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Implementing the action of green and healthy aquaculture is an important 
measure to ensure the stable and secure supply of crucial agricultural products 
and promote the green and high-quality development of the fishing industry in 
China. This article divides the willingness to participate in the green and healthy 
aquaculture actions (GHAAs) into three stages: whether to participate, mode of 
participation, and degree of participation based on the dynamic decision-making 
process of the farmers. Based on micro survey data of aquaculture households in 
Zhejiang Province, this paper applies the Triple-Hurdle model to analyze the effect 
of ecological cognition and environmental regulation on multi-stage participation 
willingness, with a particular emphasis on exploring the differences in participation 
willingness between two types of green aquaculture methods, traditional and 
emerging technologies. The results show that ecological cognition has a positive 
promoting effect on the willingness to participate in actions and the degree of 
willingness to participate in both types of technological methods, the constrained 
environmental regulation policies significantly positively affects the degree of 
willingness to participate in traditional technological methods, and the incentive 
environmental regulation policies significantly positively affects the willingness 
to choose emerging technological methods and its degree of willingness to 
participate. The analysis of the regulatory effect of environmental regulation 
shows that constrained regulation policies can enhance the willingness of high 
ecological cognition farmers to participate in actions, while incentive policies are 
helpful for high ecological cognition farmers’ adoption willingness of emerging 
green production technology. In addition, there are scale and intergenerational 
differences in the effects of ecological cognition and environmental regulation 
on farmers’ willingness to participate in actions.
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1. Introduction

Since the reform and opening up, China’s aquaculture industry 
has made leaps and bounds, becoming the world’s largest aquaculture 
country, but the quality and safety of aquatic products and the 
resources and environmental problems brought about by aquaculture 
have not been effectively solved. To this end, China’s Ministry of 
Agriculture and Rural Affairs and ten other ministries and 
commissions jointly issued in 2019 the first guidance document since 
the founding of the country, endorsed by the State Council, specifically 
for the aquaculture industry, “Several Opinions on Accelerating the 
Green Development of the Aquaculture Industry.” Since then, on 
March 30, 2020, the Ministry of Agriculture and Rural Affairs specially 
issued the “Notice from the General Office of the Ministry of 
Agriculture and Rural Affairs ‘Five Actions’ Concerning the 
Implementation of the Green and Healthy Aquaculture in 2020 
“(hereinafter referred to as the “Five Actions”), put forward five action 
plans including the promotion of ecological and healthy aquaculture 
mode, the promotion of aquaculture tail water treatment mode, the 
reduction of aquaculture drug, the replacement of juvenile 
miscellaneous fish with compound feed and the improvement of the 
quality of aquaculture seed industry, the greening and upgrading of 
aquaculture at a national level has thus kicked off. As the “main force” 
of aquatic production, aquaculture farmers scientifically regulate their 
production behavior, which is the crux link to realizing the green 
development of aquaculture from the source. However, in reality, 
influenced by smallholder consciousness, farmers are often reluctant 
to change their traditional production models, especially in 
aquaculture characterized by high input and risk (Han et al., 2007). 
Therefore, it is of great practical importance to explore the mechanisms 
influencing the participation in green and healthy aquaculture actions 
(GHAAs) by aquaculture farmers.

Studies have shown that the green production behavior of 
aquaculture farmers can be affected by many intrinsic and extrinsic 
factors. Among them, the internal factors are mainly regarding the 
resource endowment of the farmers. Resource endowment is a 
collection of various knowledge, cognitive abilities, and technical 
reserves that farmers innately possess or acquired accumulation that 
can be used for production and living, and can be classified into two 
types: non-physical resource endowment and physical resource 
endowment (Schreinemachers et al., 2017; Zhao et al., 2022). Studies 
have shown that individual characteristics such as farmers ‘education 
level and green cognition level, as well as social capital such as social 
norms and social networks, are the prime non-physical resources that 
affect farmers ‘green production behavior (Chen and Fang, 2011; Joffer 
et al., 2019). At the same time, the implementation of green production 
usually requires additional capital, equipment, and human input, 
while sufficient endowments of physical resources such as labor and 
capital are also necessary for farmers to choose green production 
behavior (Jin et al., 2022; Zhu and Deng, 2022). The external factors 
affecting the green production behavior of farmers are mainly based 
on various intervention policies formulated by the government. 
Information asymmetry is considered the fundamental reason why 
aquaculture farmers do not take the initiative to change their extensive 
production behavior. Specifically, farmers may be  reluctant to 
implement pro-environmental behavior because they do not 
understand the hazards of environmental pollution, the benefits of 
environmental protection, and the use of green production technology 

(Xie et  al., 2021). Reasonable intervention policies can effectively 
facilitate information transfer and guide pro-environmental behavior 
to develop in an orderly manner. Some studies have analyzed the 
effects of restrictive policies such as aquaculture product quality 
supervision and effluent regulation concerning the pro-environmental 
aquaculture behavior of aquaculture farmers. Some studies have also 
evaluated the effect of incentive-based policies such as green 
production knowledge dissemination, technical training, and 
government subsidies on the clean environmental behavior of 
aquaculture farmers (Li and Xu, 2018).

