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Abstract: Enhancing rural ecological protection and promoting the adoption of environmentally-
friendly agricultural production practices largely depend on the implementation of green production
methods by farmers. This research paper focuses on the green production behavior of farmers in
Hainan Province, China, drawing insights from survey responses provided by 543 farmers. The
study examines how farmers’ capital endowment, ecological cognition, and environmental regulation
impact their multiple green production practices, using the ordered probit model, mediation effect
model, and moderation effect model for analysis and further applying the Ivoprobit_CMP, PSM,
and other methods for endogeneity treatment and a robustness test. The study reveals several key
findings. Firstly, only a small proportion of farmers consistently adopt green production practices
throughout various stages of agricultural production. Secondly, the research shows that capital
endowment, including natural, economic, human, and social capital, has a significant influence on
farmers’ green production behavior. Thirdly, the study finds that ecological cognition plays a crucial
role in mediating the relationship between capital endowment and its dimensions (human and social
capital) and the adoption of green production practices. Additionally, the research discovers that
environmental regulation positively moderates the relationship between ecological cognition and
farmers’ green production behavior. Finally, the research indicates that factors such as ethnicity,
fluctuations in agricultural production, and the location of the village agricultural waste collection
site are all significant determinants of farmers’ engagement in green production practices. The study
also identifies significant regional disparities in farmers’ adoption of green production practices. To
address the issue of farmers’ low adoption of green production practices, the paper recommends
promoting the overall green transformation of the entire agricultural production process. This
can be achieved by enhancing farmers’ capital endowment in multiple dimensions and improving
their ecological cognition through various channels. Additionally, creating a supportive external
environment that aligns with green production practices is deemed critical.

Keywords: farmers’ green production behavior; capital endowment; ecological cognition; environ-
mental regulation

1. Introduction

The traditional “high-input, high-consumption, high-emission” agricultural produc-
tion model has overdrawn the ecological dividend and has caused various nonnegligible
consequences for China’s agriculture and rural areas, such as resource tension, environmen-
tal pollution, and ecological degradation [1]. According to statistics, in 2019, China applied
54.036 million tons of fertilizers, used 1.392 million tons of pesticides, generated 870 million
tons of crop straw, used 2.465 million tons of agricultural films, and discarded pesticide
packaging of about 3.5 billion pieces [2]. Due to the large base of fertilizer and pesticide use
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and waste generation, the situation regarding sustainable agricultural and rural develop-
ment is severe. Modifying the conventional production mode and promoting agricultural
green production is a practical solution to address resource, environmental, and ecological
issues [3]. Agricultural green production refers to a novel production mode that achieves
resource conservation, pollution reduction, efficient output, and sustainable development
through a series of scientific agricultural techniques and rational field management [3].
Green investment and improvement in pre-production, green technology adoption in mid-
production, and integrated management of the farmland in post-production are the three
linkages covered [4,5]. Green production has the potential to achieve coordinated economic,
social, and ecological development. Li et al. [6] found that green production technologies
adoption significantly boosted the technical efficiency of rice production by 18.8% to 24.5%.
Benitez-Altuna et al. [7] pointed out that the extensive global practice of green production
confirmed its functions of enhancing ecosystem services, increasing agricultural produc-
tivity and profitability, and reducing the use of agricultural inputs. Farmers are the main
implementers of agricultural green production. Based on the definition of agricultural
green production, farmers’ green production behavior means that farmers consciously
engage in reduction, reuse, low pollution, and multi-benefit production methods within
all stages of agricultural production. It includes practices such as conservation tillage,
water-saving irrigation, application of farmyard manure and organic manure, formula
fertilization, and utilization of agricultural waste [8].

Despite the multiple benefits of agricultural green production, farmers’ motivation
for green production is generally lower than expected, and the extensive operation model
that relies on resource consumption is unchanged [9]. There should be a clarity on the
grim situation and the arduous task facing China’s agricultural green production [3].
Xu et al. [10] argued that Chinese farmers’ characteristics contribute to the decentralized,
diverse, and complex nature of agricultural production. As the actual practitioners of green
production, farmers’ green production behavior constitutes the foundation for the smooth
implementation of agricultural production’s green transformation and is directly related to
the governance of ecological and environmental issues [8]. Therefore, it is significant to
clarify the decision-making mechanism of farmers’ green production behavior.

Farmers’ green production behavior is largely determined by both internal and ex-
ternal factors [11,12]. Furthermore, Zhu and Deng [13] pointed out that the effective
connection and mutual support of capital endowment, ecological cognition, and environ-
mental regulation create conditions for farmers’ green production behavior, and these
three factors play a fundamental, guiding, and driving role in the generation logic of
green transition.

In terms of internal factors, capital endowment refers to the various resources and
capabilities that a household and its members possess innately or acquire later and can
use as objective support to sustain production and livelihood [14,15]. Capital endowment
objectively represents farmers’ behavioral capabilities and ultimately determines the ac-
tual level and effectiveness of green production [16]. A large number of studies have
reached a consensus on its positive effect [17–20]. Previous studies have comprehensively
examined farmers’ capital endowment at the aggregate and subdimensional levels, since
capital endowment is an integrated concept, and a single variable’s explanatory power is
limited [21,22]. He et al. [23] affirmed the decisive role of farmers’ capital endowment on
agricultural waste reuse and found that social, human, and physical capital significantly
increase farmers’ willingness to reuse agricultural waste.

Ecological cognition is a comprehensive expression of farmers’ knowledge reserves,
behavioral tendencies, and responsibility awareness towards rural ecology, formed through
exposure to external ecology and perception of the interdependence between agriculture
and ecology [24]. Scholars agree that ecological cognition is multidimensional [15,25], but
previous studies have mainly focused on the environmental perspective [26–28], posing a
problem when building indicators of ecological cognition. Gosling and Williams [29] noted
that concern for other biological groups can better promote environment-friendly behavior.
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Ecological cognition can effectively drive farmers to adopt green production [30–32]. Zhang
et al. [33] based on the data from 924 Chinese farmers concluded that ecological concerns
contributed the most to farmers’ willingness to reduce pesticides. In contrast, according
to Ren et al. [22], there was no substantial consistency between ecological cognition and
farmers’ green production. Qing et al. [28] found that higher ecological perception did not
necessarily lead to ecological improvement behaviors. Hence, indicator selection and the
effect of ecological cognition need to be further explored.

In terms of external factors, the public goods attributes of agricultural resources,
ecology and environment, and the externalities of traditional agricultural production
provide the economic logic for environmental regulation intervention. Environmental
regulation pertains to the guidance and constraints that government enforces regarding
farmers’ behavior, utilizing its institutional resources to mitigate resource waste, environ-
mental pollution, and ecological destruction [34]. Environmental regulation can regulate
farmers’ involvement in green production and negative externalities and thus reconcile
conflicts between agricultural development, environment, and ecology [3]. However, Pemsl
et al. [35] and Zhang et al. [1] proposed that government “top-down” regulation suffers
from “institutional failure”. Environmental regulation focused on long-term benefits cannot
fundamentally reverse farmers’ preference for short-term benefits [9], and the difficulty
of enforcing regulation makes it difficult to adjust farmers’ behavior effectively [36]. So,
whether environmental regulation influences farmers’ green production behavior is far
from settled.

The current research is of crucial importance to this paper. However, there is room for
improvement. First, most of the existing research selects one or several green production
methods or technologies in a particular link as a characterization of farmers’ green produc-
tion behavior, which is a single and one-sided choice [10,32,37]. Second, a limited amount
of research focuses on concurrently incorporating capital endowment, ecological cognition,
and environmental regulation into the theoretical framework. Third, the dimensional
expansion of the evaluation indicators of ecological cognition has yet to be studied well.
Fourth, few studies have been conducted on encouraging farmers in Hainan Province to
become involved in green production based on survey data. Hainan is a national pioneer
area for agricultural green development. Still, the agricultural green development level is
lower than that of the country as a whole. The high resource input, low nutrient utilization
efficiency, and high environmental pollution emission are contrary to the development
goals [5].

This study makes four key contributions to filling the gap in this field. First, farmers’
multiple green production behaviors chosen in this paper can encompass the prominent
linkages of agricultural production, including soil testing and formulated fertilization
technology in pre-production, organic fertilizer application in mid-production, straw re-
turning, pesticide packaging waste recycling, and agricultural mulch film recycling in
post-production. Second, this study further elaborates on the underlying impact mecha-
nism of farmers’ green production behavior by unifying the capital endowment, ecological
cognition, and environmental regulation. Third, by introducing ecologically-focused in-
dicators like “biodiversity” and “two mountains theory”, this research reconstructs the
ecological cognition dimensional space and comprehensively extracts ecological cognition.
This optimization in measuring ecological cognition improves the explanatory power of
farmers’ green production behavior compared to previous studies. Fourth, this paper ex-
plores reasons for farmers’ low participation in green production, contributing to a reliable
theoretical and empirical basis for the green transformation of agricultural production in
Hainan Province.

The remainder of the paper is organized as follows. Section 2 provides the theoretical
framework. Section 3 describes the data, variables, and methods. Section 4 reports the
main empirical results. Section 5 presents the discussion. Section 6 concludes.
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2. Theoretical Framework

Farmers’ behavior is profoundly affected by capital endowment. For farmers to attain
sustainable agricultural production, relying on just one asset is challenging; instead, they
must have a variety of capital endowments [38,39]. Capital endowments that farmers are
expected to have to support green production include natural, economic, human, and social
capital [40].

