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The impacts of transaction costs 
and peer effects on pig farmers’ 
willingness to participate in a pig 
manure outsourcing treatment 
project
Kun Zhou , Huan Wang , Zhenwang Zhang  and Jianqiang Li *

College of Management, Sichuan Agricultural University, Chengdu, China

This study aimed to explore the key factors affecting pig farmers’ willingness 
to participate in a pig manure outsourcing treatment project (PMOTP) from 
the perspectives of transaction costs and peer effects. Survey data from 512 
pig farmers and the probit and Heckman probit models were used to estimate 
the impact of transaction costs and peer effects on farmers’ participation in 
the PMOTP. The results demonstrate that more than 62% of farmers are willing 
to participate in the PMOTP, and the average willingness to pay reaches 7.2 
yuan/ton. Farmers’ willingness to participate in the PMOTP decreases with 
asset specificity, transaction frequency and uncertainty but increases with peer 
effects. Moreover, peer effects attenuate the inhibitory effect of transaction costs 
on farmers’ participation in the PMOTP. Heterogeneity analysis showed that 
large-scale farmers without the self-breeding and self-rearing model are more 
affected by transaction costs and peer effects than other farmers. Moreover, 
asset specificity and peer effects are likely to increase farmers’ willingness to pay 
for the project, which suggests that larger farms are more willing to invest in the 
PMOTP. These findings provide a useful reference for establishing a model for 
sustainable environmental service projects in the farming industry.

KEYWORDS

pig farmers, pig manure, outsourcing treatment, transaction costs, peer effects

1 Introduction

The scale of pig farming in China is growing due to increasing consumer demand (Huong 
et al., 2014). China is the world’s largest pork producer, producing 55.41 million tons of pork 
in 2022 and accounting for 50% of the global pork production that year (Zhou et al., 2023). 
However, the manure and sewage produced during pig rearing cause considerable damage to 
soil, water and air (Shi et al., 2023). Some pig farmers have found it challenging to implement 
standardized treatment of livestock waste because of the need for more technology, funds and 
land, which has resulted in great damage to the ecological environment. In China, 37% of 
farms produce waste exceeding the maximum amount of animal waste that can be absorbed 
by farmland (Jin et al., 2020), and it is difficult to subject many small and medium-sized 
farmers to environmental supervision and enforce standardized treatment (Shi et al., 2023). 
Because of these factors, the environmental pollution problem of China’s pig farming industry 
is becoming increasingly serious, posing a severe threat to rural production and the living 
environment and restricting the modern development of the livestock industry.
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Understanding how to effectively address pollution from livestock 
production is a global concern for sustainable agricultural 
development. Policymakers need to take measures to address 
environmental pollution from livestock production without negatively 
affecting farmer welfare (Sims and Alix-Garcia, 2017). Outsource 
services are tools that rely mainly on market mechanisms to encourage 
environmental protection (Sun et al., 2017). The implementation of 
outsource services requires at least one buyer and one seller of 
ecological services in the market, and transactions and services are 
carried out in accordance with the voluntary trading principle. To 
alleviate the pollution caused by pig farming, the Chinese government 
has introduced a pig manure outsourcing treatment project (PMOTP). 
The PMOTP operates through voluntary transactions under a 
“polluter pays, third-party treatment” model. PMOTP providers offer 
services such as manure collection, transport, treatment, and return 
to farmland, and the farmers who benefit from environmental services 
pay the service providers, essentially creating an environmental 
protection market (Hou et al., 2021).

The purpose of the PMOTP is to help farmers deal with pig 
manure through professional organization, reduce the farmers’ cost of 
pig manure treatment and improve the farm environment. However, 
although the Chinese government strongly supports the development 
of the PMOTP, it is very difficult to promote the application of such 
participation and payments. Economists believe that people have 
bounded rationality and that their behavior is influenced by both 
economic costs and social networks (Wang et al., 2021). In this way, 
farmers participating in the PMOTP consider not only the costs or 
benefits of participation but also social factors, such as the practices 
of their peers. The Chinese government has invested tens of billions 
of dollars to support the PMOTP to help farmers clean up their 
production environment. As the direct beneficiaries of the PMOTP, 
farmers’ active participation in the project is highly important for the 
long-term operation of environmental protection programs.

Outsource services are an effective way to address environmental 
externalities (Fan et  al., 2022), and understanding participants’ 
behaviors helps improve the establishment of outsource service projects. 
First, the theory of planned behavior (TPB) can be applied to explain 
farmers’ environmental protection behavior. The TPB suggests that 
individuals should first be willing to participate in a specific behavior, 
and their willingness is affected by their attitude, subjective norms, and 
perceived behavioral control (Ajzen, 1991). The TPB has been applied 
in environmental conservation studies on water resources (Chai et al., 
2021), saltmarshes (Muenzel and Martino, 2018), forests (Pagdee and 
Kawasaki, 2021) and biodiversity (Ingram et al., 2014). Second, some 
scholars have conducted such analyses from the perspective of costs and 
benefits. Neoclassical economic theory proposes that people are rational 
and that the ultimate goal of their behavior is to maximize their 
economic profits. Studies have shown that participation in outsource 
service projects can significantly increase participants’ income, but this 
effect varies across groups and can exacerbate income inequality (Sheng 
and Wang, 2022). Therefore, it is difficult to explain participant behavior 
from the perspective of expected benefits.