The above studies have examined the factors influencing 
aquaculture farmers’ green production behavior from different 
perspectives, but there is still some room for expansion. In terms of 
research content, previous studies on green production behavior in 
aquaculture have focused on traditional green technology (TGT)
models such as pesticide reduction and reduction of aquaculture 
density, while little attention has been paid to emerging green 
technology (EGT) methods such as feed substitution and aquaculture 
tailwater management. Currently, the connotation and requirements 
of green and healthy aquaculture have undergone significant changes. 
It not only demands the assurance of the quality and safety of aquatic 
products but also emphasizes the environmental friendliness and 
resource conservation in the aquaculture process (Tang et al., 2014). 
To this end, in 2020, China’s Ministry of Agriculture and Rural Affairs 
proposed the “Five Actions,” which include not only TGT methods 
such as reducing the use of drugs and controlling aquaculture capacity 
but also incorporate EGT methods such as feed substitution and 
aquaculture wastewater treatment. The replacement of juvenile 
miscellaneous fish with compound feed (feed substitution) is 
significant to alleviate the decline of offshore fishery resources (Lei, 
2010; Liu and Peng, 2021), and the implementation of aquaculture 
tailwater treatment can improve the environmental quality of 
surrounding waters (Zhang and Ma, 2020). In reality, farmers often 
have little incentive to respond to such green production models with 
positive resource and environmental externalities (Hukom et  al., 
2020). In these regards, this paper examines the willingness of farmers 
to adopt traditional and emerging green production technology 
concerning the “Five Actions” program promulgated and implemented 
by the Ministry of Agriculture and Rural Affairs, to make up for the 
lack of existing research. Simultaneously, constrained by knowledge 
structure and information asymmetry, it is more difficult for farmers 
to form accurate cognitive perception and evaluation regarding novel 
green production technologies, which in turn affects their willingness 
to adopt. Therefore, it is necessary to build upon the new concepts and 
policies of modern green and healthy aquaculture to explore the 
differences in farmers’ willingness to choose between traditional and 
emerging green technologies, and dig into the underlying influencing 
factors. This will provide references for identifying the key actions for 
promoting green and healthy aquaculture and enhancing the efficiency 
of technology promotion.

Based on the current background of China’s GHAAs, this paper 
uses micro-survey data of aquaculture farmers in Zhejiang Province, 
China, and analyzes the impact of ecological cognition and 
environmental regulation on the willingness of aquaculture farmers 
to participate in GHAAs using the Triple-Hurdle model. The paper 
focuses on exploring the differences in willingness to participate in 
traditional and emerging green technologies and further discusses the 
regulatory role of the environmental regulation. The possible marginal 
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contributions of this paper include three aspects. Firstly, unlike most 
previous studies that simply divide the willingness to participate in 
green production into a binary variable of “yes or no,” this paper 
divides the decision-making process of aquaculture farmers’ 
participation in green and healthy aquaculture into three dynamic 
decision-making stages of “whether to participate,” “mode of 
participation” and “degree of participation,” which more realistically 
reflects the decision-making process of aquaculture farmers and 
improves the reliability and reference value of the conclusions. 
Secondly, based on the GHAAs plan, this paper examines the 
differences in the willingness of aquaculture farmers to choose 
traditional and emerging green production technologies, making up 
for the research gap on emerging green production technologies such 
as feed substitution and aquaculture wastewater treatment, and 
providing strong references for current policy promotion and practice. 
Finally, this paper incorporates two categories of factors, ecological 
cognition and environmental regulation, into the analysis framework 
of green production intention, revealing the common mechanism of 
interaction between intrinsic and extrinsic factors. This further 
enriches and develops the research on the influencing factors of green 
production intention.

2. Theoretical analysis

2.1. The influence of ecological cognition 
and environmental regulation on 
participation willingness in GHAAs

Whether farmers participate in green and healthy aquaculture 
can be viewed as a decision-making problem for farmers to choose 
new technologies with significant positive externalities. As rational 
economic agents, farmers’ choice of new production technology is a 
decision made by comparing the costs and benefits of the old and 
new technology to maximize profit (Yu et  al., 2017). With the 
propagation and implementation of the green development concept, 
some scholars point out that farmers have ecological as well as 
economic rationality and can obtain public utility from agricultural 
non-economic functions (Yan et al., 2017). Farmers usually become 
concerned about ecological issues after their subsistence needs are 
met and incorporate eco-efficiency goals into their behavioral 
decisions (Hukom et  al., 2020). Conducting green and healthy 
farming is conducive to food security and eco-environmental 
protection, and can satisfy farmers’ demands for social and 
environmental benefits and other public interests, thus increasing 
their public utility. Therefore, farmers’ participation willingness in 
GHAAs depends on maximizing their total utility after the sum of 
economic and ecological benefits.

According to the theory of planned action, cognition is the basis 
of behavior, and personal cognition determines preferences, which 
then influence final behavioral decisions (Cooke and Sheeran, 2004). 
Ecological cognition is an individual’s basic understanding of the 
ecological environment and mastery of relevant ecological knowledge 
and technology, which can reflect individual ecological values, 
environmental perception ability, and the level of green production 
technology reserves (Zhang et al., 2019). Traditional farming practices 
can lead to eutrophication and drug contamination of the water body, 
which affects farmers’ profits (Bbxa et al., 2021). When farmers can 

perceive the harm that traditional farming models may cause to 
aquatic product quality and the watershed environment, they are 
inclined to adopt green production technology driven by economic 
and ecological rationality (Li et  al., 2020). In addition, the more 
knowledgeable farmers are about green production and technology, 
the more they can realize the importance of green farming and 
discover the possible economic and ecological benefits of traditional 
farming models, thus being more inclined to participate in green 
production (Obubuafo et al., 2008). Based on these, the following 
hypothesis is proposed:

Hypothesis H1: Ecological cognition had a significant positive 
effect on farmers’ participation willingness in GHAAs.

Farmers’ production decisions are aimed at maximizing individual 
utility, but in practice, they are also constrained by external policies. 
Farmed tailwater treatment has typical positive environmental 
externalities and may face an imbalance between marginal private 
benefits and marginal social benefits. The implementation of green 
production usually involves additional capital and labor inputs, 
resulting in lower marginal private returns, but the marginal social 
benefits from green products may be  higher. At this point, the 
government must internalize the externality problem by setting 
constraints and incentives to correct the marginal private costs or 
benefits and maximize the social benefits (Li et  al., 2019). The 
restrictive environmental regulation policy is mainly based on 
pollution monitoring and penalties. Under the restrictive policy 
scenario, the probability of government penalties for excessive drug 
use and tailwater pollution by farmers increases, and the cost of not 
implementing green farming increases for farmers, who are driven by 
economic rationality to comply with regulatory objectives and choose 
to participate in green production (Kim et  al., 2010). Incentive 
environmental regulation policies are mainly focused on green 
production subsidies. Financial subsidies can reduce the acquisition 
costs of farmers to participate in green production and increase their 
private benefits, thus promoting the implementation of green 
production by farmers (Chen and Mu, 2022). Based on these, the 
following hypothesis is proposed:

Hypothesis H2: Restrictive and incentive environmental 
regulation policies have a significant positive effect on farmers’ 
participation willingness in GHAAs.