Natural capital is reflected as the natural conditions for farm households to carry
out agricultural production and operation. For the sake of scale economies, farmers will
tend to practice green production if they have larger farmland to achieve the scientific
management of resource input and reduce the average cost of agricultural production [41].
Meanwhile, concentrated and flat farmland is advantageous for farmers to implement
large-scale operations and mechanized production, which facilitates the green transforma-
tion of agricultural production [8,42,43]. Economic capital is a type of capital that can be
converted into a monetary form or institutionalized as property rights to provide economic
benefits to farm households [39]. Economic capital provides an important prerequisite
and guarantee for farmland’s green investment. Agricultural assets such as income, land
property right, and machinery are often considered economic capital measures [11,44,45],
and their holdings reflect the importance farmers attach to agriculture and are significantly
associated with increased green production behaviors [46]. Human capital consists of
farm households’ labor capacity, health status, and the accumulation of qualities acquired
through investment in skills, practices, or literacy [37]. Households with a greater labor
force have broader access to livelihoods; so, family agricultural laborers have more energy
to concentrate on green production management [23]. In addition, the quantity and quality
of labor are essential guarantees of agricultural management with a significant impact on
the production methods of farmers [16]. Social capital refers to the resources obtained
within a specific social structure, such as social networks, trust, and involvement [47]. Farm-
ers obtain information on agricultural green production through social capital to reduce
the uncertainty of participation [48,49]. Interaction and trust in the government, village
committee, village cadre, and other social subjects can reduce transaction costs of initiators
and participants and advance coordination and cooperation in green production [50]. Thus,
we propose the following hypothesis:

H1. Capital endowment and its dimensions have a significant positive impact on farmers’ green
production behavior.

Ecological cognition mainly includes the perception of ecological status [31], the knowl-
edge of ecological policies [28], the awareness of responsibility for ecological protection [51],
and the understanding of green production and living actions [52,53]. The bounded ra-
tionality hypothesis of behavioral economics suggests that information incompleteness
due to limited ecological cognitive capacity constrains the rational limits of farmers’ green
production behavior [54,55]. Ecological cognitive completeness can reduce farmers’ green
production behavior deviation from rationality. Farmers’ expectations of eco-efficiency will
significantly rise once they realize that the benefits of ecological conservation outweigh the
costs. The shift from economic to ecological rationality will lead to more responsible atti-
tudes and behaviors toward ecology, thus promoting green production [56], consequently,
the stronger the intrinsic motivation of farmers to alleviate ecological and environmental
problems through green production becomes. Thus, we propose the following hypothesis:

H2. Ecological cognition has a significant positive impact on farmers’ green production behavior.

Environmental regulation can foster farmers’ green production willingness through
education and training initiatives, as well as increase the cost of noncompliant production
practices through supervision and penalty activities, thereby regulating farmers’ production
behavior [57]. The greater the intensity and frequency of environmental regulation, coupled
with effective enforcement, the more likely farmers are to embrace green production
practices [10]. Farmers’ green production decisions tend to be more rationalized under the
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influence of environmental regulation [58]. Under certain institutional situations, the costs
of farmers’ behavior that is compatible with the environment will decrease, while the costs
and utility losses incurred by farmers’ violations will increase. After weighing the costs,
rationality will motivate farmers to adopt the green production decision to maximize their
utility [59]. Thus, we propose the following hypothesis:

H3. Environmental regulation has a significant positive impact on farmers’ green production behavior.

Farmers’ ecological cognition is influenced by their capital endowment [60]. In con-
crete terms, farmers will prioritize the ecological environment for sustainable agricultural
growth when agriculture becomes more important due to increased natural capital [61]. As
economic capital increases, according to Maslow’s hierarchy of needs, farmers will develop
a higher level of security needs for the ecological environment after satisfying their basic
survival needs [62]. The greater the human capital possessed by farmers, the more they
can be guided to view green production from a developmental perspective and visibly
enlighten their awareness and emotions about ecological conservation [63]. Plentiful social
capital can disseminate knowledge and information related to green development and
promote farmers to develop a high level of ecological cognition [64]. In addition, ecological
cognition may contribute significantly to farmers’ green production behavior. Therefore,
we propose the following hypothesis:

H4. Ecological cognition mediates the relationship between the overall and subdimensional capital
endowments and farmers’ green production behavior.

Environmental regulation plays a crucial moderating role in the influence of capital
endowment and ecological cognition on farmers’ green production behavior. On the one
hand, Farmers’ participation in green production is the aim of environmental regulation.
However, compliance cost theory suggests that environmental regulation that internalizes
the externalities of “non-green” production will raise farmers’ production costs and crowd
out the original capital endowments investment [65]. If farmers lack sufficient capital
endowments to bear the cost of environmental regulation and to support the adoption of
green production, the dominance of the compliance cost effect will result in the fact that the
stricter the environmental regulation, the less it will guarantee farmers’ green production
behavior [66]. On the other hand, according to the “cognition–situation–behavior” theory,
environmental regulation as a crucial situational factor can exert an impact on the process
of cognition leading to behavior [67]. When environmental regulation changes, farmers
reinforce their ecological cognition based on the “increment” of such changes to seek com-
patibility with the external situation, thus achieving coordination and adaptive adjustment
between the cognitively guided agricultural production behavior and the environment [68].
Hence, environmental regulation can effectively compensate for the lack of farmers’ eco-
logical cognition and exert influence, thus enhancing their behavioral response to green
production. Therefore, we propose the following hypotheses:

H5. Environmental regulation negatively moderates the relationship between capital endowment
and farmers’ green production behavior.

H6. Environmental regulation positively moderates the relationship between ecological cognition
and farmers’ green production behavior.

In summary, the theoretical framework constructed is shown in Figure 1.
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Figure 1. The theoretical framework.

3. Materials and Methods
3.1. Data

The data used in this study were obtained from a household survey regarding farmers
who grew crops in four areas of Haikou City, Qiongzhong Li and Miao Autonomous
County, Lingshui Li Autonomous County, and Dongfang City in Hainan Province, China,
in July 2021. The following reasons were considered in selecting the sample areas: First,
the four different sample areas represent different levels of agricultural development in
Hainan Province, which leads to differences in farmers’ behaviors. Dongfang, as the major
agricultural city of Hainan, has maintained a leading position in agricultural development,
the development scale of Haikou is inferior to Dongfang, Lingshui is in the middle, while
Qiongzhong’s development is relatively low [69]. Second, Hainan Island features high
terrain in the middle and low surrounding. With Wuzhi Mountain and Yingge Mountain
as its core, the island’s topography forms a ring-shaped layer consisting of mountains, hills,
plateaus, and plains, forming an ecological function area, a mountain forestry economic
area, a hilly cash crop cultivation area, and a plain farming area [70]. The four areas
are situated in the northern, central, western, and southeastern parts of Hainan Island,
collectively encompassing the island’s geographic and agricultural regions from the inside
out. In addition, these are typical and priority areas for the promotion of agricultural green
production in Hainan. The study areas are shown in Figure 2.

A combination of stratified multilevel and random sampling was used for sampling.
To begin, Haikou, Qiongzhong, Lingshui, and Dongfang were chosen based on the rep-
resentativeness, agricultural development level, regional distribution, and agricultural
production condition. Next, for each city or county, 2 to 4 townships were randomly
selected. Thirdly, 1 to 3 administrative villages were randomly selected in each township,
and 2 to 5 natural villages were randomly selected in each administrative village. Finally,
10 to 20 respondents were randomly selected from each natural village for a “one-on-one”
interview, which was conducted with household heads or family members involved in
production and management decisions making and lasted 30 to 40 min. The survey content
mainly included information on personal and family characteristics, agricultural produc-
tion and operation status, farmers’ cognition, willingness for and behavior toward green
production, and farmers’ ecological cognition. To ensure data quality, the interviewers
received formal intensive training and simulation exercises prior to the survey. A total of
666 questionnaires were distributed; excluding those with missing data and conflicting
information, 543 were valid, with an efficiency rate of 81.53%.



Land 2023, 12, 1611 7 of 27Land 2023, 12, x FOR PEER REVIEW 7 of 27 
 

 
Figure 2. Location of the study areas in Hainan Island, China. 

The basic characteristics of the sample farmers are shown in Table 1. The respondents 
were mainly male, accounting for 74.22%. Most of the respondents were middle-aged, 
with 63.54% aged 40 to 60, indicating that with urbanization, most young and strong rural 
laborers migrate to work, and the farmers presently engaged in agricultural production 
are older, in line with the current situation in rural China. The overall education level of 
the respondents was medium, with 72.19% being in junior high school or above. The fam-
ily farmland area was concentrated in less than ten mu, of which 33.89% was less than five 
mu. The majority of farmland plots ranged from 5 to 8, indicating a prevalent trend to-
wards small-scale and decentralized agricultural operations in Hainan, China. We de-
rived the annual net income per capita of CNY 12,800 based on the average annual house-
hold income of CNY 57,500 and the average household size of 4.49 people, which was in 
relative agreement with the official data of CNY 16,000 per capita disposable income for 
rural residents in Hainan Province in 2020. The mean of the age, years of education, and 
average household size also matched the data in the statistical yearbook [69]. All these 
data indicate that the sample was moderately representative. 

