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Abstract
While most studies focus on the impact characteristics of farmers and family economic 
traits have on participation in rural environmental improvement, few studies focus on the 
relationship between farmers’ environmental awareness and rural residential environment 
improvement. Based on the survey data of 200 farmers in Sichuan Province, this paper 
divides farmers’ environmental awareness into three dimensions: environmental problem 
cognition, environmental pollution tolerance, and environmental protection attitude and 
constructs a binary logistic regression model to explore the relationship between farm-
ers’ environmental awareness and the improvement of rural residential environment. The 
results show that the rural residential environment in Sichuan Province still faces some 
challenges, and farmers’ environmental awareness significantly influences their improve-
ment behaviors. Higher levels of environmental problem cognition can promote farmers’ 
participation in environmental improvement, but sensitive environmental pollution toler-
ance does not promote environmental improvement behavior. Positive environmental atti-
tudes have both positive and negative effects on improving behavior. In addition, individual 
characteristics of farmers, household economic aspects, and nonpoint source pollution sta-
tus of their residence also affect their participation in rural environmental improvement to 
varying degrees. This study can help us better understand the explanatory role of farm-
ers’ subjective consciousness in their environmental behavior decision-making and thus 
provide support for the formulation and implementation of policies of human settlements 
improvement.
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1  Introduction

With the development of the world economy, people have created colossal material wealth 
and caused many environmental problems (Scheffran & Battaglini, 2011; Schwarzenbach 
et  al., 2010). The Global Environmental Outlook, released by the fourth United Nations 
environment conference, says one-quarter of all premature deaths and diseases worldwide 
are caused by artificial pollution and environmental damage (UN Environment, 2019). The 
environment in which we live has suffered tremendous damage. How to effectively manage 
environmental problems is a significant issue faced by all countries in the world. As the 
world’s largest carbon emitter, China’s environmental pollution has become increasingly 
severe during the past two decades of rapid economic growth (Lu et  al., 2017; Shapiro, 
2016). For example, the Songhua River water pollution incident in 2005 (Li et al., 2008), 
the large-scale smog outbreak in 2013 (Cheng et al., 2017), and the Quangang carbon leak-
age incident in Fujian Province in 2018 (Wang et al., 2020). These pollution incidents seri-
ously endangered social stability and people’s health and impacted China’s ecological civi-
lization (a strategic decision made by the 18th National Congress of the Communist Party 
of China to realize sustainable development). Government must carry out environmental 
improvement work to solve various environmental problems. At the same time, due to the 
lack of investment in environmental protection in rural areas for a long time, it is more dif-
ficult to carry out residential environment improvement in rural areas than in urban areas 
(Long et al., 2016). Against this background, the 19th National Congress of the Communist 
Party of China (CPC) puts forward the rural revitalization strategy, which called for efforts 
to solve great problems and improve rural living environments. As a traditional agricul-
tural production area, Sichuan Province’s rural environmental problems are very promi-
nent. According to a report (Zhao, 2014), the harmless treatment rate of rural household 
garbage in Sichuan Province is only 5.05%. (Harmless treatment rate refers to the percent-
age of the amount of harmless treated solid waste in the total amount of solid waste.) The 
average treatment rate of rural domestic sewage is only 20%. Therefore, improving Sichuan 
Province’s rural living environment is extremely urgent as the first battle of China’s rural 
revitalization strategy.

In recent years, China has vigorously carried out a policy-driven campaign to improve 
the rural residential environment. All regions and departments have conscientiously imple-
mented the arrangements of the Party Central Committee and regarded the improvement of 
the rural residential environment as an essential part of the construction of a new socialist 
countryside (Yu, 2019). However, the filthy rural residential condition is still a major soci-
oeconomic drawback for some areas (Peng & Zhang, 2019; Wang et al., 2017). It stands to 
reason that with the improvement of rural infrastructure construction and the equalization 
of urban and rural essential public services, the quality of the current rural human settle-
ment environment should have been significantly improved. Why does this phenomenon 
occur? The academic circle has conducted a lot of explorations on this issue. Researchers 
generally believe that improving the rural residential environment is a long-term process, 
which requires sufficient time and the effective participation of the majority of rural resi-
dents (Dang et al., 2017; Kochskämper et al., 2016; Lo, 2015; Luo & Miao, 2019). There-
fore, the lack of attention to the participation of villagers in the environmental governance 
process is the main reason for the current governance dilemma. Rural environmental prob-
lems are an objective result of farmers’ environmental behavior. Fundamentally speaking, 
the environmental behavior of farmers has a direct and fundamental impact on their living 
environment (Wang et al., 2018). There are positive and negative environmental behaviors, 
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and positive environmental behaviors have good ecological benefits. Therefore, whether 
the conduct of farmers can be reasonably guided, influenced, and changed to meet envi-
ronmental protection requirements is a critical factor for the success of rural residential 
environment improvement.

There has been significant research into the factors that influence the participation of 
farmers in the construction of living environments. Previous research provided a scientific 
basis for relevant policymaking, but there are still limitations. First, relatively few studies 
focus on rural environmental improvement compared with those focusing on urban envi-
ronmental improvement (Kjellstrom et  al., 2007; Li et  al., 2018; Xi et  al., 2015). While 
the urban environment is improving, environmental pollution in rural areas is becoming 
more and more prominent (Dzikiewicz, 2000; Hendryx et al., 2010; Ongley et al., 2010; 
Reddy & Behera, 2006). Second, most of the existing studies focus on a singular aspect of 
improvement for the rural environment, such as the treatment of household garbage (Han 
et al., 2018; Liu & Wang, 2012; Tian et al., 2018; Zeng et al., 2016), sanitary toilet renova-
tion (Chen et al., 2013; Cheng et al., 2018; Miao et al., 2012), or domestic sewage treat-
ment (Barnes et al., 2009; Fu et al., 2018). This singular focus lacks attention to multiple 
measures for the holistic improvement of rural living environments. Third, the explora-
tion of the factors influencing farmers’ participation has been limited (Dessart et al., 2019; 
Prager & Posthumus, 2010). Although many studies have analyzed the factors that affect 
farmers’ involvement in environmental improvement, most of them focus on the impact 
of individual characteristics and family economic status; few focus on farmers’ subjective 
consciousness. It is generally believed that the socioeconomic characteristics of the house-
hold head and family will influence farmers’ participation in environmental improvement 
(Min et al., 2019). However, individual psychological factors such as subjective conscious-
ness and attitude can also predict and explain human behavior (Beedell & Rehman, 2000; 
Duan & Jiang, 2008). By including farmers’ environmental awareness in the explanatory 
variables and studying the influence of psychosocial variables on farmers’ environmental 
protection decisions, the accuracy of models to predict farmers’ environment improvement 
decisions can be further strengthened. In addition, environmental awareness is generally 
believed to positively impact people’s environmentally friendly behavior (Amir et al., 2021; 
Vogel, 1996; Wu & Mweemba, 2010). However, the applicability of this conclusion in the 
Chinese rural environment remains to be verified. Due to the deep-rooted living habits of 
traditional Chinese farmers, the increase in environmental awareness may not be consistent 
with the change in their environmental behavior. At the same time, as a subjective emo-
tion, farmers’ environmental awareness is often subject to their experimental conditions 
and resources when they are transformed into actual actions and often presents a phenom-
enon of high willingness and low behavior (Michel-Guillou & Moser, 2006). Therefore, 
it is necessary to measure the level of farmers’ environmental awareness and analyze the 
impact of farmers’ environmental awareness on environmentally friendly behavior. Fourth, 
most existing literature focuses on qualitative analysis, lacking empirical study based on 
fieldwork data (Hu et al., 2006; Han et al., 2016; Ling & Deng, 2011; Wang et al., 2008).