Aquatic products pollution and environmental pollution caused 
by traditional farming models are typical negative externality 
problems, in the reality that responsibility is hard to identify and 
define, even if farmers recognize the hazards of traditional farming 
models, under the “free ride” motive usually still do not choose to take 
the initiative to participate in green production. Therefore, it is 
necessary to strengthen the ecological cognition of farmers through 
environmental regulation policies such as subsidies, supervision, and 
penalties to internalize externalities and promote their transformation 
from green cognition to green behavior. According to situational 
cognitive theory, different contexts may have an impact on the 
relationship between farmers’ cognition and behavior (Guo and Zhao, 
2014). Policy and institutional contexts are vital external contexts 
faced by farmers. It has been shown that providing both incentive and 
restrictive environmental regulations positively moderate the 

https://doi.org/10.3389/fsufs.2023.1211392
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Chen et al. 10.3389/fsufs.2023.1211392

Frontiers in Sustainable Food Systems 04 frontiersin.org

relationship between farmers’ ecological cognition and green 
production behavior (Huang et al., 2020; Luo et al., 2022). In the 
environmental regulation context, farmers with a high level of 
ecological cognition are more willing to put their green cognition into 
practice under certain constraints and incentives to obtain the 
maximum individual utility. Based on these, the following hypothesis 
is proposed:

Hypothesis H3: Restrictive and incentive environmental 
regulation policies can enhance the effect of ecological cognition 
on farmers’ participation willingness in GHAAs.

2.2. The dynamic decision-making process 
of participation willingness in the GHAAs

According to the theory of behavioral stage change, behavioral 
decision-making is not a static event, but a dynamic multi-stage 
process (Prochaska and Diclemente, 1983). The complete green 
production decision process contains multiple stages from whether to 
decide to participate to decide the degree of participation (Dimara and 
Skuras, 2003; Doss, 2010; Chen et al., 2020). For green aquaculture, 
the first stage is for farmers to decide if they would like to participate 
in green and healthy aquaculture. Farmers usually have a high reliance 
on long-established aquaculture experience in the production and 
operation process (Figure 1). However, under traditional aquaculture 
models, high aquaculture densities, excessive medication, and 
tailwater discharge may cause pest and disease problems, affecting the 
yield and quality of aquatic products, as well as damaging the 
surrounding ecological environment. In this context, driven by 
economic and ecological rationality, farmers will decide whether to 
change their traditional aquaculture practices and adopt green 
production technology based on maximizing their utility. For farmers 
who are willing to participate, the second stage requires them to 
decide on the specific technical mode to adopt for green farming, 
including two methods: TGT and EGT. Furthermore, in the third 
stage, for those farmers who choose to adopt a specific green 
technology, it is necessary to further consider to what extent they are 

willing to apply these green technologies. This can be measured by 
investigating the cost that farmers are willing to invest in adopting 
green technology.

3. Methods and materials

3.1. Methods

According to the previous theoretical analysis section, the 
aquaculture farmers decisions related to green production technology 
adoption could be seen to be a dynamic stage process: whether to 
participate, mode of participation, and degree of participation. To 
explore the three-stage participation willingness and the associated 
influencing factors, a Triple-Hurdle model was employed for the 
empirical analysis. The Triple-Hurdle model can be used to analyze 
three-stage farmer behavior decisions and address all possible 
conditionally uncorrelated errors (Burke et al., 2015; Yang et al., 2020). 
The complete triple-hurdle model is expressed as:

 y x EV CV1 1= ( ),  (1)

 y x EV CV2 2= ( ),  (2)

 y x EV CV3 3= ( ),  (3)

 y x EV CV4 4= ( ),  (4)

In Eqs. (1)–(4), y1 is the binary variable of aquaculture farmers’ 
willingness to participate in GHAAs, y2 is a binary variable of farmers’ 
willingness to choose green technology mode (including TGT and 
EGT), y3 and y4 are the degree of willingness to adopt TGT and the 
degree of willingness to adopt EGT, respectively. x1, x2, x3, x4 are sets 
of explanatory variables, where EV is the core explanatory variable 
and CV is the control variable. Finally, the integration of the formulas 
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established the triple-hurdle model likelihood function for each 
aquaculture farmer i:
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(5)

In Eq. (5), Φ(·) is the cumulative density function of the standard 
normal distribution, α is the parameter of the first decision stage 
explanatory variable x1, β is the parameter of the second decision 
stage explanatory variable x2, δ1 and δ2 are the parameters of the two 
variance explanatory variables x3 and x4 in the third decision stage, 
and σ1 and σ2 denote the standard deviation of the corresponding 
truncated normal distribution. 1[·] is an indicator function. If the 
expression given in brackets is true, the value is 1 and 0 otherwise. To 
address the sample selection bias, the inverse Mills ratio (IMR) was 
constructed using the results of the previous regression stage, 
respectively, and the IMR was added to the latter model for regression 
as a control variable along with other explanatory variables to obtain 
the estimated parameter W of the IMR. If W is not significant then 
the model is not subject to sample selection bias, otherwise IMR 
needs to be  used as a control variable to correct for the sample 
selection problem. In addition, to ensure the identifiability of the 
model estimates, the previous stage equations need to contain at least 
one exclusive restrictive variable that does not appear in the 
latter equations.

3.2. Data source

The data in this paper are from a field study conducted by the 
research team from July to November 2021  in Zhejiang Province, 
China, among aquaculture farmers. Aquaculture includes pond 
aquaculture, net cage aquaculture, factory aquaculture, raft 
aquaculture and other modes, and the technical and economic 
characteristics of different aquaculture modes vary greatly. In this 
study, only pond aquaculture farmers were selected as respondents. 
According to the China Fisheries Statistical Yearbook, the proportion 
of pond aquaculture production in China accounted for about 48.84% 
of the total aquaculture production in 2019. Moreover, Pond 
aquaculture is also the hardest hit by excessive drug use and 
environmental pollution. Therefore, it is representative and relevant 
to use pond aquaculture farmers as the study object.