Table 1. Sample characteristics. 

Characteristic Options Obs. Percentage (%) Characteristic Options Obs. Percentage (%) 

Sex 
Male 403 74.22 

Number of farmland plots of a 
household (plots) 

≤2 111 20.44 
Female 140 25.78 2~5 129 23.76 

Age (years) 

≤30 15 2.76 5~8 176 32.41 
31~40 112 20.63 8~10 43 7.92 
41~50 168 30.94 ≥10 84 15.47 
51~65 205 37.75 Whether there is a village ca-

dre or civil servant in the 
household 

Yes 164 30.20 

≥66 43 7.92 No 379 69.80 

Ethnicity 
Han nationality 376 69.24 

Net household income in 2020 
(CNY 10,000) 

<2 168 30.94 
Ethnic minority 167 30.76 2~5 176 32.41 

Education level 
(years) 

0 30 5.52 5~8 93 17.13 
1~6 121 22.28 8~10 30 5.52 

Figure 2. Location of the study areas in Hainan Island, China.

The basic characteristics of the sample farmers are shown in Table 1. The respondents
were mainly male, accounting for 74.22%. Most of the respondents were middle-aged,
with 63.54% aged 40 to 60, indicating that with urbanization, most young and strong rural
laborers migrate to work, and the farmers presently engaged in agricultural production
are older, in line with the current situation in rural China. The overall education level
of the respondents was medium, with 72.19% being in junior high school or above. The
family farmland area was concentrated in less than ten mu, of which 33.89% was less
than five mu. The majority of farmland plots ranged from 5 to 8, indicating a prevalent
trend towards small-scale and decentralized agricultural operations in Hainan, China. We
derived the annual net income per capita of CNY 12,800 based on the average annual
household income of CNY 57,500 and the average household size of 4.49 people, which
was in relative agreement with the official data of CNY 16,000 per capita disposable income
for rural residents in Hainan Province in 2020. The mean of the age, years of education,
and average household size also matched the data in the statistical yearbook [69]. All these
data indicate that the sample was moderately representative.

As shown in Table 2, 95.21% of the sample farmers were involved in green production,
among which the proportions of soil testing and formulated fertilization technology, agri-
cultural mulch film recycling, organic fertilizer application, straw returning, and pesticide
packaging waste recycling were 10.87%, 22.47%, 48.43%, 48.80%, and 82.14%, respectively.
This shows the low participation rate in soil testing and formulated fertilization technology
and agricultural mulch film recycling, while the initiative and enthusiasm of farmers to
recycle pesticide packaging waste was relatively high. Due to the low implementation
rate of formula fertilization promotion, farmers rely more on professionals in the agricul-
tural sector to adopt this behavior, resulting in a high threshold for technology adoption.
Participation in organic fertilizer application and straw returning was at a medium level,
probably related to their higher economic costs. For agricultural waste recycling, it is more
convenient for farmers to collect pesticide packaging waste in the field, as pesticide packag-
ing has significant residues of hazardous substances. However, recycling of agricultural
mulch film requires higher human and economic costs.
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Table 1. Sample characteristics.

Characteristic Options Obs. Percentage (%) Characteristic Options Obs. Percentage (%)

Sex
Male 403 74.22

Number of farmland plots
of a household (plots)

≤2 111 20.44
Female 140 25.78 2~5 129 23.76

Age (years)

≤30 15 2.76 5~8 176 32.41
31~40 112 20.63 8~10 43 7.92
41~50 168 30.94 ≥10 84 15.47
51~65 205 37.75 Whether there is a village

cadre or civil servant in the
household

Yes 164 30.20
≥66 43 7.92 No 379 69.80

Ethnicity
Han

nationality 376 69.24

Net household income in
2020 (CNY 10,000)

<2 168 30.94

Ethnic
minority 167 30.76 2~5 176 32.41

Education level
(years)

0 30 5.52 5~8 93 17.13
1~6 121 22.28 8~10 30 5.52
7~9 273 50.28 ≥10 76 14.00

10~12 97 17.86

Net agricultural income in
2020 (CNY 10,000)

<1 279 51.38
≥12 22 4.05 1~3 145 26.70

Part-time
employment status

Yes 329 60.59 3~5 45 8.29
No 214 39.41 5~7 23 4.24

Farmland area
of a household

(mu)

<10 291 53.59 ≥7 51 9.39
10~20 131 24.13

Number in the household
labor force (persons)

<2 46 8.47
20~30 52 9.58 2~4 385 70.90
30~40 29 5.34 4~6 99 18.23
≥40 40 7.37 ≥6 13 2.39

Table 2. Sample distribution of the type of farmers’ green production behaviors.

Type of Farmers’ Green Production Behaviors Obs. Percentage (%)

Soil testing and formulated fertilization technology 59 10.87
Organic fertilizer application 263 48.43

Straw returning 265 48.8
Pesticide packaging waste recycling 446 82.14
Agricultural mulch film recycling. 122 22.47

In terms of the number of green production behaviors, it can be observed that the
number of agricultural green production practices among farmers in the four study areas in
Hainan was concentrated in the range of 1–3 practices (Table 3), with a very low proportion
of farmers further enhancing their adoption level. The number of farmers’ green production
behaviors was 22.28%, 38.31%, 26.15%, 7.00%, and 1.47% of the samples with 1, 2, 3, 4, and
5, respectively (Figure 3), which also shows the limited overall intensity of involvement in
green production.

Table 3. Sample size and distribution of the number of farmers’ green production behaviors in each
city (county).

City
(County)

Sample Size and Distribution of the Number of Farmers’ Green Production Behaviors

Sum Number = 0 Number = 1 Number = 2 Number = 3 Number = 4 Number = 5

Haikou 213 9 43 83 64 13 1
Qiongzhong 111 7 30 51 18 5 0

Lingshui 122 4 22 35 37 18 6
Dongfang 97 6 26 39 23 2 1
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Figure 3. Sample distribution of the number of farmers’ green production behaviors.

3.2. Core Variables

The dependent variable is farmers’ green production behavior, measured by the num-
ber of green production behaviors in which farmers are involved [34], with a nonnegative
whole value from 0 to 5. This study takes farmers’ multiple green production behaviors,
including soil testing and formulated fertilization technology, organic fertilizer applica-
tion, straw returning, pesticide packaging waste recycling, and agricultural mulch film
recycling. Questionnaires were designed with the questions “Do you use soil testing and
formulated fertilization technology?” “How do you deal with straw, pesticide packaging
waste, and agricultural mulch film?” and “annual input of organic fertilizer (catties)” as
identification criteria.

Capital endowment is the core independent variable in this paper. Consistent with
relevant studies [14,16,21,22], we establish an indicator system of capital endowment from
the four aspects of natural, economic, human, and social capital, and adopt the entropy
method to assign weight to 15 indicators to calculate the dimensional and aggregate scores
of capital endowment. The entropy method utilizes information entropy to calculate the
discrete degree of indicator, which is an objective, comprehensive, and priori result-free
method for the evaluation of multiple indicators’ system [21]. The smaller the information
entropy, the greater the amount of information provided by the indicator. Hence, the
greater the weight of the indicator, the greater its role in the comprehensive analysis, and
vice versa. The design and weight of the indicators are presented in Table 4.

Ecological cognition is the independent variable that this study is concerned with,
and it is a latent variable that cannot be directly observed. Hence, we designed the
14 measurement items in Table 5 to construct an indicator system of farmers’ ecological
cognition including four dimensions of rural ecological perception, rural ecological policy
knowledge, rural ecological protection responsibility awareness, and rural green production
and living action understanding [26], while using exploratory factor analysis to measure
farmers’ ecological cognition [71]. As shown in Table A1 (see Appendix A), we first
confirmed that the factor analysis of ecological cognition was appropriate, as indicated by
Cronbach’s alpha value of 0.707, KMO value of 0.758, and Bartlett’s sphericity test p-value
of 0.000. Then, through varimax rotation corresponding to characteristic roots greater than
one, we identified four common factors that contributed 57.989% to ecological cognition.
These factors were named according to their maximum loading value on the observation
indicators and included action understanding, policy knowledge, responsibility awareness,
and ecological perception. Finally, the ecological cognition score of farmers was calculated
based on the factor score and cumulative variance contribution. Specifically, ecological
cognition = (16.593% × action understanding + 14.646% × policy knowledge + 14.047% ×
responsibility awareness + 12.703% × ecological perception) ÷ 57.989%.
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Table 4. Construction of the indicator system for capital endowment.

