The coefficient of labor is significant and negative, which is expected, since conserva-
tion tillage technology is a labor-saving technology that relies on mechanized operations.
Consequently, farmers tend to use technologies to reduce labor input, especially smaller
households with less available labor. This finding aligns with Guo et al. (2022) [55], who
found that labor availability is a root cause of farmers’ technology adoption behavior. In
China, the “half worker, half farmer” characteristic is prevalent, and urban migration and
off-farm employment are on the rise. Rational economic behavior reinforces the adoption of
conservation tillage technology among farmers [56,57]. Since China had largely alleviated
poverty by 2020, rural areas might be experiencing increased brain drain owing to the non-
farm income effect, which drives large labor migration between urban and rural areas [73].
Therefore, future efforts should focus on promoting agricultural technology adoption in
rural households to address labor availability and help boost economic well-being.

The difficulty of acquiring conservation tillage machinery and the operational effec-
tiveness of conservation tillage machinery is both significant and positive. This is consistent
with the view that the availability of new technology is a prerequisite for farmers to adopt
it. The use of conservation tillage technology by small-scale farmers is mainly achieved
through specialized farm machinery services. Our findings indicate that, for farmers with
two crops a year, if they cannot hire a deep loosener at the time of operation, they will
abandon the adoption of deep loosening technology. Therefore, farmers can only adopt
sustainable agricultural technologies with confidence when it is better served and when
they are satisfied with the results [55].

5.3. Improving Farmers’ Self-Systems Helps Mitigate the Disincentivizing Effect of Climate
Change Perception on Sustainable Agricultural Technologies Adoption

We verify an inhibiting effect of climate change perception on farmers” sustainable
agricultural technology adoption behavior. This is attributed to farmers” ambiguous aver-
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sion traits, farmers’ lack of preparedness, and the invisible effects of green agricultural
production technology itself. How, then, can we mitigate this disincentivizing effect?
Competitiveness is introduced to characterize farmers’ self-systems for adopting green agri-
cultural production technology. Competitiveness can be developed if farmers themselves
are able to develop resilient self-systems [60].

To promote the adoption of green agricultural production technology among farmers,
various factors need to be considered. First, improving farmers’ literacy levels can help
them to better understand the benefits of adopting green agricultural production technol-
ogy. Farmers with higher levels of education are more likely to seek information about new
technologies and have a long-term awareness of their development [20,28]. This can be
achieved through various awareness programs or training tailored to their specific needs.
Second, farmers need to have access to networks that can provide them with relevant infor-
mation about climate data and overall farm management practices [60]. With the increasing
availability of Internet connectivity, promoting information sharing and networking be-
tween farmers can be an effective strategy [49]. This will not only provide them with the
knowledge they need to succeed but also help accelerate the transfer of information among
different groups of farmers. Third, smallholder technology awareness plays a vital role in
promoting the adoption of sustainable practices. Awareness includes knowledge of the
technology itself as well as the costs and benefits that can be derived from it [22]. Encour-
aging active learning and increasing farmers’ willingness to learn about green agricultural
production technology can be facilitated through farmer field schools, extension educators,
and peer-learning platforms [52,63]. Lastly, it is essential to provide farmers with adequate
funding security to meet their consumption and expenditure needs. The disincentivizing
effect of climate change perceptions on green agricultural production technology adoption
can be reduced by improving overall household security [17]. Abid et al. (2016) [1] sug-
gested that farmers” adoption of climate change mitigation measures is closely related to
their income. It is crucial, then, to provide farmers in climate-sensitive areas with more
livelihood opportunities that complement their adaptive behaviors and help support their
sense of security.

In conclusion, promoting green agricultural production technology adoption among
farmers requires a multifaceted approach that can address their specific needs. By focusing
on enhancing literacy levels, expanding access to networks, increasing smallholder tech-
nology awareness, and improving farmers’ overall sense of security, we can establish a
self-system that promotes the adoption of sustainable practices.

5.4. Limitations

We assessed the willingness of Chinese smallholder farmers to adopt a green produc-
tion technology, conservation tillage, using rich farmer survey data within two provinces in
northern China. However, the current study has some limitations. First of all, we know that
conservation tillage technology has both economic and ecological attributes. The former
involves farmers’ private interests, while the latter is a public good that requires collective
negotiation and joint adoption in order to realize its ecological effects. Unfortunately, our
study does not consider the impact of collective action on farmers’ technology adoption
behavior based on the ecological effects of conservation tillage technologies.

Second, in the context of climate change, farmers” adaptation strategies are gradually
diversifying, and they tend to adopt more than one strategy for their livelihoods. This
phenomenon is known as livelihood resilience [31]. However, our study focused only on
conservation tillage technology and did not include related other technologies in the model
for a unified analysis.