Zhejiang is one of the major provinces of pond aquaculture in 
China, with the second-highest production of marine pond 
aquaculture and the seventh-highest production of freshwater pond 
aquaculture in the country, according to the China Fisheries Statistical 

Yearbook. Zhejiang has consistently served as a leading demonstration 
area for implementing central policies. Following the requirements 
put forth by the central government and the Ministry of Agriculture 
and Rural Affairs to promote green development in aquaculture, 
Zhejiang took the initiative to formulate an action plan for green 
development in aquaculture and subsequently promoted the adoption 
of green and healthy aquaculture practices throughout the province. 
Considering the research purpose and research maneuverability, four 
major aquaculture production regions in Zhejiang Province, Ningbo, 
Hangzhou, Huzhou, and Taizhou, were chosen as the survey regions 
(Figure 2). On this basis, non-probability sampling methods were 
used to further determine the districts and villages for sample 
collection. Based on the geographical information map of the 
distribution of farmed water resources in Zhejiang Province (Chen, 
2017), the districts and counties with relatively large pond aquaculture 
areas and production were identified among the above four regions, 
and six districts and counties were finally identified, namely Xiangshan 
and Ninghai counties in Ningbo, Qiantang and Xiaoshan districts in 
Hangzhou, Deqing County in Huzhou, and Sanmen County in 
Taizhou. A total of 410 questionnaires were distributed in the formal 
survey, and 370 valid questionnaires were obtained after eliminating 
invalid ones.

3.3. Variable selection

Dependent variable. The dependent variable in this paper is the 
willingness of farmers to participate in GHAAs. The decision-making 
process of aquaculture farmers’ green technology adoption contains 
three stages, thus three dependent variables were set in this paper. 
The specific meanings and assigned values of the dependent variables 
are shown in Table  1. The willingness to participate or not to 
participate in the first decision stage was a dichotomous variable. 
During the survey, the four main green production technology 
models were first explained to the farmers, and then they were asked 
whether they were willing to participate in actions. In the second 
stage, farmers who were willing to participate actions were asked 
whether they would prefer to adopt TGT methods or EGT methods. 
Low-density aquaculture and drug reduction are green technology 
modes that have been promoted for a long time before the 
introduction of the “Five Actions,” and these two types of technologies 
are defined as TGT methods in this study. The feed substitution and 
tailwater treatment are the key green technologies to be promoted by 
the government after the formulation of the “Five Actions” in 2020, 
and these two types of technologies are defined as emerging green 
technologies in this study. In the third stage, farmers who chose 
different technological methods were asked how much they were 
willing to invest in the chosen green technology.

Core explanatory variables. The core explanatory variables of this 
study are ecological cognition and environmental regulation. With 
reference to existing studies, ecological cognition can be divided into 
two variables: pollution perception and benefit perception. The 
questionnaire was designed to assess the pollution perception 
through the question “Do you  agree that traditional aquaculture 
methods cause ecological pollution and contamination of aquatic 
products.” The benefit perception was assessed by the question “Do 
you  agree that green production technology can improve the 
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TABLE 1 Variable definition, assignment and descriptive statistics.

Variable name Variable meaning and assignment
Mean 
value

Standard 
deviation

Willingness to 

participate in 

GHAAs

Whether to participate Willing to participate in actions = 1; Unwilling to participate in actions = 0 0.722 0.448

Mode of participation willingness Prefer to adopt EGT = 1; Prefer to adopt TGT = 0 0.403 0.490

Degree of participation Logarithmic value of willingness to invest in the adoption of green technologies 

(CNY/hm2 year)

10.902 0.670

Ecological 

cognition

Mean values of pollution perception and benefit perception scores 2.312 0.830

Environmental 

regulation

Restrictive environmental 

regulation policies

Policy strength: Very low = 1; Low = 2; Moderate = 3; High = 4; Very high = 5 3.582 0.627

Incentive environmental 

regulation policies

Policy strength: Very low = 1; Low = 2; Moderate = 3; High = 4; Very high = 5 2.382 0.625

Individual 

characteristics

Age Actual age / years 50.032 7.489

Gender Female = 0; Male = 1 0.773 0.419

Education level Elementary school and below = 1; Middle school = 2; High school = 3; College and 

above = 4

1.635 0.657

Aquaculture experience Years engaged in aquaculture / years 9.544 3.638

Household 

characteristics

Number of household laborers Number of laborers in the household / person 2.478 0.816

Annual household income Total annual household income level / 10,000 CNY 16.659 11.931

Aquaculture scale Actual area of ponds operated by aquaculture households/hm2 2.713 2.173

Social 

organization

Cooperatives Not joined = 0; Joined = 1 0.295 0.456

Village cadres No one in the family is a village cadre = 0; Someone in the family is a village 

cadre = 1

0.111 0.314

Regional 

characteristics

Demonstration district (county) Yes = 1; No = 0 0.568 0.495

Exclusive 

restrictive 

variables

Disease and pollution losses Very small loss = 1; Small loss = 2; Medium loss = 3; Large loss = 4; Very large 

loss = 5

3.097 0.931

Technology training experience Yes = 1; No = 0 0.273 0.445

CHINA ZHEJIANG

FIGURE 2

Map of Zhejiang Province showing the study area.
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ecological environment and the quality of aquatic products.” Both 
variables were measured using the Likert 5-point measure. Both 
variables were measured using the Likert 5-point scale. Then, the 
average of two variables, pollution perception and benefit perception, 
was taken as the score of ecological cognition variable. Environmental 
regulation is divided into two categories: restrictive environmental 
regulation policies and incentive environmental regulation policies. 
Drawing on existing studies, farmers’ subjective perceptions of 
environmental regulation policies were used to assess policy intensity, 
i.e., to obtain farmers’ evaluations of the strength of penalties for 
aquaculture pollution behavior and the strength of subsidies for 
green production.