Scholars have also pointed out that human beings have bounded 
rationality. Simon (1955) argues that people struggle to obtain all the 
information they need to make decisions, so their behaviors are often 
not optimally useful. Tversky and Kahneman (1992) argue that people 
make decisions based on their knowledge, experiences, and 
circumstances, are influenced by their subjective feelings, and do not 

always have the goal of achieving economic optimality. Bounded rational 
behavior is often considered in the study of consumer behavior (Luo 
et al., 2023; Zhang Q. et al., 2023). However, although previous studies 
have provided some guidance for the promotion of outsource service 
projects, little attention has been given to outsource services in the 
livestock sector or to farmers’ participation in the PMOTP from the 
perspective of transaction cost theory and peer effects (PEs). Farmers 
have bounded rationality and oscillate between making perfectly rational 
and bounded rational decisions, and their behavior is constrained by a 
combination of economics and sociology. Therefore, considering the 
impact of transaction costs and PEs on farmers’ participation in the 
PMOTP is of great theoretical and practical significance.

This paper explores the key factors affecting farmers’ willingness to 
participate in the PMOTP from the perspective of transaction costs and 
PEs with the aim to provide theoretical support for the reasonable 
allocation of PMOTP costs and the construction of a payment 
mechanism for beneficiaries. It combines transaction cost theory and 
peer effects to construct an analytical framework for farmers’ 
participation in the PMOTP and uses survey data from 519 pig farmers 
from Sichuan Province, China, to explain the main driving mechanisms 
and disturbance factors of farmers’ participation. In addition, to better 
understand the factors influencing farmers’ willingness to participate in 
the PMOTP and their level of participation so that the government can 
better establish the environmental payment service project, we explore 
the influence of group heterogeneity and the level of payment on 
farmers’ participation in the PMOTP. The results of this study have 
important implications for the establishment of a model for sustainable 
payments for environmental protection services in the farming industry.

2 Theory and analytical framework

2.1 Transaction costs and the PMOTP

Transaction costs are a core factor determining whether a farmer 
participates in the PMOTP (Yao et al., 2022). Transaction costs are 
divided into ex ante and ex post transactions (Hautsch and Voigt, 
2019). This paper takes farmers’ willingness to participate in the 
PMOTP, which occurs before a transaction, as an example and thus 
focuses on ex ante transaction cost theory. According to transaction 
cost theory (Williamson, 1989), when deciding whether to participate 
in the PMOTP, bounded rational farmers should first consider the 
transaction costs generated in the transaction (Coggan et al., 2010). 
Under the assumption of a given benefit from project participation, 
when transaction costs are high, farmers usually choose to treat the 
animal manure themselves, while when transaction costs are low, 
farmers choose to treat the manure with the help of services provided 
by the external market (Liu and Li, 2023). Drawing on the analytical 
ideas of Williamson’s transaction cost theory (Williamson, 1989), this 
paper analyses the impact of transaction costs on farmers’ 
participation in the PMOTP in terms of asset specificity, uncertainty 
and transaction frequency.

2.1.1 Asset specificity
Asset specificity refers to the characteristic of an asset that is 

difficult to use for other purposes after being adapted to a specific 
purpose (Williamson, 2010). Asset specificity locks assets into a 
particular use structure or nature (Bluemling and Wang, 2018). If a 
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specific right of assets is separated and transferred, then in this case, 
pig farmers not only lose their overall right function but also bear 
higher transaction costs (Zhang X. et  al., 2023). For example, pig 
farmers face higher costs for manure treatment equipment than do 
other types of farmers, and this strong asset specificity indicates a 
stronger trapping effect of pig manure treatment for these farmers, 
thus inhibiting their participation in the PMOTP.

2.1.2 Transaction frequency
Transaction frequency is an important part of transaction cost 

theory and an important factor affecting transaction costs (Williamson, 
1989). In production, pig farmers need to buy many kinds of production 
materials (such as feed, vaccines, medicines, and disinfectants), and 
farmers likely connect with multiple transaction subjects or make 
frequent transactions when purchasing production materials. The 
higher transaction frequency than that associated with connecting to a 
single service subject results in higher transaction costs (Thomas and 
Vink, 2020). Therefore, when farmers have more frequent transactions, 
their transaction costs are relatively high (Sgroi and Sciancalepore, 
2022), which may inhibit their participation in the PMOTP.