The study has been conducted in Sichuan, a large traditional agricultural province of 
China. It uses the sample survey data of 200 village households and subdivides farmers’ 
environmental awareness into environmental problem cognition, environmental pollution 
tolerance, and environmental protection attitude. Based on controlling farmers’ character-
istics, family characteristics, and living environment characteristics, this study constructed 
a binary logistic regression model to pay attention to the impact of environmental aware-
ness on farmers’ participation in rural residential environment improvement. In addi-
tion, the study further explores the factors that influence farmers’ behavioral decisions in 
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environmental improvement, intending to provide support for improving rural human set-
tlement environment policies.

2 � Study area and data source

2.1 � Study area

Sichuan Province is located in the hinterland of southwest China, in the upper reaches of 
the Yangtze River, with a land area of 486,000 km2. Its terrain is complex, with a distribu-
tion of mountains, hills, plains, and plateaus. The region is in the subtropical zone, and due 
to the alternation of topography and varying monsoon circulation, the climate is complex 
and diverse (Guo et al., 2019; Xu et al., 2017). These weather conditions have led to vari-
ous land uses, animal and plant resources, and natural geographical landscapes. Sichuan 
Province enjoys special agricultural production conditions and is an essential agricultural 
economic region (Huang et al., 2020; Xie et al., 2019); however, the overuse of chemical 
fertilizers and pesticides in recent years has led to severe issues with agricultural nonpoint 
source pollution. In 2008, to promote controlling rural pollution in agriculture, the Gen-
eral Office of Sichuan Provincial Party Committee and the Provincial Government Office 
jointly issued a three-year action plan for improving the rural living environment. Extended 
into 2020, it strives to achieve more than 90% of sorted household waste disposal, 85% 
sanitary toilets, and around 50% access to rural sewage treatment and recycling.

2.2 � Data source

The data used in this study are from Sichuan Province in 2018, gathered via the China 
Rural Development Survey (CRDS) conducted by the Institute of Geographical Resources 
of the Chinese Academy of Sciences (Shui et  al., 2021). The research adopted stratified 
sampling first and then random sampling with equal probability to determine the survey 
samples to ensure that the survey samples are typical and representative (Cao et al., 2018; 
Rozelle, 1996). Firstly, 183 districts in Sichuan Province were divided into five groups 
according to per capita industrial output value. We randomly selected one section from 
each group to obtain five sample districts. The five sample districts are Jiangyou, Yantan, 
Shehong, Guangan, and Yuanba, and their economic level decreases successively. Sec-
ondly, the towns in each sample district were randomly divided into two groups through 
the same method. Then, we randomly selected one town from each group to obtain two 
towns, and finally, we got ten sample towns. Thirdly, two administrative villages were ran-
domly selected from each sample according to the socio-economic development level and 
location. Finally, ten households were randomly selected using the village roster and a ran-
dom number table. This process resulted in a sample of 200 families, which completed the 
questionnaire. The distribution diagram of sample villages is shown in Fig. 1.

3 � Theoretical analysis and research hypotheses

According to the theory of planned behavior, individual behavior is not only influenced 
by behavioral intention; it is also restricted by actual control conditions such as ability, 
opportunity, and resources (Ajzen, 1991). On the premise that conditions are fully met, 
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behavioral intention directly determines behavior, while behavioral attitude, subjective 
norm, and perception of behavioral control determine behavioral meaning. This indicates 
that an individual’s consciousness, attitude, and other psychological factors can also pre-
dict and explain human behavior. By incorporating environmental awareness into explana-
tory variables and studying the impact of social-psychological variables on farmers’ envi-
ronmental protection decisions, the model can further strengthen the interpretation and 
predictability of farmers’ environmental behavior decisions. Farmers’ participation in envi-
ronmental improvement is influenced by their willingness to change, which is influenced 
by factors such as individual subjective consciousness, family economy, labor pressure, 
and the degree of benefit they will gain from the improvements to the environment (Gif-
ford & Nilsson, 2014). In recent years, the theory of planned behavior has been constantly 
revised and improved, further verified and promoted through many theoretical and empiri-
cal studies (De Leeuw et al., 2015; Kautonen et al., 2015). These studies demonstrate that 
consciousness is a primary behavior variable, but consciousness and conduct do not show 
natural consistency (Huang et al., 2016).

Thus, increasing farmers’ cognition of environmental improvement can facilitate a cor-
responding subject consciousness (Yu & Yu, 2019). In theory, farmers with higher levels 
of environmental awareness are more likely to engage in behavior related to environmental 
protection (Liobikienė & Juknys, 2016). For example, Liu et al. (2013) found that farm-
ers’ ecological cognition significantly impacted their environmental behavior decision-
making. Using analysis of an integrated model, Wang et al. (2019) concluded that farm-
ers who are sensitive to the threat of water deterioration have a more vital willingness to 
perform governance. Gao (2018) also found that there is a significant positive correlation 
between environmental attitude and environmental behavior. However, the improvement 

Fig. 1   Distribution of sample villages
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of environmental awareness and changes in ecological behavior is not necessarily synchro-
nized. In fact, most people do not consistently adopt behaviors consistent with their envi-
ronmental attitudes (Kuhlemeier et al., 1999). Wang and Gu (2012) showed that farmers’ 
level of environmental cognition was inconsistent with their actual behavioral decisions. 
Environmental awareness influences environmental protection behavior, but its internal 
mechanism of action requires further in-depth analysis.

Based on the characteristics of farming households, this study summarized the environ-
mental awareness factors affecting farmers’ participation in rural environmental improve-
ment into three dimensions: cognition of environmental problems, tolerance of environ-
mental pollution, and attitude toward environmental protection. These dimensions resulted 
in the following research hypotheses:

H1  The cognition of environmental problems has a significant positive impact on the farm-
ers’ participation in rural improvement.

H2  The tolerance of environmental pollution has a significant negative impact on farmers’ 
participation in rural improvement.

H3  Positive attitudes toward environmental protection have a significant positive impact 
on farmers’ participation in rural improvement.