Third, climatic factors include various aspects such as an increase/decrease in temper-
ature and precipitation levels, regional monsoon variations, and the incidence of localized
climatic extremes (e.g., floods, droughts, cyclones, and frosts). However, our study only
focused on the frequency of droughts, heavy rainfall and flooding, and low temperature
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and cloudy rain with high wind and hail. In the future, there is a need to construct a more
complete climate change perception matrix.

Finally, Climate change includes not only changes in mean values but also changes in
variability. Unfortunately, due to the limited availability of data at this stage, we have not
yet included variability as part of the study. In the next step of the study, we will take the
changes in climate variability into account in order to obtain more valuable conclusions.

6. Conclusions

As a psychological factor, the perception of climate change is complex. This study
assessed how farmers’ climate change perceptions influence their conservation tillage
technology adoption decision making based on a microlevel assessment of survey data
collected in four districts and counties in the Shaanxi and Shanxi Provinces in northern
China. We confirm that climate change perceptions hinder the adoption of conservation
tillage technology, thus providing new empirical evidence regarding the slow adoption of
innovative technology in rural China. We also identified the potential benefits of enhancing
individual competitiveness, alleviating ambiguity aversion, and promoting conservation
tillage technology adoption based on the following four aspects: farmers’ individual literacy,
resource base, technology awareness, and sense of security. Our results provide useful
insights into the importance of farmers’ climate change perceptions.

According to baseline regressions, the situational memory of practices might be used
to drive farmers’ adaptation [74]. Of course, timely information about local climate change
hazards could also be recorded and made available to local farmers through visualization
and simplification. This could play a direct role in helping farmers improve their climate
change perceptions. The existing literature generally agrees that the adoption of sustainable
practices is negatively associated with economic goals and positively associated with
lifestyle and conservation goals [70]. Therefore, governments should guide farmers in the
direction of the conservation goals of sustainable agricultural production technologies in a
profitable manner. Of course, there is also a need to provide the necessary skills to avoid
complex agricultural policy schemes.

Our findings point to a number of actions that could help farmers achieve adaptation.
First, the adoption of sustainable agricultural technology should target younger people,
which will be more cost-effective. For governments and organizations, policy implemen-
tation should take full account of group differences. In the case of conservation tillage
subsidies, for example, the age of the target beneficiary needs to be fully considered. Second,
conservation tillage technology saves labor, and policy formulation should pay attention to
the household demographics of smallholder farmers. At the same time, improved technical
services for sustainable agricultural technologies are necessary. Given that small-scale
farmers mainly realize the use of conservation tillage technology through specialized farm
machinery services, the government should provide farmers with improved farm machin-
ery rental services during the busy season to enhance the effectiveness of conservation
tillage operations.

Regarding the regulation effect, we should help farmers build up their own systems
in various ways. If farmers themselves can build resilient self-systems, they can become
competitive [59]. It is important, for example, to increase the investment in education
in underdeveloped rural areas, thereby increasing their knowledge of green agricultural
production technologies. We should also provide farmers with extensive information and
broaden their access to information to help them adapt to climate change using appropriate
agricultural technologies and practices. Moreover, we should increase publicity on the
value of conservation tillage for reducing costs, improving efficiency, and protecting the
environment, while also raising farmers’ awareness of technology. We should strengthen
the agricultural infrastructure to reduce the cost of production for smallholder farmers and
increase their adoption rate of production technology. Finally, we should provide more
livelihood opportunities for farmers in climate-sensitive areas to increase their income and
alleviate their concerns about investing in technology.
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Appendix A

Risk Preference Experiment

Stage 1, Test Game: The farmers are told that there are three black balls and three red
balls in the bag, and that the rewards for winning the black ball and the red ball are shown
in Table A1, respectively.

Plan A and B, the tested farmer’s choice is ___ (note: only the farmer who chooses
Plan 2 is allowed to continue the game).

Table Al. Test games (unit: Yuan).

Plan 1 Plan 2

Options Red ball Black ball Red ball Black ball
15 20 16 21

Stage 2, Formal Testing: After the respondents have tried and familiarized themselves
with the rules of the experiment, the investigator provided 10 sets of test games, each of
which included both low-risk and high-risk reward schemes. The investigator provided
10 sets of test games, with each set of test games including two reward schemes, low risk
and high risk, and the respondents choose the risk for all 10 sets of games. Respondents
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chose either Reward Plan 3 or Reward Plan 4 from each of the 10 sets of games, with Reward
Plan 3 being the low-risk option and Reward Plan 4 being the high-risk option. The focus of
the second stage was to have the respondents understand the difference between the risky
option they chose and the final option they chose. The second stage focuses on making the
respondents understand that their choice of the risky option is directly related to the final
payoff, so as to ensure that the information they show about their risk preferences is true
and credible. In this stage, the study set up two premises, deterministic probability and
fuzzy probability, to measure the degree of risk preference for deterministic probability and
fuzzy probability, respectively.