Control variables. The following control variables are selected. 
First, individual characteristics variables, including age, gender, 
education level, and aquaculture experience. Second, household 
characteristics variables, including the number of household 
laborers, annual household income, and aquaculture scale. Third, 
social organization variables, including cooperatives and village 
cadres. The fourth is a regional variable, measured by whether the 
sample location is a national-level fishery health aquaculture 
demonstration district (county). In 2013, the Ministry of Agriculture 
and Rural Affairs decided to organize the establishment of national-
level fishery health aquaculture demonstration district (county). The 
aim was to expand the scale of the demonstration of healthy 
aquaculture practices and ensure the quality and safety of 
aquaculture products. According to the list published by the 
Ministry of Agriculture, among the six sample areas selected for this 
study, Xiangshan County, Deqing County and Sanmen County 
belong to the national-level fishery health aquaculture demonstration 
district (counties), while the other three districts and counties do 
not. Fifth is the exclusive restrictive variable. Aquaculture diseases 
and environmental pollution can reduce farmers’ profitability and 
lead to farmers’ willingness to shift their original production 
methods and increase their willingness to adopt green production 
technologies, but they do not directly influence farmers’ willingness 
to choose different green production technology model (traditional 
green production technology or emerging green production 
technology). Therefore, disease and pollution losses were used as an 
exclusive restrictive variable in the second stage decision equation. 
In the questionnaire, we designed the question “How much revenue 
is lost due to aquaculture diseases and environmental pollution in 
daily production and business activities “to measure this exclusive 
restrictive variable. Farmers have limited knowledge of green 
production technologies, especially emerging technologies such as 
compound feed use and aquaculture tailwater treatment. Relevant 
technical training experiences can help farmers better understand 
and master emerging green production technologies, which in turn 
may influence their willingness to choose the technical model, but 
have no direct effect on the adoption degree willingness. Therefore, 
drawing on existing research (Yang et al., 2020), we used technology 
training experience as an exclusive restrictive variable in the third 
stage of the decision equation. The value of the technology training 
experience variable was measured by the question “whether or not 
you have participated in training on emerging green production 
technologies such as compound feed use and aquaculture 
tailwater treatment.”

The definitions and descriptive statistics of each variable are 
shown in Table 1.

4. Results

4.1. Analysis of the effects of ecological 
cognition and environmental regulations 
on participation willingness in GHAAs

To exclude possible covariance problems between variables, the 
variance inflation factor method was used to test for multiple 
covariances in all independent variables. The results show that the 
maximum variance inflation factor VIF is 1.81, which is much smaller 
than 10, so there is no multicollinearity problem in the model. Based 
on the triple-hurdle model, Stata software was used to estimate the 
data. First, two regression models were established by introducing two 
core explanatory variables, ecological cognition, and environmental 
regulation, respectively. Then, the third regression model was 
established by introducing ecological cognition and environmental 
regulation simultaneously. The coefficients and significance of the 
variables in the three models were found to be  consistent, which 
means that the model estimation results were relatively robust. Table 2 
shows the estimation results of introducing both ecological cognition 
and environmental regulation variables, and the subsequent analysis 
is based on these results. The results of the first-stage probit model 
estimation showed that the disease and pollution losses variable was 
significant at the 5% statistical level and thus was appropriate as an 
exclusive restrictive variable. Further, to test the existence of sample 
selection bias, the IMR obtained from the first-stage probit regression 
was brought into the second-stage regression model as a control 
variable. The results showed that the regression coefficient of IMR was 
0.558 with p > |z| = 0.385, which did not pass the significance test, 
indicating that there was no sample selectivity bias and no correction 
was required.

Ecological cognition had a positive effect on farmers’ willingness 
to participate or not to participate in the first stage and on their 
willingness to choose modes in the second stage, and had a significant 
positive effect on the degree of participation in EGT methods in the 
third stage, while it did not have a significant effect on the degree of 
participation in TGT methods. When farmers can accurately perceive 
that traditional aquaculture practices may cause environmental 
pollution and affect the quality of aquatic products, they will be willing 
to change their traditional production methods. In addition, farmers’ 
perceptions of the potential benefits of green technology also 
contribute to the willingness of farmers to adopt it. The higher the 
level of ecological cognition, the more farmers tend to choose EGT 
and are also willing to invest more money in it. The possible reason is 
that the higher the level of ecological cognition, the higher the demand 
of farmers for public benefits such as ecological protection, and thus 
the higher the preference for emerging technological methods with 
typical positive resource-environmental externalities such as 
compound feed use and aquaculture tailwater treatment. The above 
results verified hypothesis H1.

Among the environmental regulation variables, restrictive policies 
had a significant positive effect on the willingness to participate or not 
to participate in the first stage and the degree of participation of TGT 
methods in the third stage. Increased environmental regulation and 
pollution penalties by the government mean higher costs for farmers 
for illegal drug use and tailwater discharge, which will increase 
farmers’ willingness to adopt green technology. Restrictive policies 
significantly increased the willingness of farmers to adopt TGT 
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methods. The possible reason is that, before the Ministry of 
Agriculture promoted the “Five Actions” for green and healthy 
aquaculture, the long-term environmental regulation policy for 
aquaculture was mainly focused on the control of aquaculture capacity 
and regulation of drug use, which led to more pressure on farmers not 
to participate in TGT methods.

Incentive policies have a significant positive effect on the 
willingness to participate in the first stage, the willingness to choose 
the methods in the second stage and the willingness to invest in the 
extent of emerging green technologies in the third stage. The 
participation in GHAAs usually requires additional capital and 
manpower investment, which increases production and operating 
costs. Green production policy subsidies can directly relieve farmers’ 
capital investment pressure, compensate for the external costs of 
adopting green technology, enhance the level of returns, and thus 
increase farmers’ willingness to adopt it. The estimation results of the 
second and third stages indicated that the higher the farmers’ 
perception of the incentive policy, the more inclined they were to 
choose to adopt the EGT and also to invest more money in the 
EGT. The possible reason is that, compared with the TGT method 
involving changes in aquaculture density and drug use habits, the 
adoption of EGT methods such as compound feed substitution and 
tailwater treatment does not involve changes in production habits, but 
mainly generates additional costs for the purchase of feed and 

facilities. Therefore, when farmers perceive that the subsidy policy can 
compensate for the adoption cost and improve the net income, they 
will be more willing to choose and invest more money to adopt the 
EGT. Hypothesis H2 was verified.