Dimension
(Weight) Indicator (Weight) Measurement Item Mean SD Min Max

Natural capital
(0.160)

Farmland area (0.112)
Household-owned farmland area

(mu): 0~10 = 1, 10~20 = 2, 20~30 = 3,
30~40 = 4, 40 and above = 5

1.888 1.224 1 5

Farmland
fragmentation degree

(0.034)

Household-owned farmland area to
the number of farmland plots

(mu/plot): 0~1 = 1, 1~2 = 2, 2~3 = 3,
3~4 = 4, 4 and above = 5

2.494 1.532 1 5

Farmland terrain
(0.014)

Household-owned farmland terrain
type: 1 = hill, 2 = slope, 3 = flat 2.610 0.630 1 3

Economic
capital (0.472)

Net household
income (0.032)

Net household income in 2020
(CNY 10,000) 5.751 9.941 −4.2 100

Net agricultural
income (0.020)

Net agricultural income in 2020
(CNY 10,000) 2.928 7.957 −7.4 90

Land transfer-in
(0.219)

Percentage of transfer-in land area
in the total managed farmland area

of household: no transfer-in
land = 1, mainly contracted

farmland allocated by villages and
groups = 2, mainly transfer-in
land = 3, all transfer-in land =4

1.315 0.740 1 4

Agricultural
machinery input

(0.201)

Agricultural machinery input costs
for the household in 2020

(CNY 10,000): 0~0.3 = 1, 0.3~0.6 = 2,
0.6~0.9 = 3, 0.9~1.2 = 4, 1.2

and above = 5

1.455 1.028 1 5

Human capital
(0.120)

Number in labor
force (0.030)

Number of laborers in the
household (persons) 2.582 1.133 1 8

Education level
(0.014)

Farmer’s actual years of
education (years) 8.105 3.378 0 16

Health status (0.015) Farmers’ health status: healthy = 1,
unhealthy = 0 0.880 0.325 0 1

Part-time
employment status

(0.060)

Farmer’s part-time employment
status: yes = 1, no = 0 0.606 0.489 0 1

Social capital
(0.248)

Village cadre or civil
servant (0.144)

Whether there is a civil servant or
village cadre in the household:

yes = 1, no = 0
0.302 0.460 0 1

Interpersonal
interaction (0.064)

The number of people that farmers
usually interact with (persons) 39.087 42.554 3 200

Agricultural
production

communication
(0.027)

Frequency of farmers’
communication and discussion on

agricultural production matters:
none = 1, low = 2, generally = 3,

often = 4, frequently = 5

3.689 1.456 1 5

Institutional trust
(0.013)

Farmer’s trust in rural grassroots
organizations: very low = 1, low = 2,

generally = 3, higher = 4,
very high = 5

4.258 1.193 1 5
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Table 5. Construction of the indicator system for ecological cognition.

Dimension Indicator Measurement Item Mean SD Max Min

Perception of
rural ecology

Status of rural animals

Have you ever felt that wildlife in rural
areas is less common than before: none = 1,
less = 2, generally = 3, more common = 4,

very common = 5

3.643 1.556 1 5

Status of rural plants

Have you ever felt that wild plants are less
common in the countryside than before:
none = 1, less = 2, generally = 3, more

common = 4, very common = 5

3.396 1.616 1 5

Status of rural ecology

Have you ever felt that the local ecology
has deteriorated in recent years: none = 1,
less = 2, generally = 3, more common = 4,

very common = 5

2.676 1.616 1 5

Knowledge of
rural ecological

policy

Understanding of
“ecology”

Do you understand the meaning of
“ecology”: unknown = 1, insufficient

understanding = 2, comparative
understanding = 3

1.608 0.777 1 3

Understanding of
“global warming”

Do you understand the meaning of “global
warming”: unknown = 1, insufficient

understanding = 2, comparative
understanding = 3

1.444 0.729 1 3

Understanding of
“lucid waters and lush

mountains are
invaluable assets”

Do you understand the meaning of “lucid
waters and lush mountains are invaluable

assets”: unknown = 1, insufficient
understanding = 2, comparative

understanding = 3

1.707 0.788 1 3

Understanding of
government

ecological policies

Do you know the local government’s
ecological protection policies: unknown = 1,

less knowledge = 2, general = 3,
comparative knowledge = 4, fine

knowledge = 5

2.232 1.241 1 5

Awareness of
rural ecological

protection
responsibility

Participate in rural
garbage sorting

If your village implements garbage sorting,
are you willing to participate: very

unwilling = 1, unwilling = 2, generally = 3,
willing = 4, very willing = 5

4.3 1.017 1 5

Learn knowledge
and technology

Are you willing to learn knowledge and
technology about protecting the ecological
environment if you have the opportunity:

very unwilling = 1, unwilling = 2,
generally = 3, willing = 4, very willing = 5

4.243 1.175 1 5

Provide voluntary
labor

Are you willing to provide some voluntary
work for the protection of Hainan’s rural

ecological environment: very unwilling = 1,
unwilling = 2, generally = 3, willing = 4,

very willing = 5

4.501 0.981 1 5

The necessity of rural
governance

Do you think it is necessary to govern rural
ecological problems: very unnecessary = 1,
unnecessary = 2, general = 3, necessary = 4,

very necessary = 5

3.762 1.530 1 5

Understanding of
rural green

production and
living action

CO2 emissions
Do you think increasing CO2 emissions will

cause global warming: not at all = 1,
some = 2, fair = 3, much = 4, definitely = 5

2.324 1.625 1 5

Energy saving
Do you think saving energy will reduce
CO2 emissions: not at all = 1, some = 2,

fair = 3, much = 4, definitely = 5
2.403 1.638 1 5

Hazards of
phosphorus-containing

detergents

Do you think using phosphorus-containing
detergents will pollute water: not at all = 1,
some = 2, fair = 3, much = 4, definitely = 5

3.186 1.670 1 5
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This study also considered environmental regulation as the core independent variable
and focused on guidance-based, incentive-based, and constraint-based regulation [57].
Farmers’ access to the above three types of government environmental regulations is
shown in Table 6. We assessed environmental regulation by taking the arithmetic mean for
publicity and education, extension services, and binding supervision.

Table 6. Construction of the indicator system for environmental regulation.

Indicator Measurement Item Mean SD Max Min

Publicity and education
Whether the government conducts publicity
and education on environmental governance:

yes = 1, no = 0
0.696 0.460 0 1

Extension services

Whether the government provides technology
promotion and training to incentivize farmers

to adopt green agricultural production:
yes = 1, no = 0

0.665 0.472 0 1

Binding supervision
Whether the government regulates and

penalizes farmers for deviating from
agricultural green production: yes = 1, no = 0

0.459 0.499 0 1

Following previous studies [4,7,12], the characteristics of the individual, agricultural
production operation, and external environment were required as control variables. Specifi-
cally, farmers’ characteristics involve sex, age, and ethnicity, while agricultural production
operation is marked by production fluctuations and product certification. For external envi-
ronmental characteristics, publicity and education, village committee regulation, and access
to dedicated agricultural waste facilities are introduced. Meanwhile, regional dummy
variables are introduced to compare green production across regions.

The definition, assignment, and descriptive statistics of variables are shown in Table 7.

Table 7. Definition, assignment, and descriptive statistics of variables.

Type of
Variables Variable Meaning and Assignment Mean SD Min Max

Dependent
variable

Farmers’ green
production behavior

Number of green production behaviors in
which farmers are involved. 2.127 1.036 0 5

Core
independent

variables

Capital endowment A comprehensive score calculated
according to the entropy method 0.257 0.139 0.062 0.850

Natural capital A comprehensive score calculated
according to the entropy method 0.058 0.026 0.007 0.134

Economic capital A comprehensive score calculated
according to the entropy method 0.051 0.085 0.002 0.469

Human capital A comprehensive score calculated
according to the entropy method 0.064 0.032 0.002 0.114

Social capital A comprehensive score calculated
according to the entropy method 0.084 0.074 0 0.248

Ecological cognition A comprehensive score calculated
according to the factor analysis method 0.000 0.502 −1.309 1.360

Environmental
regulation

A comprehensive score calculated
according to the arithmetic mean method 0.607 0.337 0 1
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Table 7. Cont.

Type of
Variables Variable Meaning and Assignment Mean SD Min Max

Control variables

Sex Farmer’s sex: male = 1, female = 0 0.742 0.438 0 1
Age Farmer’s actual age (years old) 50.02 10.88 23 84

Ethnicity Farmer’s ethnicity: Han nationality = 1,
ethnic minority = 0 0.692 0.462 0 1

Fluctuations in
agricultural production

Production fluctuations of crops grown by
farmers: very little = 1, little = 2, fair = 3,
comparatively large = 4, very large = 5

3.006 1.427 1 5

Certification of
agricultural products

Whether the planted agricultural products
have “three products and one standard”

certification: 1 = yes, 0 = no
0.033 0.179 0 1

Village committee
regulation

Whether the village committee sets out
incentives and penalties for the disposal
way of agricultural waste: yes = 1, no = 0

0.083 0.276 0 1

Agricultural waste
collection site

Whether there is a dedicated agricultural
waste collection site in the farmer’s village:

yes = 1, no = 0
0.125 0.331 0 1

Regional dummy
variable

Haikou city = 1, others = 0 0.381 0.486 0 1
Lingshui county = 1, others = 0 0.225 0.418 0 1

Dongfang city =1, others = 0 0.179 0.383 0 1

3.3. Methods

Farmers’ green production behavior is an ordered discrete variable ranging from 0 to 5.
Accordingly, we employed the ordered probit model for regression analysis. The empirical
model was set as follows:

Y∗i = β1CEi + β2ECi + β3ERi + β4Controli + εi, (1)

Yi =



0 (non− involvement ), i f Y∗i ≤ ro
1 (involvement in 1 type), i f ro < Y∗i ≤ r1
2 (involvement in 2 types), i f r1 < Y∗i ≤ r2
3 (involvement in 3 types), i f r2 < Y∗i ≤ r3
4 (involvement in 4 types), i f r3 < Y∗i ≤ r4