4 � Method

4.1 � Measurements

4.1.1 � Dependent variable

Improving the rural residential environment is a broad concept. This article draws on the 
three-year action plan issued by the Rural Human Settlements Improvement Office of the 
State Council. It defines improvements as the classification and treatment of domestic 
waste, the use of flush toilets, and the treatment of domestic sewage. These actions are used 
to determine farmers’ participation in residential environment improvement (Min et  al., 
2019; Peng & Zhang, 2019). In the questionnaire results, an answer of “yes” is given a 1, 
indicating participation in the action described. Conversely, a response of “no” is given a 0, 
indicating no involvement in the activity described.

4.1.2 � Independent variables

The main objective of this study is to explore the relationship between farmers’ awareness 
of environmental protection and their participation in residential environment improve-
ment. Based on Diekmann et al., 2001’s theoretical field of environmental awareness, stud-
ies by Huang et al., 2016 and Michel-Guillou, 2006, and the actual investigation area, the 
study intends to measure farmers’ environmental awareness across the three dimensions 
of environmental problem cognition, environmental pollution tolerance, and environmen-
tal protection attitude. These three dimensions can be further subdivided into nine items. 
There are two ways to answer specific questions: “yes” and “no.” In the dimension of envi-
ronmental problem cognition, the values of “correct” and “wrong” were assigned to “1” 
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and “0,” respectively. For environmental pollution tolerance and environmental protec-
tion attitude, “yes” and “no” were, respectively, assigned values of “1” and “0.” Finally, 
the scores of all the specific problems in each dimension were added together. Before the 
follow-up analysis, the research used Cronbach’s α to test the reliability of the above three 
dimensions to ensure the internal consistency of the research design index system. The 
results show that Cronbach’s α of the nine questions is 0.62, and Cronbach’s α of the three 
dimensions is also > 0.6. This indicates that the reliability and stability of the environmen-
tal awareness variables used in this study are relatively good, as shown in Table 1.

4.1.3 � Controlled variables

To not overestimate or underestimate the impact of farmers’ environmental awareness on 
their participation in rural residential environment improvement, we referred to Fu et al. 
(2018), Jallow et  al. (2017), Liu and Wang (2012), Min et  al. (2019). We included fac-
tors that may influence farmers’ improvement behavior as the primary control variables. 
These control variables included the individual characteristics of the interviewees, the fam-
ily economic characteristics, and the characteristics of the farmers’ living environments. 
Among them, individual characteristics are represented by age, gender, and years of educa-
tion; family characteristics are described by the number of family population and family 
wealth; the features of the environment in which farmers live are illustrated by nonpoint 
source pollution, including the breeding of livestock and poultry, the use of mulch and the 
pollution around the home. The model involves variable definition and data description, as 
shown in Table 2.

4.2 � The empirical model

The dependent variable of this study is the behavior of farmers to improve the rural living 
environment, which is three dichotomous variables. Because of the distribution character-
istics of dependent variables, this study intends to use the binary logistic regression model 
for subsequent analysis. The model estimation formula is as follows:

where ln
(
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adjusted model (Model 3, Model 6, and Model 9). The data analysis was implemented by 
Stata 15.1 MP version.

5 � Results

5.1 � Descriptive analysis

Table 2 shows the results of descriptive statistical analysis of all variables in the model. 
The situation is not optimistic when looking at the domestic waste treatment methods. Only 
23% of farmers classify domestic waste, and direct disposal is still the primary method of 
domestic waste treatment. The penetration rate of sanitary toilets has reached 65%, which 
indicates that the toilet revolution has been effective. However, there is still much room for 
improvement before getting the popularity level of urban sanitary toilets. Although only 
40% of farmers discharge domestic sewage everywhere, less than half of the total number 
of farmers in the sample, the figure is still high.

As far as the core variables are concerned, the environmental protection attitude and 
environmental problem cognition scores are relatively high at 2.63 and 2.35, respectively. 
However, the environmental pollution tolerance score was only 1.19. This shows that farm-
ers have a positive attitude toward environmental protection and have a high understand-
ing of ecological problems. Still, they offer a high tolerance for environmental pollution 
problems in rural areas. In addition, as shown in Fig. 2, the study further tested the differ-
ences in farmers’ environmental awareness in the selected sample counties. In the five sam-
ple counties, the average scores of farmers’ environmental awareness in three dimensions 
showed similar distributions. Among them, the score difference of environmental pollution 
tolerance is the smallest, and the score difference of environmental protection attitude and 
environmental problem cognition is relatively significant. 

In terms of control variables, the sample farmers were mainly middle-aged or elderly 
and male, with 56% male participation and an average age of 61.80  years. The average 

Table 1   Reliability test of characteristic variables of environmental awareness

Dimension Item Cronbach’s α

Environmental prob-
lem cognition

Do you think organic fertilizer pollutes farmland? 0.7005
Do you think farmyard manure pollutes farmland?
Do you think that returning straw to the field pollutes farmland?

Environmental pollu-
tion tolerance

Has man-made environmental pollution become more and more 
serious in your area in recent years?

0.6013

Has water pollution in your area become more and more serious in 
recent years?

Have you ever been dissatisfied with the environmental pollution 
around you?

Environmental pro-
tection attitude

Are you willing to take the time to protect the environment from 
pollution?

0.6795

Are you willing to pay money to protect the environment from 
pollution?

Are you willing to strengthen the study and practice of environ-
mental protection in the future?
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Table 2   Descriptive analysis of variables

a See Table 1 for the specific problem items

Category Variable Definition Mean SD

Dependent
variable

Garbage Whether to sort and dispose of household 
waste (1 = yes, 0 = no)

0.23 0.42

Toilet Whether to use a flush toilet or not (1 = yes, 
0 = no)

0.65 0.48

Sewage Whether to discharge domestic sewage 
everywhere (1 = yes, 0 = no)

0.40 0.49

Environmental aware-
ness

Environmental
problem cognition

One point for correct answers, full score 
is 3a

2.35 0.98

Environmental
pollution tolerance

One point for positive answers, full score 
is 3a

1.19 1.01

Environmental 
protection 
attitude

One point for positive answers, full score 
is 3a

2.63 0.76

Individual
characteristics

Age Farmer’s age (year) 61.80 10.85
Gender Farmer’s gender (1 = male, 0 = female) 0.56 0.50
Education Years of schooling (year) 5.53 3.61

Household
characteristics

Family size Actual survey value (person) 4.96 1.76
Household wealth Sum of household cash income and present 

value of fixed assets (ten thousand Yuan)
35.08 33.58

Living environment 
characteristics

Livestock and 
poultry

Whether to breed livestock and poultry 
(1 = yes, 0 = no)

0.67 0.47

Mulch Whether to use mulch (1 = yes, 0 = no) 0.36 0.48
Pollution Is there any industrial or industrial pollution 

near your home (1 = yes, 0 = no)
0.15 0.36

Fig. 2   Statistics on average scores of farmers’ environmental awareness in sample counties
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length of schooling was only 5.53 years. The sample households had large household pop-
ulations, with an average of 4.96 people per household. However, the wealth of each fam-
ily varied greatly. The highest value was 2,157,800 Yuan, and the lowest value was 4600 
Yuan, with a mean value of 350,800 Yuan and a standard deviation as high as 335,800 
Yuan. The nonpoint source pollution situation of the sample farmers was better, with a 
livestock and poultry breeding rate of 67%, a plastic film utilization rate of 36%, and an 
industrial pollution rate of 15%.