(1) Respondents are explicitly told that there are three black balls and three red balls
in the bag: the number of respondents choosing Plan 4 is (See Table A2).

Table A2. Experimental program (unit: Yuan).

Plan 3 Plan 4
Options
Red Ball Black Ball Red Ball Black Ball

1 20 20 22 18

2 20 20 23 17

3 20 20 25 15

4 20 20 35 15

5 20 20 37 13

6 20 20 40 10

7 20 20 52 8

8 20 20 54 6

9 20 20 56 4

10 20 20 60 0
The first time a farmer jumps from Plan3 to Plan 4 is Option ____ [the number should

be: 0-10]; let the farmer take any set of options for the actual experiment.

The farmer’s payoffis ___ yuan [the amount in the table x 0.1];

(2) Tell the respondents that the bag contains a total of 6 cards of different numbers of
red and black balls, and that they only know that there will be more balls of a certain color,
and repeat the test. Repeat the 10 sets of test games in Table A2, the number of respondents
who chose Plan4 _____ (See Table A3).

Table A3. Experimental program (unit: Yuan).

Plan 3 Plan 4
Options
Red Ball Black Ball Red Ball Black Ball

1 20 20 22 18

2 20 20 23 17

3 20 20 25 15

4 20 20 35 15

5 20 20 37 13

6 20 20 40 10

7 20 20 52 8

8 20 20 54 6

9 20 20 56 4

10 20 20 60 0
The first time a farmer jumps from Plan 3 to Plan 4 is Option ____ [the numbers should

read: 0-10]; let the farmer take any set of options for the actual experiment. The farmer’s
payoffis ___ [the amount in the table x 0.1].

Appendix B

Measurement of technology awareness
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Variables Questions

Question 1: Which of the following technologies are conservation tillage
technologies? (1 = Minimum tillage sowing; 2 = No-tillage sowing; 3 = Subsoiling;
4 = Straw returning; 5 = Integrated pest and weed management)
Question 2: What are the effects of conservation tillage technologies? (1 = Savings
and efficiency; 2 = Improvement of the soil; 3 = Control of soil erosion; 4 = Water
Level of technical knowledge storage and moisture conservation; 5 = Reduction of greenhouse gas emissions)
Measurement: The number of responses to the two questions was summed and
re-assigned to the household, specifically: 5 and below is assigned a value of 0,
indicating that the household is not very knowledgeable about conservation tillage
technology; 6 and above is assigned a value of 1, indicating that the household is
more knowledgeable about conservation tillage technology.

Do you think conservation tillage technology is complicated and cumbersome?

Perceptions of technology facilitation (1 = Yes, 0 = No)

Question 1: What do you think is the impact of conservation tillage technology on
crop yields?

Question 2: What do you think is the impact of conservation tillage technology on
labor?

Question 3: What do you think is the impact of conservation tillage technology on

Perceptions of techno-economic efficiency ~ chemical fertilizer and pesticide inputs?

Question 4: What do you think is the impact of conservation tillage technology on
the cost of machinery operation?

(1 = Increase 2 = Almost no effect 3 = Decrease)

Measurement: Sum up the numbers corresponding to the options given by the
farmer in response to the above questions.

Perceptions of the environmental benefits of Do you think the implementation of conservation tillage technology has improved

technology the ecological environment? (1 = Yes, 0 = No)

Notes

1

Uncertainty includes risk and ambiguity; risk: the probability distribution of planting benefit is known; ambiguity: the probability
distribution of planting benefit is unknown. In the case where objective probability is unknown and subjective probability
is difficult to determine accurately, Ellsberg (1961) separated ambiguity preference from risk preference and expressed it as
ambiguity, proposing the famous Ellsberg paradox. (Ellsberg, D. 1961. Risk, ambiguity, and the Savage axioms. Q. J. Econ. 75(4),
643-669).

Yongshou County includes the five towns of Changning Town, Ganjing Town, Duzi Town, Dian Tou Town, and Jianjun Town;
Heyang county includes the five towns of Wangcun Town, Lujing Town, Heichi Town, Xinchi Town, and Fang Town; Yaodu
District includes the five towns of Jindian Town, Tumen Town, Qiaoli Town, Wucun Town, and Xiandi Town; Pinglu County
includes the five towns of Sengrenjian Town, Zhangdian Town, Sanmen Town, Changle Town, and Podi Town.

“Mu” is a Chinese municipal unit of land area, widely used in rural areas of China: 1 mu~666.67 square meters.

4 Relevant documents and data sources: www.shaanxi.gov.cn; www.gov.cn.

> For China, its monsoon weather impact extends northward in the first half of June of each year.
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