4.2. Analysis of the interaction effect 
between ecological cognition and 
environmental regulation

According to situational cognitive theory, external contexts, 
especially policy contexts, may have an impact on the relationship 
between farmers’ cognition and behavioral intentions (Guo and Zhao, 
2014). For farmers with a high level of ecological awareness, the 
imposition of some environmental regulation policies can effectively 
stimulate their willingness to green production. To this end, this paper 
further explored the effect of the interaction between ecological 
cognition and environmental regulation on farmers’ participation 
willingness in GHAAs. The interaction terms of ecological cognition 
with restrictive and incentive policies were introduced for regression 
analysis. The results are shown in Table 3.

The farmers’ willingness in the first participation decision stage 
was significantly and positively influenced by the interaction term of 
ecological cognition and restrictive environmental regulation policies. 

TABLE 2 Estimated results of the impact of ecological cognition and environmental regulation on participation willingness in GHAAs.

Variable First stage 
(whether to 
participate)

Second stage 
(mode of 

participation)

Third stage (degree of participation)

TGT EGT

Core explanatory variables

Ecological cognition 0.236* (0.133) 0.432*** (0.120) −0.011 (0.062) 0.093* (0.055)

Restrictive environmental regulation policies 0.907*** (0.130) 0.035 (0.130) 0.358*** (0.062) 0.072 (0.069)

Incentive environmental regulation policies 0.785*** (0.151) 0.413*** (0.156) 0.074 (0.076) 0.376*** (0.087)

Control variables

Age 0.018 (0.014) −0.017 (0.012) −0.013** (0.006) 0.005 (0.007)

Gender 0.633*** (0.232) 0.271 (0.279) −0.035 (0.112) −0.388** (0.163)

Education level −0.038 (0.166) 0.029 (0.146) −0.06 (0.063) −0.09 (0.101)

Aquaculture experience 0.159 (0.149) −0.165 (0.119) −0.028 (0.059) 0.016 (0.066)

Number of household laborers −0.522*** (0.131) 0.410*** (0.136) −0.017 (0.074) 0.02 (0.075)

Annual household income −0.005 (0.007) −0.01 (0.008) −0.001 (0.003) 0.006 (0.005)

Aquaculture scale 0.018 (0.335) 0.131 (0.311) 0.182 (0.164) 0.027 (0.146)

Cooperatives −0.119 (0.239) −0.145 (0.218) 0.942 (0.101) 0.559*** (0.126)

Village cadres 0.429 (0.335) −0.874*** (0.322) 0.135 (0.120) 0.208 (0.205)

Demonstration district (county) 0.477** (0.219) 0.340* (0.197) 0.084 (0.093) 0.148 (0.118)

Exclusive restrictive variables

Disease and pollution losses 0.258** (0.120)

Technology training experience 0.701*** (0.263)

Constant −5.814*** (0.972) −2.727*** (0.967) 3.632*** (0.467) 2.804*** (0.544)

Log-likelihood −116.971 −150.247 −101.357 −86.858

LR chi2 203.70*** 67.99*** 45.48*** 51.71***

Observations 370 267 144 123

***, **, *Significant at the 1, 5, and 10% level. Standard errors in parentheses.
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For farmers with a high level of ecological cognition, improving the 
strength of environmental supervision, pollution penalties, and other 
restrictive policies can help guide them to participate in actions. 
Farmers with a high level of ecological awareness, i.e., ecological-
social rationality, are familiar with the hazards of aquaculture 
pollution and the benefits of green production, and restrictive policies 
can further stimulate the endogenous motivation of farmers to green 
production. The interaction term between ecological cognition and 
incentive policies had a significant impact on the degree of 
participation in EGT methods in the third stage. Government 
subsidies for green production can compensate farmers for the 
acquisition costs when implementing emerging green technologies 
such as compound feed use and tailwater treatment, improve expected 
returns, and solve the problem of farmers with high ecological 
cognition reducing green production inputs due to cost–benefit 
considerations. Hypothesis H3 was verified.

4.3. Heterogeneity analysis

Previous studies have shown that differences in production scale 
and age of farmers may affect their ecological cognition and policy 
perceptions, which in turn affect their willingness to adopt green 
production technologies (Li et  al., 2020; Chen and Mu, 2022). 
Referring to the “Criteria for the Identification of Other Producers of 
Agricultural Products of a Certain Scale” issued by the Zhejiang 
Provincial Department of Agriculture, farmers operating aquaculture 
with an area of 2 hm2 and above were classified as large-scale farmers, 
and those below 2 hm2 were classified as small-scale farmers. The 
division of generational differences was referred to existing studies 
(Duan et  al., 2022), which categorized farmers born in 1975 and 
before as older generation farmers and those born after 1975 as new 
generation farmers.

Scale heterogeneity. The estimation results in Table 4 show that 
ecological cognition had a significant effect on the willingness to 
participate in actions in the first stage for large-scale farmers, while 
the effect was not significant for small-scale farmers. Large-scale 
farmers are more likely to achieve economies of scale and lower 

implementation costs when adopting green production technologies, 
while small-scale farmers may still be  reluctant to adopt green 
production technologies due to cost–benefit considerations, even if 
they have a high level of ecological cognition. This research result is 
consistent with the findings of studies focused on green production 
behaviors among small-scale aquaculture farmers (Phong et al., 2021). 
In terms of environmental regulation, restrictive policies had a 
significant positive effect on the participate in EGT methods in the 
third stage of large-scale farmers, while the effect on small-scale 
farmers was not significant. The impact of incentive policies on the 
willingness of large-scale farmers to participate in actions was only 
reflected in the first stage, while the impact on small-scale farmers was 
felt throughout the three decision-making stages.