5.2 � Model analysis

Table 3 reports the estimated results of the influencing factors. It indicates that the impact 
of farmers’ environmental awareness on their participation in ecological improvement 
decisions is relatively robust. Therefore, the subsequent analysis is based predominantly on 
Model 2 and 3, Model 5 and 6, and Model 8 and 9. According to Wald statistics, the three 
models with control variables passed the overall significance test, indicating that at least 
one independent variable had a significant correlation with the dependent variable in the 
model. The explanatory ratio of independent variables to dependent variables was between 
18 and 22%. At the same time, the multicollinearity among variables should be considered 
in the cross section data. After the regression, each model’s VIF (Variance inflation factor) 
values were calculated; the maximum VIF is 1.45, which is far less than 10. Therefore, the 
multicollinearity among variables can be ignored.

The model estimation results show that farmers’ environmental awareness will sig-
nificantly influence their participation in improving rural residential environments. The 
results also show that their environmental problem cognition, environmental pollution tol-
erance, and environmental protection attitude all substantially influence their involvement 
in improving rural living environments. For every point increase in the cognition score 
of environmental problems, the probability of sorting and disposing of household garbage 
is increased by 9%. However, the effect of environmental awareness on the use of flush-
ing toilets and the discharge of domestic sewage was not significant. This indicates that 
while extensive government initiatives and popularized knowledge of environmental pro-
tection have enhanced farmers’ cognition of environmental problems, farmers’ understand-
ing of environmental problems does not contribute effectively to the behavior of ecological 
improvement. Therefore, cognition plays a minimal role in the factors that affect farm-
ers’ participation in the decision-making of rural residential environment improvement. 
Although farmers with higher environmental pollution tolerance scores demonstrated more 
excellent perceptions of deteriorating rustic environmental quality, every point increase in 
its score also reduced the likelihood of using flushing toilets by 8%. It increased the likeli-
hood of discharging domestic sewage by 7%. That is to say, the environmental pollution 
tolerance of farmers is an obstacle to their participation in environmental improvement. 
The possible reason is that the tolerance of environmental pollution of farmers only repre-
sents their subjective emotions. Still, the transformation of emotion into practical action is 
often restricted by the actual control conditions such as their ability and resources (Huang 
et al., 2016). Therefore, farmers with low environmental pollution tolerance may also give 
up participating in improving the human settlement environment due to their lack of time, 
money, and labor. In terms of environmental protection attitude, every point increase in the 
score of farmers’ environmental protection attitude leads to a 9% increase in the probabil-
ity of using flushing toilets and an 8% decrease in the likelihood of discharging domestic 
sewage everywhere. However, they are also a 10% decrease in the probability of sorting 
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household waste. This shows that environmental protection attitude has both positive and 
negative effects on a households’ participation in environmental improvement. The posi-
tive influence may be since the government has vigorously promoted the construction of 
human settlement environment in recent years, which makes the majority of farmers have a 
positive attitude toward environmental protection, thus increasing their participation prob-
ability to a certain extent. The negative influence may be because, compared with the treat-
ment of toilets and domestic sewage, the classification and treatment of household wastes 
are more complicated, and it is necessary to distinguish between perishable and non-per-
ishable wastes (Tong et al., 2020). Due to the effect of the traditional lifestyle, farmers are 
not accustomed to this method, which results in the discrepancy between the positive atti-
tude and the actual participation.

The models also demonstrate that the household’s characteristics and economic char-
acteristics can influence the use of flushing toilets and the discharge of domestic sewage. 
The regression slope coefficient between the age of farmers and the use of flushing toilets 
is negative. In contrast, the correlation coefficient between the generation of farmers and 
the discharge of domestic sewage is positive, indicating that older farmers are less will-
ing to use flushing toilets and more likely to discharge domestic wastewater. Fewer years 
of education also indicate a higher likelihood of discharging domestic sewage. Household 
wealth significantly impacts whether farmers use flushing toilets, but its marginal effect is 
negligible. For every 10,000 Yuan increase in per capita household wealth, the probability 
of farmers using flushing toilets only increases by 0.5%. At the same time, gender and fam-
ily populations do not significantly influence the household’s participation in environmen-
tal improvement. Finally, the nonpoint source pollution in the living environment will also 
affect households’ participation in rural ecological advances. Specifically, the more serious 
the nonpoint source pollution, the more the possibility of sorting and disposing of domestic 
waste and the less likely the possibility of discharging domestic waste everywhere, but it 
also reduces the possibility of using flushing sanitary toilets.

6 � Discussions

The purpose of this study was to explore the effect of farmers’ environmental awareness on 
their participation in improving the rural human settlement environment. Compared with 
previous studies, this study has two contributions: First, different from the existing studies, 
which only focus on the environmental awareness of farmers and the single environmental 
improvement behavior, this study systematically expands the dimension of farmers’ envi-
ronmental awareness and the mode of human settlement environment improvement behav-
ior, which is more in line with the reality of China. Second, the study verified the research 
hypothesis by using the data from the primary survey of farmers in the typical hilly areas 
of Sichuan Province, and it empirically explored the relationship between environmental 
awareness and environmental improvement behavior. The study area is a traditional agri-
cultural area in China, and the living environment is relatively severe. The results of this 
study can provide a reference for the improvement of the rural human settlement environ-
ment in China and other developing countries.

Similar to the research results of Liu et al. (2013) and Liobikienė and Juknys (2016), 
this study also found that the cognition of environmental problems and the positive atti-
tudes toward environmental protection has a significant positive impact on the farm-
ers’ participation in rural residential environment improvement (confirm H1 and H3). 
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Specifically, suppose farmers have a high awareness and understanding of environmen-
tal issues. In that case, they will often realize the risk of environmental pollution caused 
by negative behaviors, thereby reducing negative environmental behaviors and increas-
ing behaviors with good ecological benefits. Farmers with a positive attitude toward 
environmental protection are usually very willing to participate in actions to protect and 
improve the environment, so they are also active groups in the construction of rural 
human settlements. On the other hands, the empirical results also show that a low level 
of environmental pollution tolerance does not promote environmental improvement 
behaviors (reject H2). This may be because the sensitive tolerance of environmental 
pollution only represents the farmers’ aversion to corruption. Still, the actual change 
of action is also limited by time and resources, so consciousness and action may be 
inconsistent. This is consistent with the studies of Huang et al. (2016), Michel-Guillou 
(2006), Wang and Gu (2012) that found farmers’ commitment to environmental action 
depends more on social factors than their environmental awareness, and that higher 
environmental awareness does not necessarily lead to desired behavioral decisions. The 
result noted that gender and family population had no significant influence on the house-
hold’s participation in environmental improvement. For example, Fu et al. (2018) found 
that women are more willing to participate in sewage treatment than men, and Min et al. 
(2019) found a significant positive correlation between the number of family members 
and the use of flushing toilets. For every one-person increase in the family, the prob-
ability of farmers using flushing toilets increased by 1.8%. This may be because Sichuan 
is a typical labor export province, and many young workers are migrant workers. Thus, 
there is a lack of participation in building drainage facilities and compost toilets for 
their families, or because the cost and actual use of such utilities are not equal.