5 (involvement in 5 types), i f Y∗i > r4

(2)

In Equations (1) and (2), Y∗i represents the latent variable of farmers’ green produc-
tion behavior and is used to derive a maximum likelihood estimator. Yi represents the
number of green production practices participated in by farmers. CE, EC, ER, and Control
refer to the capital endowment or its dimensions (natural, economic, human, and social
capital), ecological cognition, environmental regulation, and a series of control variables,
respectively. β denotes the estimated coefficient, and εi denotes a random disturbance term
obeying standard normal distribution. Equation (2) shows the relationship between Yi and
Y∗i . ro, r1, r2, r3, and r4 are unknown split points of the number of farmers’ participation
in green production practices, and ro < r1 < r2 < r3 < r4. The resulting probabilities of the
number of farmers’ participation in green production practices, respectively, are:

P(Yi = 0|Xi) = Φ(ro − βiXi)
P(Yi = 1|Xi) = Φ(r1 − βiXi)−Φ(ro − βiXi)
P(Yi = 2|Xi) = Φ(r2 − βiXi)−Φ(r1 − βiXi)
P(Yi = 3|Xi) = Φ(r3 − βiXi)−Φ(r2 − βiXi)
P(Yi = 4|Xi) = Φ(r4 − βiXi)−Φ(r3 − βiXi)

P(Yi = 5|Xi) = 1−Φ(r5 − βiXi)

. (3)
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In Equation (3), Xi signifies the explanatory variables, βi is the estimated coefficient,
and Φ represents the standard normal distribution’s cumulative probability density func-
tion.

To enhance the analysis of the mediation effect of ecological cognition in capital
endowment and its dimensions influencing farmers’ green production behavior, we es-
tablished the following model using the Karlson-Holm-Breen (KHB) method proposed by
Kohler et al. [72]:

Yi = αR + βRCEi + δRControli + ε1i, (4)

Yi = αF + βFCEi + γFECi + δFControli + ε2i, (5)

Yi =
∼
αF +

∼
βFCEi +

∼
γFRi +

∼
δ FControli + ε3i. (6)

Equation (4) is the regression of capital endowment or its dimensions (CE) on farmers’
green production behavior (Y), while Equation (5) further includes ecological cognition (EC)
in the regression. By regressing EC on CE and obtaining the residual®, we can replace EC
with R in Equation (5) and perform further regression to obtain Equation (6). αR, αF, and

∼
αF

are the constant terms, βR, βF,
∼
βF, γF,

∼
γF, δR, δF, and

∼
δ F represent the estimated coefficients

of the above variables, and ε1, ε2, and ε3 denote the residual terms. The mediation effect

holds if there is a significant difference between βR and
∼
βF.

Referring to the moderation effect approach proposed by Jiang et al. [67], we con-
structed the following model to examine how environmental regulation moderates the
relationship between capital endowment, ecological cognition, and farmers’ green produc-
tion behavior:

Yi = β1CEi + β2ECi + β3ERi + β1
′CEi ∗ ERi + β2

′ECi ∗ ERi + β4Controli + εi. (7)

Y, CE, EC, ER, and Control in Equation (7) refer to farmers’ green production behav-
ior, capital endowment, ecological cognition, environmental regulation, and the control
variables, respectively. The interaction terms CE ∗ ER and EC ∗ ER respectively reflect
the moderating effects of environmental regulation on capital endowment and ecological
cognition. β1, β2, β3, β1

′, β2
′, and β4 are the estimated coefficients, and εi is the random

disturbance term.

4. Results

The results of the regression analysis are shown in Table 8. Before regression, we tested
for multicollinearity by calculating the VIFs, which ranged from 1.06 to 1.26, satisfying
the independence principle of variables. Model 1 was derived by incorporating capital
endowment, ecological cognition, and environmental regulation as independent variables.
Then, the impacts of various dimensions of capital endowment were further analyzed to
obtain model 2. Model 3 presents the average marginal effects based on Models 1 and 2.

4.1. Benchmark Regression Analysis

From Model 1, the coefficient of capital endowment was positive at the 1% significance
level, which indicates that the abundant available resources can meet the requirements
arising from farmers’ green production behavior. Model 2 demonstrates that dimensions of
capital endowment positively affect farmers’ green production behavior. Natural and social
capital are significant at the 10% level, human capital is significant at the 5% level, while
economic capital exhibits significance at the 1% level. As the capital endowment increases
in each dimension, farmers are more inclined to participate in green production. Possible
explanations for these findings are that higher natural capital can lead to greater expecta-
tions of long-term scale returns in agriculture, making green production a good option for
higher yields and lower costs. More prosperous economic resources allow farmers to invest
and take on more risk in green production. Additionally, having more human and social
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capital can provide high quantity and quality of labors and increase trust and acceptance
to engage in green production. Thus, hypothesis H1 is verified. Model 1 and Model 2
show that ecological cognition has a positive impact on farmers’ green production behavior
at the 5% significance level, which confirms hypothesis H2. Ecological cognition makes
farmers more aware of the impact of agricultural practices on the ecology. Additionally,
it aids in the growth of their ecological perception, behavioral tendencies, knowledge
bank, and consciousness of accountability for transitioning to eco-friendly practices. As
a result, farmers are motivated to proactively participate in green production, ultimately
contributing to the betterment of local agricultural and rural environments. In addition,
the effect of environmental regulation is positive at the 1% significance level, signaling that
environmental regulation, as a formal institutional representation of farmer behavior, has
prompted farmers to place a greater emphasis on ecological preservation throughout the
production process, thereby promoting the development of green production. Therefore,
hypothesis H3 is confirmed.

Table 8. Estimation result and marginal effect of the ordered probit model.

Variable Model 1 Model 2 Model 3 Average Marginal Effects

Number = 0 Number = 1 Number = 2 Number = 3 Number = 4 Number = 5

Capital endowment 1.811 *** −0.165 *** −0.360 *** −0.058 ** 0.340 *** 0.188 *** 0.055 ***
(0.354) (0.040) (0.072) (0.025) (0.066) (0.043) (0.020)

Natural capital 3.544 * −0.322 * −0.702 * −0.113 0.663 * 0.367 * 0.107
(2.015) (0.189) (0.400) (0.079) (0.377) (0.214) (0.069)

Economic capital 1.620 *** −0.147 ** −0.321 *** −0.052 * 0.303 *** 0.168 ** 0.049 **
(0.617) (0.060) (0.123) (0.028) (0.116) (0.067) (0.024)

Human capital 3.258 ** −0.296 * −0.646 ** −0.104 0.610 ** 0.338 * 0.098 *
(1.618) (0.153) (0.322) (0.066) (0.302) (0.173) (0.058)

Social capital 1.268 * −0.115 * −0.251 * −0.041 0.237 * 0.131 * 0.038
(0.693) (0.065) (0.138) (0.027) (0.130) (0.074) (0.024)

Ecological cognition 0.227 ** 0.229 ** −0.021 ** −0.045 ** −0.007 * 0.043 ** 0.024 ** 0.007 *
(0.100) (0.102) (0.010) (0.020) (0.004) (0.019) (0.011) (0.004)

Environmental
regulation

0.529 *** 0.512 *** −0.048 *** −0.105 *** −0.017 * 0.099 *** 0.055 *** 0.016 **
(0.159) (0.160) (0.016) (0.031) (0.009) (0.030) (0.018) (0.007)

Sex
−0.001 −0.009 0.000 0.000 0.000 −0.000 −0.000 −0.000
(0.116) (0.116) (0.011) (0.023) (0.004) (0.022) (0.012) (0.003)

Age −0.006 −0.006 0.001 0.001 0.000 −0.001 −0.001 −0.000
(0.004) (0.004) (0.000) (0.001) (0.000) (0.001) (0.000) (0.000)

Ethnicity −0.507 *** −0.499 *** 0.046 *** 0.101 *** 0.016 ** −0.095 *** −0.052 *** −0.015 **
(0.158) (0.159) (0.016) (0.032) (0.008) (0.030) (0.017) (0.007)

Fluctuations in
agricultural production

0.080 ** 0.078 ** −0.007 ** −0.016 ** −0.003 * 0.015 ** 0.008 ** 0.002 **
(0.033) (0.033) (0.003) (0.007) (0.002) (0.006) (0.004) (0.001)

Certification of
agricultural products

−0.426 −0.465 * 0.039 0.085 0.014 −0.080 −0.044 −0.013
(0.259) (0.264) (0.024) (0.052) (0.010) (0.049) (0.027) (0.009)

Village committee
regulation

0.162 0.168 −0.015 −0.032 −0.005 0.031 0.017 0.005
(0.171) (0.173) (0.016) (0.034) (0.006) (0.032) (0.018) (0.005)

Agricultural waste
collection site

0.299 ** 0.292 ** −0.027 ** −0.059 ** −0.010 0.056 ** 0.031 ** 0.009 *
(0.145) (0.145) (0.014) (0.029) (0.006) (0.027) (0.015) (0.005)

Regional dummy
variable

Haikou
0.815 *** 0.835 *** −0.074 *** −0.162 *** −0.026 ** 0.153 *** 0.084 *** 0.025 **
(0.188) (0.190) (0.020) (0.038) (0.012) (0.035) (0.022) (0.010)