Intergenerational heterogeneity. The estimated results in Table 5 
show that ecological cognition had a significant positive effect on the 
willingness to choose green technology methods in the second stage 
for both generations of farmers, and a non-significant effect on the 
willingness in the other stages. In terms of environmental regulation, 
the impact of restrictive policies on the willingness of farmers to 
participate in actions was consistent between the two generations, 
while the impact of incentive policies on the willingness of farmers in 
the second and third participation decision stages differed significantly 
between the two generations. Specifically, the incentive policies were 
able to significantly increase the willingness of the new generation of 
farmers to adopt TGT, while the effect on the older generation of 
farmers was not significant. This conclusion is consistent with the 
research findings of Pannell and Claassen (2020) and Guo et  al. 
(2022). Incentive policies had a significant positive effect on the 
willingness of the older generation of farmers to adopt emerging green 
production technology, while the effect on the willingness of the new 
generation of farmers to adopt emerging green production technology 
was not significant.

4.4. Robustness tests

Robustness tests were conducted by constructing new variables 
to replace the original core explanatory variables and smoothing 

TABLE 3 Impact of the interaction between ecological cognition and environmental regulation on participation willingness in GHAAs.

Variable
First stage 

(whether to 
participate)

Second stage 
(mode of 

participation)

Third stage (degree of participation)

TGT EGT

Ecological cognition 0.255* (0.140) 0.356** (0.120) −0.007 (0.072) 0.034 (0.068)

Restrictive environmental regulation policies 1.161*** (0.169) 0.041 (0.130) 0.349*** (0.068) 0.090 (0.068)

Incentive environmental regulation policies 0.927*** (0.172) 0.394** (0.156) 0.082 (0.081) 0.306*** (0.089)

Ecological cognition × Restrictive 

environmental regulation policies

0.619*** (0.233) 0.104 (0.156) −0.033 (0.087) −0.028 (0.073)

Ecological cognition × Incentive 

environmental regulation policies

0.218 (0.217) 0.171 (0.193) −0.021 (0.104) 0.246** (0.099)

Other variables Control Control Control Control

Log-likelihood −112.034 −149.588 −101.270 −83.845

LR chi2 213.58*** 69.31*** 45.65*** 57.74***

Observations 370 267 144 123

***, **, *Significant at the 1, 5, and 10% level. Standard errors in parentheses.
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TABLE 4 Scale differences in the impact of ecological cognition and environmental regulation on participation willingness in GHAAs.

Variable

Large-scale farmers Small-scale farmers

First stage 
(whether to 
participate)

Second stage 
(mode of 

participation)

Third stage (degree of 
participation)

First stage 
(whether to 
participate)

Second stage 
(mode of 

participation)

Third stage (degree of 
participation)

TGT EGT TGT EGT

Ecological cognition 0.601** (0.251) 0.234* (0.167) −0.346 (0.088) 0.172** (0.070) 0.504 (0.317) 0.861*** (0.299) 0.043 (0.110) 0.262* (0.142)

Restrictive environmental 

regulation policies

1.041*** (0.187) 0.158 (0.169) 0.450*** (0.090) 0.143* (0.076) 0.971*** (0.268) −0.233 (0.238) 0.281*** (0.070) −0.002 (0.101)

Incentive environmental 

regulation policies

0.929*** (0.229) 0.203 (0.215) −0.107 (0.117) 0.115 (0.099) 1.110*** (0.298) 0.687** (0.268) 0.274*** (0.083) 0.774*** (0.119)

Other variables Control Control

Log-likelihood −62.637 −89.358 −59.447 −36.970 −39.379 −51.899 −23.950 −26.398

LR chi2 112.35*** 32.60*** 37.99*** 25.11** 120.55*** 53.36*** 38.92*** 58.49***

Observations 207 153 82 71 163 114 62 52

***, **, *Significant at the 1, 5, and 10% level. Standard errors in parentheses.

TABLE 5 Intergeneration differences in the impact of ecological cognition and environmental regulation on participation willingness in GHAAs.

Variable

New generation farmers Older generation farmers

First stage 
(whether to 
participate)

Second stage 
(mode of 

participation)

Third stage (degree of 
participation)

First stage 
(whether to 
participate)

Second stage 
(mode of 

participation)

Third stage (degree of 
participation)

TGT EGT TGT EGT

Ecological cognition 0.144 (0.268) 0.410* (0.246) 0.043 (0.091) 0.136 (0.099) 0.263 (0.174) 0.592*** (0.173) −0.013 (0.077) 0.048 (0.070)

Restrictive environmental 

regulation policies

0.940*** (0.240) 0.094 (0.276) 0.301*** (0.095) −0.034 (0.175) 0.986*** (0.172) 0.270 (0.222) 0.378*** (0.080) 0.100 (0.076)

Incentive environmental 

regulation policies

0.928*** (0.267) 0.264 (0.312) 0.394** (0.145) 0.101 (0.126) 0.709*** (0.206) 0.578** (0.246) 0.019 (0.088) 0.559*** (0.110)

Other variables Control Control

Log-likelihood −40.351 −47.185 −21.495 −28.350 −68.837 −92.025 −66.762 −49.988

LR chi2 85.95*** 33.17*** 37.66*** 14.22 132.05*** 56.03*** 32.03*** 51.84***

Observations 134 92 46 46 236 175 98 77

***, **, *Significant at the 1, 5, and 10% level. Standard errors in parentheses.
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the sample singularities. First, the measure of restrictive 
environmental regulation policies was replaced from “the strength 
of penalties for aquaculture pollution behavior “to “the strength of 
aquaculture environmental monitoring,” and the measure of 
incentive environmental regulation policies was replaced from “the 
strength of subsidies for green production “to “the support 
intensity of policy-based aquaculture insurance,” and then the 
regression was repeated, and the results are shown in Table  6. 
Comparison with Table 2 shows that the direction and significance 
of the effects of the core explanatory variables of ecological 
cognition and environmental regulation in the three decision 
stages are basically the same, indicating that the estimation results 
are robust.

Respondents’ evaluation of ecological cognition and 
environmental regulation in micro surveys may be influenced by 
subjective factors, resulting in underestimation or overestimation 
of data values, and thus generating sample singularities. In view 
of this, with reference to existing studies (Zhang et al., 2020; Fei 
et al., 2022), the maximum and minimum singular values of the 
observed values of the core explanatory variables were smoothed 
using the winsorized method and then regressed to further verify 
the robustness of the results, and the estimation results are shown 
in Table 7. Compared with the results in Table 2, the regression 
results after the smoothing of sample singular values did not 
change significantly, indicating that the study findings are 
more robust.