In addition to expanding the existing literature, these findings also have significance 
for developing environmental policies. According to our results, farmers in developing 
countries are often restricted by their access to resources and exhibit a low conversion 
rate from emotional intention to practical action when making residential environment 
improvement decisions. Therefore, policymakers should work to establish effective sup-
port mechanisms to facilitate farmers’ participation in environmental improvement. At 
the same time, the government should increase educational initiatives so that farmers 
can understand the importance and urgency of environmental progress. This would 
promote the transformation from psychological cognition to behavioral action. In fact, 
China has experimented with relevant laws and regulations in many places (such as 
Shanghai, Beijing, and other cities demonstrating garbage classification). Practice shows 
that these policies have played a significant role in improving residents’ awareness of 
environmental protection. However, if these policies are widely adopted in China, their 
applicability may need further verification.

This study does contain some gaps which can be explored in future research. For 
example, this study only uses cross-sectional data to examine the impact of environ-
mental awareness on farmers’ participation in rural environmental improvement. How-
ever, environmental awareness and farmers’ environmental improvement behavior are 
dynamic processes, and panel data could further explore the causal relationship between 
them. Furthermore, environmental awareness is a broad concept that has not yet been 
defined or measured. This study only explored three dimensions of environmental 
awareness: cognition of environmental problems, tolerance of environmental pollution, 
and attitude toward environmental protection. Future studies could explore the impact of 
environmental policy cognition on environmental improvement behavior.
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7 � Conclusions

This study uses a binary logistic regression model to analyze the relationship between 
farmers’ environmental awareness and their three environmental improvement behav-
iors. The empirical results show that environmental awareness is an essential factor that 
affects farmers’ behaviors to improve the rural residential environment, and farmers’ 
subjective awareness can effectively predict their environmental improvement behav-
iors. In addition, environmental awareness has different effects on different improvement 
behaviors. On the one hand, the improvement of environmental awareness is conducive 
to ecological improvement behaviors, especially for sorting and disposing of domestic 
waste. On the other hands, the impact of environmental awareness on improving behav-
ior is not significant or even harmful. Higher environmental awareness does not neces-
sarily lead to positive behavioral decisions. Therefore, these results help us better under-
stand the explanatory role of farmers’ subjective consciousness in their environmental 
behavior decision-making and may help increase the participation rate in the construc-
tion of rural human settlements in the future.

Acknowledgements  We gratefully acknowledge financial support from National Natural Science Founda-
tion of China (No. 41801221), the Dual Support Plan of Sichuan Agricultural University and Undergradu-
ate research interest cultivation program in 2020 of Sichuan agricultural university (No. 2020466; No. 
2020465). The authors also extend great gratitude to the anonymous reviewers and editors for their helpful 
review and critical comments.

Author contributions  Chen Qing and Dingde Xu contributed to conceptualization and writing—review and 
editing; Chen Qing was involved in data curation; Chen Qing, Shili Guo, and Dingde Xu contributed to for-
mal analysis, writing—original draft; Dingde Xu was involved in funding acquisition; Xin Deng contributed 
to investigation and software;

Funding  This research was funded by the National Natural Science Foundation of China (No. 41801221), 
the Dual Support Plan of Sichuan Agricultural University, and the Undergraduate research interest cultiva-
tion program in 2020 of Sichuan agricultural university (No. 2020466; No. 2020465).

Declarations 

Conflict of interest  The authors declare no conflict of interest.

References

Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human Decision Pro-
cesses, 50(2), 179–211. https://​doi.​org/​10.​1016/​0749-​5978(91)​90020-t

Amir, N., Abbasi, E., & Bijani, M. (2021). Paddy farmers’ pro-environmental behavior based on virtue-eth-
ical perspective. Agricultural Research, 10(3), 483–496. https://​doi.​org/​10.​1007/​s40003-​020-​00512-0

Barnes, A. P., Willock, J., Hall, C., & Toma, L. (2009). Farmer perspectives and practices regarding 
water pollution control programmes in Scotland. Agricultural Water Management, 96(12), 1715–
1722. https://​doi.​org/​10.​1016/j.​agwat.​2009.​07.​002

Beedell, J., & Rehman, T. (2000). Using social-psychology models to understand farmers’ conserva-
tion behaviour. Journal of Rural Studies, 16(1), 117–127. https://​doi.​org/​10.​1016/​s0743-​0167(99)​
00043-1

Cao, S., Xu, D., & Liu, S. (2018). A study of the relationships between the characteristics of the village 
population structure and rural residential solid waste collection services: Evidence from China. Inter-
national Journal of Environmental Research and Public Health, 15, 2352. https://​doi.​org/​10.​3390/​ijerp​
h1511​2352

https://doi.org/10.1016/0749-5978(91)90020-t
https://doi.org/10.1007/s40003-020-00512-0
https://doi.org/10.1016/j.agwat.2009.07.002
https://doi.org/10.1016/s0743-0167(99)00043-1
https://doi.org/10.1016/s0743-0167(99)00043-1
https://doi.org/10.3390/ijerph15112352
https://doi.org/10.3390/ijerph15112352


11316	 C. Qing et al.

1 3

Chen, J., Li, Z., Gao, X., Du, H., Yu, L., Ren, H., & Zhu, Y. (2013). Analysis of influencing factors 
and effects of rural toilet improvement. China Rural Health Service Manage, 33(2), 181–183. (In 
Chinese).

Cheng, P., Wei, J., & Ge, Y. (2017). Who should be blamed? The attribution of responsibility for a city 
smog event in China. Natural Hazards, 85(2), 669–689. https://​doi.​org/​10.​1007/​s11069-​016-​2597-1

Cheng, S., Li, Z., Uddin, S. M. N., Mang, H. P., Zhou, X., Zhang, J., & Zhang, L. (2018). Toilet revo-
lution in China. Journal of Environmental Management, 216, 347–356. https://​doi.​org/​10.​1016/j.​
jenvm​an.​2017.​09.​043

Dang, X., Zhu, S., Luo, L. (2017). Reflections on rural planning practices based on the self-organiza-
tion theory. In 2017 6th international conference on energy and environmental protection (ICEEP 
2017). Atlantis Press. doi: https://​doi.​org/​10.​2991/​iceep-​17.​2017.​35.