Lingshui 0.753 *** 0.816 *** −0.069 *** −0.150 *** −0.024 ** 0.141 *** 0.078 *** 0.023 ***
(0.156) (0.165) (0.018) (0.031) (0.011) (0.029) (0.019) (0.008)

Dongfang 0.703 *** 0.732 *** −0.064 *** −0.140 *** −0.022 ** 0.132 *** 0.073 *** 0.021 **
(0.202) (0.209) (0.021) (0.041) (0.011) (0.038) (0.023) (0.009)

Prob > chi2 0.000 0.000
Pseudo R2 0.085 0.086

Note: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in
parentheses. The average marginal effects of natural capital, economic capital, human capital, and social capital
are based on Model 2. The differences in the results of other variables based on Models 1 and 2 are negligible; so,
the results based on Model 1 are reported.
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In terms of the other controlled variables, sex and age are not the main factors affecting
the farmers’ green production behavior. The outflow of male and young agricultural labor
may cause this. Ethnic minority farmers are more inclined towards green production
compared to Han farmers at the 1% significance level. The field survey conducted in
Hainan Province reveals that ethnic minorities, such as the Li and Miao, still uphold a
deep respect and appreciation for nature through their eco-friendly farming practices.
The fluctuation in production is positive and statistically significant at the 5% level. To
ensure consistent benefits and achieve sustainable development, farmers focus on factors
affecting agricultural output, including farmland quality and technological inputs, and
thus become more involved in green production. Unusually, the certification of agricultural
products has a negative impact, probably due to information asymmetry and imperfect
market mechanisms, causing farmers to stick to traditional production, as the economic
benefits of certified products cannot offset the added costs. At the 5% significance level,
the village agricultural waste collection site contributed to farmers’ green production, as
it provided farmers with convenient waste disposal options. The failure of the village
committee regulation to pass the significance test could be attributed to its informal nature,
limited ability to motivate and supervise, and poor practical implementation. The regional
dummy variable is significant at the 1% level. According to the field survey and the
Hainan Provincial Statistical Yearbook 2021 [69], Haikou, Lingshui, and Dongfang had
higher agricultural output and proportion in 2020 than Qiongzhong. However, their
ecological quality is inferior. Hence, farmers in these areas favor green production more
than Qiongzhong.

4.2. Marginal Effect Analysis

The Oprobit model’s regression coefficients provide limited information on the sig-
nificance and direction [34]. Additionally, the nonlinear model suggests that the behavior
of individuals at the sample mean differs from the average behavior of individuals in the
sample [73]. To address this, the average marginal effect of each explanatory variable is
further calculated to determine how a 1-unit change in the explanatory variable affects
the probability of each value of the explained variable. From the results of Model 3, the
marginal effect of each explanatory variable can be summarized as follows. Firstly, the
impact of the explanatory variables on farmers’ green production behavior is consistent
with the benchmark regressions in terms of significance and direction. Secondly, variables
with a positive overall effect show a “− + −” trend, while those with a negative overall
effect show a “+ − +” trend. Thirdly, inflection points are evident in the marginal effects of
the explanatory variables, with the first at “number = 1” and the second at “number = 3”.
The sign of each variable’s marginal effect changes at “number = 3”. Analyzing the vari-
ables with an overall positive impact, the probability of “number = 1” decreases less than
“number = 0”. The possible reason is that farmers may resist transitioning to green pro-
duction due to loss aversion, as it could disrupt the efficiency and low cost of traditional
agricultural practices. Tempted by short-term benefits, farmers perceive that engaging in
agricultural green production will lead to greater losses, thus diminishing their individual
utility. The variables’ marginal effects exhibited an inverted U-shaped pattern subsequent
to the farmers’ boundary alteration between green production non-participation and par-
ticipation, which aligns with agricultural production theory. In the case of “number = 1–3”,
farmers aim to obtain a growing marginal effect by increasing each variable. However, the
probability of “number = –5” dwindles as the level of each variable escalates, and farmers
are inclined to maintain the current level of each variable to prevent a decrement in the
marginal effect.

4.3. Mediation Effect Test of Ecological Cognition

The KHB model result in Table 9 demonstrates the significant mediation effect of
ecological cognition between capital endowment and farmers’ green production behavior.
with a 0.191 effect size at a 5% significance level, accounting for 9.17% of the total effect.
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Furthermore, in the dimensional decomposition of capital endowment, ecological cognition
partially mediates between human capital, social capital, and green production behavior.
These mediation effects are significant at the 1% level with sizes of 0.978 and 0.537, account-
ing for 16.64% and 20.98% of the total effect, respectively. The results suggest that elevated
levels of capital endowment, human capital, and social capital facilitate heightened ecolog-
ical cognition, subsequently fostering farmers’ engagement in environmentally-friendly
practices. Nevertheless, the mediating role of ecological cognition between natural capital,
economic capital, and farmers’ green production behavior is invalid. Explanations could
be that agricultural green production is a set of ecological behaviors with high inputs and
slow results, and farmers consider that the costs of adopting green production practices
will be high as natural capital increases, without considering the invisible and long-term
outputs from sound ecology. Thus, natural capital does not significantly reinforce eco-
logical cognition. As for economic capital, farmers’ current level of economic capital is
insufficient to break through the physiological demand hierarchy. This forces farmers
to pursue the economic accumulation of increased agricultural production and income,
curbing their enthusiasm to make the rural environment livable. In general, hypothesis H4
is partially verified.

Table 9. KHB mediation effect test.

Function Route Total Effect Direct Effect Indirect Effect Percentage of
Mediation Effect

capital endowment→ ecological cognition
→ farmers’ green production behavior

2.084 *** 1.893 *** 0.191 ** 9.17%
(0.387) (0.353) (0.078)

natural capital→ ecological cognition→
farmers’ green production behavior

6.771 *** 6.389 *** 0.383 -
(1.842) (1.843) (0.315)

economic capital→ ecological cognition→
farmers’ green production behavior

2.171 *** 2.201 *** −0.030 -
(0.563) (0.564) (0.098)

human capital→ ecological cognition→
farmers’ green production behavior

5.878 *** 4.900 *** 0.978 *** 16.64%
(1.545) (1.568) (0.368)

social capital→ ecological cognition→
farmers’ green production behavior

2.559 *** 2.022 *** 0.537 *** 20.98%
(0.652) (0.673) (0.196)

Note: ** and *** denote significance at the 5% and 1% levels, respectively. Standard errors are in parentheses.

4.4. Moderation Effect Test of Environmental Regulation

Model 4 in Table 10 with the interaction term has a higher Pseudo R2 compared to
Model 1, indicating an improvement in the explanatory power of the model. The interaction
term between capital endowment and environmental regulation is not significant. Possi-
bly, the ineffectiveness and poor implementation of existing measures of environmental
regulation inhibit their ability to moderate the impact of capital endowment on farmers’
green production behavior, ultimately resulting in insignificant empirical results. The
interaction term between ecological cognition and environmental regulation is significant
at the 1% level with a positive effect. It is suggested that environmental regulation plays an
enhanced moderating role in ecological cognition on farmers’ green production behavior.
Environmental regulation implemented by the government possesses a certain degree of
obligation and serves as vehicles for conveying norms and requirements, thereby strength-
ening farmers’ comprehension and execution abilities in decision making. Despite farmers’
limited ecological cognition, they still comply with the implementation requirements set by
the government and engage in green production. Thus, hypothesis H6 is confirmed, while
hypothesis H5 fails to be supported. The interaction effect in Figure 4 shows that the magni-
tude of the congruent enhancement of ecological cognition and farmers’ green production
behavior increases to a greater extent at higher environmental regulation (β = 0.442 ***,
t = 3.770, p = 0.000) compared to lower environmental regulation (β = −0.053, t = −0.445,
p = 0.656).
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Table 10. Moderation effect test.

Variable Model 4

Capital endowment 1.761 ***
(0.355)

Ecological cognition 0.225 **
(0.100)

Environmental regulation 0.613 ***
(0.162)

Capital endowment × Environmental regulation −0.079
(1.064)

Capital endowment × Environmental regulation 0.840 ***
(0.282)

Control variable Yes
Pseudo R2 0.091

Note: ** and *** denote significance at the 5% and 1% levels, respectively. Standard errors are in parentheses.
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5. Discussion
5.1. Endogeneity Discussion

Ecological cognition as a subjective consciousness influences farmers’ decision making,
while active involvement in green production enhances farmers’ concern for ecological ben-
efits and ecological knowledge reserve [73]. However, the direct impact of green production
behavior on capital endowment and environmental regulation remains challenging [15,39].
The endogeneity issue of reversed causality may be observed between ecological cogni-
tion and farmers’ green production behavior. Considering that the explained variable is
ordered discrete, we used the Conditional Mixed Process (CMP) method [74] and chose
information literacy and economic interest pursuit as instrumental variables of ecological
cognition to solve the above problem. Information literacy is measured by “farmers’ ability
to distinguish the authenticity of internet information” and is represented by the values
of 0, 1, and 2 for inability, uncertainty, and ability, respectively. Economic interest pursuit
is assigned a value of 1–5 from fully agree to disagree based on the “farmer believes that
environmental protection would limit the pursuit of economic benefits”. Referring to Chyi
and Mao [75], we determine the instrumental variables’ validity by statistical tests of the
linear model (see Table A2). The IVoprobit_CMP results are shown in Table 11. The lnsig_2
value indicates the model result is significant at the 1% level, while the endogeneity test
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parameter atanhrho_12 rejects the original hypothesis of “ecological cognition as an exoge-
nous variable” at 10% significance level, implying the instrument variables are exogenous.
The first stage of the IVoprobit_CMP showed a significant correlation between information
literacy, economic interest pursuit, and ecological cognition. In the second stage, after
correcting for endogeneity bias, the impact of ecological cognition was found to be more
pronounced with a significantly larger coefficient. Failure to address endogeneity may
result in an underestimation of the model result. The marginal effect of ecological cogni-
tion shows that after controlling for the endogeneity problem, a 1 unit rise in ecological
cognition yields a decrease of 7.1%, 13.0%, and 2.0%, and an increase of 12.1%, 7.4%, and
2.6% in the probability of “number = 0–5”, respectively. This result also further validates
the aforementioned conclusion.