5. Conclusion and policy 
recommendations

5.1. Conclusion

In this paper, we  divide farmers’ participation willingness in 
GHAAs into three decision stages, namely, whether to participate, 
mode of participation, and degree of participation, and based on the 
survey data from 370 aquaculture farmers in Zhejiang province, the 
triple-hurdle model was applied to analyze the effects of ecological 
cognition, environmental regulation, and their interaction on farmers’ 
multi-stage participation willingness of in GHAAs, and explored the 
scale and intergenerational differences. The main conclusions are 
as follows.

Ecological cognition and environmental regulation both have 
significant positive effects on farmers’ willingness to participate in 
actions in the first stage, while the impacts on the participation 
willingness in the second and third stages are different. Specifically, 
ecological cognition has a significant positive effect on the farmers’ 
three decision stages. In environmental regulation, restrictive policies 
have a significant positive impact on the willingness of farmers to 
participate in the first stage and the degree of willingness to participate 
TGT methods in the third stage. Incentive policies, on the other hand, 
have a significant positive effect on all three stages of decision-making.

Environmental regulation has a positive moderating effect on the 
influence of ecological cognition on the farmers’ willingness to 

TABLE 6 Regression results after replacing the core explanatory variables.

Variable
First stage (whether 

to participate)
Second stage (mode 

of participation)

Third stage (degree of participation)

TGT EGT

Ecological cognition 0.513*** (0.116) 0.452*** (0.120) 0.091 (0.064) 0.093 (0.056)

Restrictive environmental 

regulation policies
0.269** (0.108) 0.169 (0.109) 0.169*** (0.058) 0.081 (0.057)

Incentive environmental 

regulation policies
0.246*** (0.082) 0.486** (0.094) −0.041 (0.049) 0.151*** (0.054)

Other variables Control Control Control Control

Log-likelihood −175.152 −139.433 −110.634 −92.451

LR chi2 87.34*** 89.62*** 26.92** 40.53***

Observations 370 267 144 123

TABLE 7 Regression results after smoothing sample singular values.

Variable First stage (whether 
to participate)

Second stage (mode 
of participation)

Third stage (degree of participation)

TGT EGT

Ecological cognition 0.229* (0.135) 0.432*** (0.120) −0.011 (0.062) 0.093* (0.055)

Restrictive environmental 

regulation policies
0.910*** (0.133) 0.035 (0.130) 0.358*** (0.062) 0.072 (0.069)

Incentive environmental 

regulation policies
0.957*** (0.166) 0.413*** (0.156) 0.074 (0.076) 0.376*** (0.087)

Other variables Control Control Control Control

Log-likelihood −115.940 −150.247 −101.357 −86.858

LR chi2 205.77*** 67.99*** 45.48*** 51.71***

Observations 370 267 144 123
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participate in actions. The restrictive policies will help raise the 
willingness of farmers with high ecological cognition to participate in 
GHAAs in the first stage, the incentive policy can promote the 
participation in EGT methods in the third stage of high ecological 
cognition farmers.

There are scale and intergenerational differences in the effects of 
ecological cognition and environmental regulation on farmers’ 
participation willingness. In terms of scale difference, the willingness 
of large-scale farmers to participate was significantly affected by 
ecological cognition and restrictive policies, while the willingness of 
small-scale farmers was mainly affected by incentive policies. In terms 
of intergenerational differences, the effect of incentive policies on the 
new generation of farmers is mainly in enhancing the willingness to 
participate in TGT methods, while the incentive effect on the older 
generation of farmers is mainly in enhancing the willingness to 
participate in EGT methods.

5.2. Policy recommendations

Based on the above findings, the following policy 
recommendations are proposed.

In the promotion of GHAAs, we should further strengthen the 
publicity about the hazards of traditional farming methods and the 
benefits of green farming technology to improve the social 
responsibility of farmers to protect the environment, maintain food 
safety and stimulate their endogenous motivation for green 
production. Particularly for the substitution of complementary feed, 
aquaculture tailwater treatment, and other emerging green production 
technology relatively unfamiliar to farmers, with the help of training 
and advocacy, the network, television, and other channels to convey 
information about the purpose of the application of technology, 
potential benefits and so on, to improve the level of farmers’ cognition, 
and to ensure that the policy objectives and farmers ecologically 
rational demand for unity.

Constrained policies can significantly increase the willingness of 
farmers to adopt green production technology, especially traditional 
green production technology. To this end, it is necessary to further 
improve the aquaculture quality and safety supervision system, 
increase the crackdown on illegal acts such as the use of fake and 
substandard veterinary drugs, banned drugs, and unlicensed additives, 
and improve the penalties for violations, timely disclosure of relevant 
supervision and inspection information, restraint and guide farmers 
to spontaneously adopt the reduction of drugs, aquaculture density 
control and other traditional green production technology.

The incentive policy plays a prominent role in promoting farmers’ 
willingness to adopt new green production technology. On the one 
hand, focus on the substitution of compound feed, aquaculture 
tailwater treatment, and other emerging green production technology, 
and provide subsidy support in the procurement of compound feed, 
tailwater treatment equipment purchase, aquaculture pond renovation, 
and other aspects to reduce the cost of technology adoption by 
aquaculture farmers. On the other hand, the green aquatic product 
certification, pollution-free aquatic product certification, the 
acquisition of contractual arrangements, and other product market 
terminals, increase the examination of the use of compound feed, 
aquaculture tailwater treatment effect, improve the expected return on 
the adoption of emerging green production technology by farmers, and 
enhance farmers’ technology adoption motivation.

In the process of green production technology promotion, based 
on different scales of technology adoption, differentiated supporting 
policies should made for different scales and different ages farmers. 
For farmers with the insufficient willingness to green production 
transformation, we should strengthen policy advocacy and play the 
guiding and supervising role of restrictive policies, and for farmers 
who already have the willingness to green production transformation, 
we should focus on the role of the incentive policies to boost and 
improve their technology adoption. At the same time, we should fully 
consider the difference in aquaculture scale and age, implement the 
policy combination of Propaganda, supervision, and incentives, and 
improve the efficiency of green production technology promotion.
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