De Leeuw, A., Valois, P., Ajzen, I., & Schmidt, P. (2015). Using the theory of planned behavior to iden-
tify key beliefs underlying pro-environmental behavior in high-school students: Implications for 
educational interventions. Journal of Environmental Psychology, 42, 128–138. https://​doi.​org/​10.​
1016/j.​jenvp.​2015.​03.​005

Dessart, F. J., Barreiro-Hurlé, J., & van Bavel, R. (2019). Behavioural factors affecting the adoption of 
sustainable farming practices: A policy-oriented review. European Review of Agricultural Econom-
ics, 46(3), 417–471. https://​doi.​org/​10.​1093/​erae/​jbz019

Diekmann, A., & Preisendörfer, P. (2001). Umweltsoziologie: Eine Einführung. KZfSS Kölner Zeitschrift 
Für Soziologie Und Sozialpsychologie, 53(4), 797–797. https://​doi.​org/​10.​1007/​s11577-​001-​0123-1

Duan, W., & Jiang, G. (2008). Review of planned behavior theory. Advances in Psychological Science, 
16(02), 315–320. (In Chinese).

Dzikiewicz, M. (2000). Activities in nonpoint pollution control in rural areas of Poland. Ecological 
Engineering, 14(4), 429–434. https://​doi.​org/​10.​1016/​s0925-​8574(99)​00066-x

Fu, W., Jiang, H., & Fang, J. (2018). Analysis of farmers’ willingness to participate in rural water pollu-
tion control and its influencing factors. Journal of Nanjing Agricultural University (Social Science 
Edition), 4, 119–126. (In Chinese).

Gao, Y. (2018). To study the RELATIONSHIP between environmental EDUCATION and environmental 
behavior based on environmental attitude. Ekoloji, 27(106), 627–634.

Gifford, R., & Nilsson, A. (2014). Personal and social factors that influence pro-environmental concern 
and behaviour: A review. International Journal of Psychology, 49(3), 141–157. https://​doi.​org/​10.​
1002/​ijop.​12034

Guo, S., Lin, L., Liu, S., Wei, Y., Xu, D., Li, Q., & Su, S. (2019). Interactions between sustainable 
livelihood of rural household and agricultural land transfer in the mountainous and hilly regions of 
Sichuan China. Sustainable Development, 27(4), 725–742. https://​doi.​org/​10.​1002/​sd.​1937

Han, D., Currell, M. J., & Cao, G. (2016). Deep challenges for China’s war on water pollution. Environ-
mental Pollution, 218, 1222–1233. https://​doi.​org/​10.​1016/j.​envpol.​2016.​08.​078

Han, Z., Liu, Y., Zhong, M., Shi, G., Li, Q., Zeng, D., & Xie, Y. (2018). Influencing factors of domestic 
waste characteristics in rural areas of developing countries. Waste Management, 72, 45–54. https://​
doi.​org/​10.​1016/j.​wasman.​2017.​11.​039

Hendryx, M., Fedorko, E., & Halverson, J. (2010). Pollution sources and mortality rates across rural-
urban areas in the United States. The Journal of Rural Health, 26(4), 383–391. https://​doi.​org/​10.​
1111/j.​1748-​0361.​2010.​00305.x

Hu, W., Feng, C., & Chen, C. (2006). Research on rural habitat environment optimization system. Doc-
toral Dissertation, 13(6), 11–17. (In Chinese).

Huang, W., Qi, Z., Wu, L., & Hu, J. (2016). The impact of farmers ’environmental awareness on envi-
ronmental friendly behaviors——research on the moderating effects of community environment. 
Journal of China Agricultural University, 21(11), 155–164. (In Chinese).

Huang, K., Deng, X., Liu, Y., Yong, Z., & Xu, D. (2020). Does off-farm migration of female laborers 
inhibit land transfer? Evidence from Sichuan Province China. Land, 9, 14. https://​doi.​org/​10.​3390/​
land9​010014

Jallow, M. F., Awadh, D. G., Albaho, M. S., Devi, V. Y., & Thomas, B. M. (2017). Pesticide risk behav-
iors and factors influencing pesticide use among farmers in Kuwait. Science of the Total Environ-
ment, 574, 490–498. https://​doi.​org/​10.​1016/j.​scito​tenv.​2016.​09.​085

Kautonen, T., Van Gelderen, M., & Fink, M. (2015). Robustness of the theory of planned behavior in 
predicting entrepreneurial intentions and actions. Entrepreneurship Theory and Practice, 39(3), 
655–674. https://​doi.​org/​10.​1111/​etap.​12056

Kjellstrom, T., Friel, S., Dixon, J., Corvalan, C., Rehfuess, E., Campbell-Lendrum, D., & Bartram, J. 
(2007). Urban environmental health hazards and health equity. Journal of Urban Health, 84(1), 
86–97. https://​doi.​org/​10.​1007/​s11524-​007-​9171-9

https://doi.org/10.1007/s11069-016-2597-1
https://doi.org/10.1016/j.jenvman.2017.09.043
https://doi.org/10.1016/j.jenvman.2017.09.043
https://doi.org/10.2991/iceep-17.2017.35.
https://doi.org/10.1016/j.jenvp.2015.03.005
https://doi.org/10.1016/j.jenvp.2015.03.005
https://doi.org/10.1093/erae/jbz019
https://doi.org/10.1007/s11577-001-0123-1
https://doi.org/10.1016/s0925-8574(99)00066-x
https://doi.org/10.1002/ijop.12034
https://doi.org/10.1002/ijop.12034
https://doi.org/10.1002/sd.1937
https://doi.org/10.1016/j.envpol.2016.08.078
https://doi.org/10.1016/j.wasman.2017.11.039
https://doi.org/10.1016/j.wasman.2017.11.039
https://doi.org/10.1111/j.1748-0361.2010.00305.x
https://doi.org/10.1111/j.1748-0361.2010.00305.x
https://doi.org/10.3390/land9010014
https://doi.org/10.3390/land9010014
https://doi.org/10.1016/j.scitotenv.2016.09.085
https://doi.org/10.1111/etap.12056
https://doi.org/10.1007/s11524-007-9171-9


11317Farmers’ awareness of environmental protection and rural…

1 3

Kochskämper, E., Challies, E., Newig, J., & Jager, N. W. (2016). Participation for effective environmen-
tal governance? Evidence from water framework directive implementation in Germany, Spain and 
the United Kingdom. Journal of Environmental Management, 181, 737–748. https://​doi.​org/​10.​4324/​
97813​15193​649

Kuhlemeier, H., Van Den Bergh, H., & Lagerweij, N. (1999). Environmental knowledge, attitudes, and 
behavior in Dutch secondary education. The Journal of Environmental Education, 30(2), 4–14. https://​
doi.​org/​10.​1080/​00958​96990​96018​64

Li, Z., Yang, M., Li, D., Qi, R., Liu, H., Sun, J., & Qu, J. (2008). Nitrobenzene biodegradation ability of 
microbial communities in water and sediments along the Songhua River after a nitrobenzene pollu-
tion event. Journal of Environmental Science, 20(7), 778–786. https://​doi.​org/​10.​1016/​s1001-​0742(08)​
62126-9

Li, G., He, Q., Shao, S., & Cao, J. (2018). Environmental non-governmental organizations and urban envi-
ronmental governance: Evidence from China. Journal of Environmental Management, 206, 1296–
1307. https://​doi.​org/​10.​1016/j.​jenvm​an.​2017.​09.​076

Ling, J., & Deng, L. J. (2011). Factor analysis on the factors that influencing rural environmental pollution 
in the hilly area of Sichuan Province China. Asian Agricultural Research, 3, 69–72.