Table 11. Re-estimation results of the Ivoprobit_CMP and PSM.

Variable Ecological Cognition Farmers’ Green Production Behavior

Ivoprobit_CMP
PSM

cmp_cont cmp_oprobit

Capital endowment 0.366 *** 1.497 *** 1.909 ***
(0.142) (0.403) (0.385)

Ecological cognition 0.703 *** 0.257 **
(0.269) (0.103)

Environmental regulation 0.238 *** 0.358 * 0.618 ***
(0.064) (0.187) (0.174)

Information literacy 0.111 ***
(0.023)

Economic interest pursuit 0.087 ***
(0.013)

Control variable Yes Yes Yes
lnsig_2 −0.848 ***

(0.030)
atanhrho_12 −0.238 *

(0.132)
Prob > chi2 0.000
Pseudo R2 0.102

Obs. 543 543 455
Note: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Standard errors are
in parentheses.

Farmers’ ecological cognition is influenced by various factors such as demographic
characteristics, production and operation characteristics, and social environment character-
istics, which may lead to sample self-selection bias [63]. To address this issue, Propensity
Score Matching (PSM) was employed to establish a counterfactual framework. The sample
was divided into two groups, with farmers who had ecological cognition above the mean
as the treatment group and those below the mean as the control group. The k-nearest
neighbor matching method (K = 3) was used for the matching test. Table A3 presents
the balance test results. After matching, the means of the matched variables were similar
for the treatment and control groups, with the absolute values of the standard deviations
below 10%. The t-test results support the original hypothesis that there were no systematic
differences between the matched variables in the treatment and control groups. These
results suggest that the significant differences between the two groups of farmers after PSM
were mostly eliminated, indicating a good matching effect. Table 11 displays the oprobit
results for the matched sample, revealing that capital endowment, ecological cognition,
and environmental regulation still had significant effects on farmers’ green production
behavior after potential self-selection bias was eliminated.

Drawing on Altonji et al. [76] and Nunn and Wantchekon [77], we used controlled
observable variables to estimate changes in the coefficients of the core explanatory variables,
thus providing a measure of the potential impact of omitted variable bias. First, restrained
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Model 1 was built using the core explanatory variables. Then, restrained Model 2 was
developed by incorporating farmers’ individual characteristics, and the estimated coeffi-
cients βR of the core explanatory variables under both restrained models were obtained.
Second, based on the restrained models, we added production and operation variables as
well as external environment variables to obtain the estimated coefficients βF for the core
explanatory variables in full Models 1 and 2. Finally, we calculated the omitted variable
bias coefficient σ = |βF/(βR − βF)|. Theoretically, σ is greater than 1. A larger σ indicates a
lower probability of estimation bias due to the omitted variables [76]. As shown in Table 12,
the σ of the core explanatory variables exceeded 1, which suggests that endogeneity issues
arising from the omitted variables can be largely excluded.

Table 12. Estimation results of the restrained model and the full model.

Variable Restrained Model 1 Full Model 1 Restrained Model 2 Full Model 2
σ

βR βF βR βF

Capital endowment 1.6877 *** 1.6247 *** 1.6635 *** 1.5704 *** 53.667 20.396
(0.3057) (0.3049) (0.3113) (0.3055)

Ecological cognition 0.2475 *** 0.2206 ** 0.2347 *** 0.2031 ** 65.485 25.063
(0.0853) (0.0867) (0.0871) (0.0872)

Environmental regulation 0.4894 *** 0.3882 *** 0.4785 *** 0.3596 *** 3.225 2.219
(0.0845) (0.0891) (0.0852) (0.0889)

Control variable No Yes No Yes

Note: ** and *** denote significance at the 5% and 1% levels, respectively. Standard errors are in parentheses.

5.2. Robustness Test

The robustness of the benchmark regression was tested using model replacement
and excluding the sample of elderly people aged above 65 years [39]. As evidenced by
Models 5–10 in Table A4, the direction and significance of each explanatory variable were
highly consistent with the benchmark regression, indicating that the estimation results
were robust. We further applied the Ivoprobit_CMP method to test the robustness of the
moderation effect while controlling for endogeneity. The result of Model 11 (see Table A4)
further supports that environmental regulation and ecological cognition can synergistically
contribute to the enhancement of farmers’ green production behavior. The robustness of the
mediation effect was tested using the bootstrap method, which offers superior confidence
intervals and stronger statistical power [78]. A significant mediation effect is confirmed
when the 95% confidence interval excludes 0. The bootstrap test results shown in Table A5
underscored the significance of ecological cognition as a crucial channel through which
capital endowments, human capital, and social capital exert influence on farmers’ green
production behavior, thus affirming the validity of our conclusions.

5.3. Consistency with Existing Research

This study analyzes farmers’ participation in agricultural green production and its
determinants. Based on the analysis above, we know that the number of farmers’ green
production behaviors is in the range of 1–3 types, and farmers’ level of involvement still
requires further enhancement. This finding is in line with the results obtained by Du
et al. [4] and Benitez-Altuna et al. [7]. Consistent with the study of Keil et al. [40], we
connect the four resource endowments of sustainable livelihood theory to farmers’ green
production practices, confirming the positive role of capital endowments. Meanwhile,
we provide insights into the mediating transmission mechanisms through which capital
endowment ultimately affects green production behavior by changing ecological cognition,
and the conclusions are consistent with those of Qiao et al. [63] and Luo et al. [73]. For
the citation of the bounded rationality and externality theory, our conclusion supports the
work of Xu et al. [10], who argued that ecological cognition and environmental regulation
significantly positively affect farmers’ green production. Furthermore, the synergy of
environmental regulation and ecological cognition reconfirms the empirical results of
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Li et al. [68]. Overall, in light of Baumgart-Getz et al. [11], a more systematic and scientific
approach has been considered to gain insight into farmers’ green practices through a joint
investigation of socioeconomic traits and psychological aspects in this work.

5.4. Limitations

Limitations inevitably existed in this study. First, it ignored the correlation between
farmers’ multiple green production behaviors. Further studies should apply a multivariate
probit model to explore the alternative or complementary relationships in farmers’ green
production behaviors. Second, it neglected the structural heterogeneity of capital endow-
ment. Farmers’ green production not only depends on the support of dominant capital
endowment but also requires a reasonable structural allocation of capital endowment and
matching of factor transformation. Future research can examine the effects of different
capital structures on farmers’ green production behavior. Third, it neglected to distinguish
farmers in terms of growing different types of crops. Tropical crops such as pepper, coffee,
betel nut, and natural rubber are grown in Hainan, and farmers who grow different crops
differ in their green production behavior. We can identify types of farmers more accurately
and conduct global comparative studies due to Hainan’s particular tropical setting, which
might provide a valuable reference for the interactive integration of tropical plantations
in Hainan, countries along the Belt and Road Initiative, and the Association of Southeast
Asian Nations countries.

5.5. Policy Implications

This paper provides several policy implications. First is the need to advance the green
transformation of the whole process of agricultural production. Since agricultural green
production is an integrated behavioral process covering the entire production link, it is nec-
essary to consider the constraints of farmers’ participation in green production in different
links and develop policies that meet farmers’ interests. Second, farmers’ capital endowment
needs to be improved in multiple dimensions. Capital endowment is an essential basis for
farmers’ behavioral decisions. Farmers with relatively weak capital endowments dominate
agricultural production and operation. Total capital endowment should be strengthened to
break through the short-term effect that restricts participation in various green practices.
Third is the need to enhance farmers’ ecological cognition through multiple channels. This
includes raising farmers’ attention to green production and rural ecology, popularizing
ecological knowledge and policies in various popular ways, encouraging farmers to form a
green production and lifestyle, and actively cultivating farmers’ sense of ecological con-
servation ownership. Fourth, to create an external environment compatible with green
production, the government should further strengthen the guidance and supervision of
green production and increase the supply of supporting infrastructure, such as waste
facilities at the village level. We should also maximize the function of ecological culture
and inject cultural connotations into agriculture green development.