Liobikienė, G., & Juknys, R. (2016). The role of values, environmental risk perception, awareness of conse-
quences, and willingness to assume responsibility for environmentally-friendly behaviour: The Lithu-
anian case. Journal of Cleaner Production, 112, 3413–3422. https://​doi.​org/​10.​1016/j.​jclep​ro.​2015.​10.​
049

Liu, Y., & Wang, F. (2012). Empirical analysis of household waste disposal methods. China Rural Eco-
nomic, 3, 88–96. (In Chinese).

Liu, X., Yang, Z., & Wang, Y. (2013). Research on ecological cognition and behavioral decision-making of 
livestock farmers: Based on field surveys of farmers in 6 provinces such as Shandong and Anhui Chi-
nese Population. Research Environment, 10, 24. (In Chinese).

Lo, K. (2015). How authoritarian is the environmental governance of China? Environmental Science and 
Policy, 54, 152–159. https://​doi.​org/​10.​1016/j.​envsci.​2015.​06.​001

Long, H., Tu, S., Ge, D., Li, T., & Liu, Y. (2016). The allocation and management of critical resources 
in rural China under restructuring: Problems and prospects. Journal of Rural Studies, 47, 392–412. 
https://​doi.​org/​10.​1016/j.​jrurs​tud.​2016.​03.​011

Lu, Z. N., Chen, H., Hao, Y., Wang, J., Song, X., & Mok, T. M. (2017). The dynamic relationship between 
environmental pollution, economic development and public health: Evidence from China. Journal of 
Cleaner Production, 166, 134–147. https://​doi.​org/​10.​1016/j.​jclep​ro.​2017.​08.​010

Luo, P., & Miao, Y. (2019). External factors to internal factors: A study on the influencing mechanism of the 
improvement of rural living environment from the perspective of villagers’ participation—a case study 
of Wushao village, Xuzhou city. Rural econ, 10, 101–108. (In Chinese).

Miao, Y., Yang, Z., & Zhou, H. (2012). Research on rural residents’ willingness to pay for environmental 
sanitation improvement and influencing factors. Management World, 000(009), 89–99. (In Chinese).

Michel-Guillou, E., & Moser, G. (2006). Commitment of farmers to environmental protection: From social 
pressure to environmental conscience. Journal of Environmental Psychology, 26(3), 227–235. https://​
doi.​org/​10.​1016/j.​jenvp.​2006.​07.​004

Min, S., Wang, X., Hou, L., & Huang, J. (2019). Factors influencing farmers to participate in the rehabilita-
tion of human settlements—based on survey data of southwest mountainous areas. China Rural Obser-
vation, 4, 7. (In Chinese).

Ongley, E. D., Xiaolan, Z., & Tao, Y. (2010). Current status of agricultural and rural non-point source pol-
lution assessment in China. Environmental Pollution, 158(5), 1159–1168. https://​doi.​org/​10.​1016/j.​
envpol.​2009.​10.​047

Peng, C., & Zhang, C. (2019). Research on the quality of rural human settlements and its influencing fac-
tors. Macro Quality Research, 6(3), 66–78. (In Chinese).

Prager, K., & Posthumus, H. (2010). Socio-economic factors influencing farmers’ adoption of soil conserva-
tion practices in Europe. Human Dimensions of Soil and Water Conservation, 12, 1–21.

Reddy, V. R., & Behera, B. (2006). Impact of water pollution on rural communities: An economic analysis. 
Ecological Economics, 58(3), 520–537. https://​doi.​org/​10.​1016/j.​ecole​con.​2005.​07.​025

Rozelle, S. (1996). Stagnation without equity: Patterns of growth and inequality in China’s rural economy. 
The China Journal, 35, 63–92. https://​doi.​org/​10.​2307/​29502​76

Scheffran, J., & Battaglini, A. (2011). Climate and conflicts: The security risks of global warming. Regional 
Environmental Change, 11(1), 27–39. https://​doi.​org/​10.​1007/​s10113-​010-​0175-8

Schwarzenbach, R. P., Egli, T., Hofstetter, T. B., Von Gunten, U., & Wehrli, B. (2010). Global water pollu-
tion and human health. Annual Review of Environment and Resources, 35, 109–136. https://​doi.​org/​10.​
1146/​annur​ev-​envir​on-​100809-​125342

https://doi.org/10.4324/9781315193649
https://doi.org/10.4324/9781315193649
https://doi.org/10.1080/00958969909601864
https://doi.org/10.1080/00958969909601864
https://doi.org/10.1016/s1001-0742(08)62126-9
https://doi.org/10.1016/s1001-0742(08)62126-9
https://doi.org/10.1016/j.jenvman.2017.09.076
https://doi.org/10.1016/j.jclepro.2015.10.049
https://doi.org/10.1016/j.jclepro.2015.10.049
https://doi.org/10.1016/j.envsci.2015.06.001
https://doi.org/10.1016/j.jrurstud.2016.03.011
https://doi.org/10.1016/j.jclepro.2017.08.010
https://doi.org/10.1016/j.jenvp.2006.07.004
https://doi.org/10.1016/j.jenvp.2006.07.004
https://doi.org/10.1016/j.envpol.2009.10.047
https://doi.org/10.1016/j.envpol.2009.10.047
https://doi.org/10.1016/j.ecolecon.2005.07.025
https://doi.org/10.2307/2950276
https://doi.org/10.1007/s10113-010-0175-8
https://doi.org/10.1146/annurev-environ-100809-125342
https://doi.org/10.1146/annurev-environ-100809-125342


11318	 C. Qing et al.

1 3

Shapiro, J. (2016). China’s environmental challenges. John Wiley & Sons. https://​doi.​org/​10.​4324/​97804​
29322​204-​11

Shui, Y., Xu, D., Liu, Y., & Liu, S. (2021). The influence of human capital and social capital on the gen-
dered division of labor in peasant family in Sichuan, China. Social Indicators Research, 155(2), 505–
522. https://​doi.​org/​10.​1007/​s11205-​020-​02598-z.