6. Conclusions

In conclusion, this study highlights the need for promoting the adoption of green
production practices among farmers in Hainan Province, China, to enhance rural ecological
protection and promote sustainable agricultural development. The findings reveal that only
a small proportion of farmers consistently adopt green production practices throughout
various stages of agricultural production. The study demonstrates that capital endowment,
including natural, economic, human, and social capital, has a significant influence on
farmers’ green production behavior. In addition, ecological awareness plays a crucial role
in mediating the relationship between capital endowment and its dimensions (human and
social capital) and the adoption of green production practices. Furthermore, the synergy of
environmental regulation and ecological cognition on farmers’ green production behavior
can be achieved. The research indicates that factors such as ethnicity, fluctuations in
agricultural production, and the location of the village agricultural waste collection site
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are all significant determinants of farmers’ engagement in green production practices. The
study also identifies significant regional disparities in farmers’ adoption of green production
practices. To address the issue of farmers’ low adoption of green production practices, this
paper recommends promoting the overall green transformation of the entire agricultural
production process. This can be achieved by enhancing farmers’ capital endowment in
multiple dimensions and improving their ecological awareness through various channels.
Creating a supportive external environment that aligns with green production practices is
also deemed critical.
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Appendix A

Table A1. Results of Exploratory Factor Analysis.

Observation Indicator Factor 1 Factor 2 Factor 3 Factor 4 Communality

Status of rural animals −0.144 −0.042 0.041 0.811 0.681
Status of rural plants −0.033 −0.052 0.032 0.859 0.742

Status of rural ecology 0.298 0.039 −0.055 0.508 0.352
Understanding of “ecology” 0.232 0.762 0.099 −0.065 0.649

Understanding of “global warming” 0.471 0.585 0.012 0.094 0.573
Understanding of “lucid waters and
lush mountains are invaluable assets” 0.319 0.715 0.135 −0.04 0.633

Understanding of government
ecological policies −0.044 0.634 0.144 −0.015 0.425

Participate in rural garbage sorting 0.153 0.151 0.680 −0.088 0.516
Learn knowledge and technology 0.059 0.178 0.772 −0.005 0.631

Provide voluntary labor −0.016 0.116 0.677 −0.015 0.472
The necessity of rural governance 0.231 −0.072 0.567 0.166 0.408

CO2 emissions 0.836 0.263 0.113 −0.077 0.787
Energy saving 0.833 0.244 0.126 −0.138 0.789

Hazards of phosphorus-containing
detergents 0.599 0.071 0.213 0.225 0.46

Characteristic root 2.323 2.050 1.967 1.778
Variance contribution (%) 16.593 14.646 14.047 12.703

Cumulative variance contribution (%) 16.593 31.239 45.286 57.989
KMO measure of sampling adequacy 0.758

Cronbach’s Alpha 0.707
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Table A2. Instrumental variable test.

Test Endogeneity Test Relevance Test Overidentification Test

Hausman test 3.266 *
(0.071)

Kleibergen–Paap rk LM statistic 53.527 ***
(0.000)

Kleibergen–Paap Wald rk F statistic 31.767
[19.93]

Hansen J statistic 0.475
(0.491)

Note: * and *** denote significance at the 10% and 1% levels. p-value is in parentheses; the 10% critical value of
the Stock–Yogo test is in square bracket.

Table A3. Balance test results.

Variable Unmatched Mean
Bias (%) Reduct |Bias|

(%) t-Test
Matched Treated Control

Sex
U 0.815 0.678 31.80 3.67 ***
M 0.813 0.817 −0.8 97.6 −0.10

Age U 48.598 51.260 −24.70 −2.86 ***
M 48.583 48.273 2.9 88.3 0.32

Ethnicity U 0.665 0.716 −11.0 −1.28
M 0.663 0.657 1.2 89.0 0.13

Fluctuations in agricultural production U 3.142 2.886 18.0 2.09 **
M 3.131 3.216 −6.0 66.7 −0.69

Certification of agricultural products U 0.055 0.014 22.7 2.69 ***
M 0.048 0.032 8.7 61.5 0.91

Village committee regulation U 0.091 0.076 5.2 0.61
M 0.091 0.097 −2.0 61.0 −0.22

Agricultural waste collection site U 0.157 0.097 18.2 2.13 **
M 0.155 0.140 4.6 74.9 0.48

Regional dummy variable

Haikou
U 0.390 0.374 3.3 0.38
M 0.385 0.388 −0.7 79.4 −0.08

Lingshui U 0.224 0.225 −0.1 −0.01
M 0.226 0.213 3.1 −2458.7 0.35

Dongfang U 0.150 0.204 −14.3 −1.66 *
M 0.151 0.154 −1.0 93.3 −0.11

Note: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in parentheses.

Table A4. Robustness tests of the benchmark regression and moderation effect.

Variable Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11

Ologit Ologit OLS OLS Oprobit Oprobit Ivoprobit_CMP

Capital endowment 3.137 *** 1.577 *** 1.772 *** 1.474 ***
(0.632) (0.307) (0.374) (0.403)

Natural capital 5.829 * 3.036 * 4.669 **
(3.480) (1.769) (2.115)

Economic capital 3.021 *** 1.439 *** 1.479 **
(1.112) (0.541) (0.652)

Human capital 5.527 * 2.755 * 2.332
(2.831) (1.419) (1.746)

Social capital 2.070 * 1.087 * 1.243 *
(1.199) (0.609) (0.741)

Ecological cognition 0.375 ** 0.387 ** 0.198 ** 0.201 ** 0.203 * 0.207 * 0.670 **
(0.172) (0.177) (0.087) (0.089) (0.107) (0.110) (0.274)

Environmental regulation 0.888 *** 0.864 *** 0.460 *** 0.446 *** 0.660 *** 0.656 *** 0.446 **
(0.280) (0.281) (0.138) (0.140) (0.171) (0.173) (0.193)
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Table A4. Cont.

Variable Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11

Ologit Ologit OLS OLS Oprobit Oprobit Ivoprobit_CMP

Capital endowment ×
Environmental regulation

−0.366
(1.074)

Ecological cognition ×
Environmental regulation

0.823 ***
(0.282)

Sex −0.025 −0.036 −0.000 −0.007 −0.003 −0.012 −0.055
(0.203) (0.203) (0.101) (0.102) (0.123) (0.123) (0.122)

Age −0.010 −0.010 −0.005 −0.005 0.002 0.002 −0.005
(0.008) (0.008) (0.004) (0.004) (0.006) (0.006) (0.005)

Ethnicity −0.993 *** −0.989 *** −0.440 *** −0.432 *** −0.511 *** −0.510 *** −0.479 ***
(0.292) (0.294) (0.138) (0.139) (0.165) (0.167) (0.159)

Fluctuations in agricultural
production

0.143 ** 0.140 ** 0.070 ** 0.068 ** 0.069 ** 0.067 * 0.068 *
(0.058) (0.058) (0.029) (0.029) (0.035) (0.035) (0.035)

Certification of agricultural
products

−0.691 −0.789 * −0.371 −0.406 * −0.470 * −0.498 * −0.502 *
(0.453) (0.465) (0.227) (0.232) (0.261) (0.267) (0.260)

Village committee
regulation

0.213 0.224 0.137 0.142 0.136 0.138 0.173
(0.296) (0.299) (0.151) (0.152) (0.179) (0.180) (0.171)

Agricultural waste
collection site

0.588 ** 0.572 ** 0.258 ** 0.251 * 0.418 *** 0.415 *** 0.253 *
(0.253) (0.253) (0.127) (0.128) (0.153) (0.153) (0.146)

Regional dummy variables
Haikou 1.495 *** 1.530 *** 0.705 *** 0.720 *** 0.858 *** 0.888 *** 0.765 ***

(0.341) (0.347) (0.163) (0.165) (0.199) (0.203) (0.189)
Lingshui 1.386 *** 1.484 *** 0.662 *** 0.713 *** 0.844 *** 0.930 *** 0.749 ***

(0.278) (0.294) (0.135) (0.143) (0.160) (0.171) (0.156)
Dongfang 1.372 *** 1.419 *** 0.609 *** 0.630 *** 0.787 *** 0.807 *** 0.706 ***

(0.367) (0.382) (0.176) (0.183) (0.213) (0.223) (0.202)
Prob > chi2 0.000 0.000 0.000 0.000 0.000 0.000
Pseudo R2 0.082 0.084 0.093 0.094

Adjusted R2 0.219 0.222
lnsig_2 −0.849 ***

atanhrho_12 −0.222 *
Obs. 543 543 543 543 481 481 543

Note: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in parentheses.

Table A5. Bootstrap mediation effect test.

Function Route Direct
Effect

Indirect
Effect 95% CIs Percentage of

Mediation Effect

capital endowment→ ecological cognition
→ farmers’ green production behavior

1.669 *** 0.168 ** [0.062, 0.331] 9.16%

(0.321) (0.068)
natural capital→ ecological cognition
→ farmers’ green production behavior

5.706 *** 0.344 [−0.129, 0.985] -
(1.648) (0.274)

economic capital→ ecological cognition
→ farmers’ green production behavior

1.991 *** −0.027 [−0.218, 0.149] -

(0.550) (0.092)
human capital→ ecological cognition
→ farmers’ green production behavior

4.312 *** 0.885 *** [0.376, 1.678] 17.02%
(1.457) (0.320)

social capital→ ecological cognition
→ farmers’ green production behavior

1.800 *** 0.486 *** [0.196, 0.877] 21.25%
(0.611) (0.173)

Note: nonparametric percentile Bootstrap method with bias corrected; 5000 bootstrap samples. ** and *** denote
significance at the 5%, and 1% levels, respectively. Standard errors are in parentheses.
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