Tian, G., Kong, L., Liu, X., & Yuan, W. (2018). The spatio-temporal dynamic pattern of rural domestic 
solid waste discharge of China and its challenges. Environmental Science and Pollution Research, 
25(10), 10115–10125. https://​doi.​org/​10.​1007/​s11356-​017-​1154-0

Tong, Y., Liu, J., & Liu, S. (2020). China is implementing “garbage classification” action. Environmental 
Pollution, 259, 113707. https://​doi.​org/​10.​1016/j.​envpol.​2019.​113707

UN Environment. (2019). Global Environment Outlook-GEO-6. Cambridge University Press. https://​doi.​
org/​10.​1017/​97811​08627​146

Vogel, S. (1996). Farmers’ environmental attitudes and behavior: A case study for Austria. Environment and 
Behavior, 28(5), 591–613. https://​doi.​org/​10.​1177/​00139​16596​02800​502

Wang, C., & Gu, H. (2012). Farmers’ environmental cognition, behavioral decision-making and consistency 
test: an empirical analysis based on household survey in Jiangsu province. Res Environ in the Yangtze 
River basin, 21(10), 1204.

Wang, M., Webber, M., Finlayson, B., & Barnett, J. (2008). Rural industries and water pollution in China. 
Journal of Environmental Management, 86(4), 648–659. https://​doi.​org/​10.​1016/j.​jenvm​an.​2006.​12.​
019

Wang, X., Wu. J., & Jiang. H. (2017). Dynamic evaluation of rural ecological environment quality and pre-
diction of future development trends. Journal of Natural Resources, 32(5), 864–876. (In Chinese)

Wang, Y., Yang, J., Liang, J., Qiang, Y., Fang, S., Gao, M., et  al. (2018). Analysis of the environmental 
behavior of farmers for non-point source pollution control and management in a water source protec-
tion area in China. Science of the Total Environment, 633, 1126–1135. https://​doi.​org/​10.​1016/j.​jenvm​
an.​2019.​02.​070

Wang, Y., Liang, J., Yang, J., Ma, X., Li, X., Wu, J., & Feng, Y. (2019). Analysis of the environmental 
behavior of farmers for non-point source pollution control and management: An integration of the the-
ory of planned behavior and the protection motivation theory. Journal of Environmental Management, 
237, 15–23. https://​doi.​org/​10.​1016/j.​jenvm​an.​2019.​02.​070

Wang, D., Wan, K., & Ma, W. (2020). Emergency decision-making model of environmental emergencies 
based on case-based reasoning method. Journal of Environmental Management, 262, 110382. https://​
doi.​org/​10.​1016/j.​jenvm​an.​2020.​110382

Wu, H., & Mweemba, L. (2010). Environmental self-efficacy, attitude and behavior among small scale 
farmers in Zambia. Environment, Development and Sustainability, 12(5), 727–744. https://​doi.​org/​10.​
1007/​s10668-​009-​9221-4

Xi, B., Li, X., Gao, J., Zhao, Y., Liu, H., Xia, X., & Jia, X. (2015). Review of challenges and strategies for 
balanced urban-rural environmental protection in China. Frontiers of Environmental Science and Engi-
neering, 9(3), 371–384. https://​doi.​org/​10.​1007/​s11783-​014-​0744-z

Xie, F., Liu, S., & Xu, D. (2019). Gender difference in time-use of off-farm employment in rural Sichuan 
China. Journal of Rural Studies. https://​doi.​org/​10.​1016/j.​jrurs​tud.​2019.​10.​039

Xu, D., Guo, S., Xie, F., Liu, S., & Cao, S. (2017). The impact of rural laborer migration and household 
structure on household land use arrangements in mountainous areas of Sichuan Province China. Habi-
tat International, 70, 72–80. https://​doi.​org/​10.​1016/j.​habit​atint.​2017.​10.​009

Yu, F., & Yu, T. (2019). Rural domestic sewage treatment model and countermeasures. Chongqing Social 
Science, (3), 72–80.

Zeng, C., Niu, D., Li, H., Zhou, T., & Zhao, Y. (2016). Public perceptions and economic values of source-
separated collection of rural solid waste: A pilot study in China. Resources Conservation and Recy-
cling, 107, 166–173. https://​doi.​org/​10.​1016/j.​resco​nrec.​2015.​12.​010

Zhao, L. (2014). The road of ecological civilization construction with Chinese characteristics. Beijing book 
Co., Inc. (In Chinese).

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.4324/9780429322204-11
https://doi.org/10.4324/9780429322204-11
https://doi.org/10.1007/s11205-020-02598-z
https://doi.org/10.1007/s11356-017-1154-0
https://doi.org/10.1016/j.envpol.2019.113707
https://doi.org/10.1017/9781108627146
https://doi.org/10.1017/9781108627146
https://doi.org/10.1177/001391659602800502
https://doi.org/10.1016/j.jenvman.2006.12.019
https://doi.org/10.1016/j.jenvman.2006.12.019
https://doi.org/10.1016/j.jenvman.2019.02.070
https://doi.org/10.1016/j.jenvman.2019.02.070
https://doi.org/10.1016/j.jenvman.2019.02.070
https://doi.org/10.1016/j.jenvman.2020.110382
https://doi.org/10.1016/j.jenvman.2020.110382
https://doi.org/10.1007/s10668-009-9221-4
https://doi.org/10.1007/s10668-009-9221-4
https://doi.org/10.1007/s11783-014-0744-z
https://doi.org/10.1016/j.jrurstud.2019.10.039
https://doi.org/10.1016/j.habitatint.2017.10.009
https://doi.org/10.1016/j.resconrec.2015.12.010


11319Farmers’ awareness of environmental protection and rural…

1 3

Authors and Affiliations

Chen Qing1 · Shili Guo2 · Xin Deng3 · Dingde Xu1,4 

	 Chen Qing 
	 qingchen@stu.sicau.edu.cn

	 Shili Guo 
	 guoshili@swufe.edu.cn

	 Xin Deng 
	 dengxin@sicau.edu.cn

1	 College of Management, Sichuan Agricultural University, Chengdu 611130, China
2	 China Western Economic Research Center, Southwestern University of Finance and Economics, 

Chengdu 610074, China
3	 College of Economics, Sichuan Agricultural University, Chengdu 611130, China
4	 Sichuan Center for Rural Development Research, College of Management, Sichuan Agricultural 

University, Chengdu 611130, China

http://orcid.org/0000-0001-6359-6540

	Farmers’ awareness of environmental protection and rural residential environment improvement: a case study of Sichuan province, China
	Abstract
	1 Introduction
	2 Study area and data source
	2.1 Study area
	2.2 Data source

	3 Theoretical analysis and research hypotheses
	4 Method
	4.1 Measurements
	4.1.1 Dependent variable
	4.1.2 Independent variables
	4.1.3 Controlled variables

	4.2 The empirical model
	4.3 Data analysis

	5 Results
	5.1 Descriptive analysis
	5.2 Model analysis

	6 Discussions
	7 Conclusions
	Acknowledgements 
	References