2.1.3 Uncertainty
The breeding industry often entails greater development risks 

than other industries (Taylor et  al., 2020). In particular, the pig 
farming industry has been continuously impacted by risks, such as 
animal diseases, natural disasters and market fluctuations in the pig 
price (Xu et al., 2022). For example, African swine fever has had a 
severe impact on China’s farming industry, decreasing the country’s 
pig production by 30% in 2019 (Xu et al., 2022). To protect the safety 
of their animals, many farmers reduce their farms’ interactions with 
the outside world. When pig farmers need to transact with a party 
outside the farm, they will doubtlessly be exposed to greater risk. 
These risks lead to greater uncertainty regarding pig farmers’ 
production, operations and ability to participate in the PMOTP, with 
these farmers paying a high price to resist the impact of these risks. 
Natural disasters and market price uncertainty can also affect farmers’ 
production decision-making behavior. Because most farmers have 
poor risk aversion, they tend to choose conservative production 
methods in the face of high risks (Li et al., 2023). Therefore, this study 
proposes the following research hypotheses:

Hypothesis 1: Increased transaction costs are not conducive to 
farmers’ participation in the PMOTP.

Hypothesis 1a: Increased asset specificity has a restraining effect 
on farmers’ participation in the PMOTP.

Hypothesis 1b: A higher transaction frequency has a disincentive 
effect on farmers’ participation in the PMOTP.

Hypothesis 1b: Uncertainty has an inhibiting effect on farmers’ 
participation in the PMOTP.

2.2 PEs and the PMOTP

PEs, known as “herd effects” in psychology (Sacerdote, 2011), 
refer to situations in which, due to their bounded rationality, 

individuals cannot rely solely on their own information to make 
decisions and instead observe or learn from other individuals in the 
same region or industry (Eisenkopf, 2010). Behavioral economists 
believe that the “last mile” of people’s behavioral decision-making is 
affected by cognitive biases (Diener et al., 2003). We can refer to this 
notion as people’s behavior being affected by the costs of institutional 
change and information asymmetry (Chen et al., 2022; Ullah et al., 
2020). Indeed, one of the prerequisites for the emergence of 
transactions is external economics, i.e., relying on external services to 
reduce production costs (Rindfleisch, 2020). However, information 
asymmetry creates an information gap between the consumer and the 
service provider. Especially in cases of information asymmetry, 
bounded rational individuals tend to overestimate the costs and risks 
of unknown behavioral decisions (Foramitti et al., 2021); thus, they 
prefer to maintain the status quo and choose options that are more 
familiar to them. Peer communication is a key channel through which 
farmers can obtain information and is an important reference for 
farmers in adopting particular behaviors (Yuan et al., 2021). Farmers 
tend to choose the same behaviors as their peers, especially when most 
of their peers choose a particular behavior due to the herd mentality 
(Ali-Rind et al., 2023).

The core of PEs is that human beings are both “economic” and 
“social.” The behaviors of individuals are influenced by market 
economic factors and other peers (Sacerdote, 2011). Combining 
sociological and economic (Palm, 2017), there are three main aspects 
of PEs that can drive farmers to participate in the PMOTP. (1) 
Information exchange. PEs based on geographic proximity and 
kinship can reduce farmers’ information-seeking costs, as the 
technological understanding transferred from peers is based on their 
own production experience and local conditions, which farmers find 
easier to understand and accept (Niu et al., 2022). For example, Zhang 
et al. (2022) found that due to the lack of communication channels 
with peers, farmers show hesitation in implementing government 
policies and green production. Thus, this aspect of PEs also helps 
farmers understand the PMOTP and reduces the risk expectation and 
uncertainty of participation. (2) Behavior imitation. The risks and 
costs of making innovation decisions independently are relatively 
high; thus, farmers may tend to overestimate expected risks and costs 
when weighing costs and benefits (Tran-Nam and Tiet, 2022). 
However, when other farmers participate in the PMOTP, farmers can 
directly observe the benefits and effectiveness of participation, as 
“seeing is believing,” thus stimulating farmers’ preference and 
significantly improving their assessment of the costs and benefits of 
participation (Li and Fang, 2022). On the other hand, peer farmers 
usually have similar resource endowments and social structure 
relationships, their behaviors align with their technical needs, and 
imitating each other’s successful behaviors brings about a sense of 
security in behavioral decision-making; all of these aspects can change 
farmers’ value judgment and prompt them to participate in the 
PMOTP (Zant, 2023). (3) Consumption cluster. Peer effects give rise 
to consumption agglomeration effects, which reduce transaction costs 
for farmers participating in the PMOTP (Gao et al., 2023). That is, 
farmers’ consistent participation grants them higher levels of 
bargaining and negotiation power (Zant, 2023). When farmers 
produce consumption agglomeration effects, PMOTP providers may 
also choose to gather in areas with apparent consumption 
agglomeration because the transportation, time, and search costs can 
be  reduced; this, in turn, attracts more farmers to participate. 
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Therefore, Hypotheses 2 and 3 are proposed. The theoretical research 
framework of this paper is presented below (Figure 1).

Hypothesis 2: Positive PEs can promote farmers’ willingness to 
participate in the PMOTP.

Hypothesis 2a: Increased information exchange can promote 
farmers’ willingness to participate in the PMOTP.

Hypothesis 2b: Positive Behavior imitation can promote farmers’ 
willingness to participate in the PMOTP.

Hypothesis 2c: Greater consumption clustering can promote 
farmers’ willingness to participate in the PMOTP.

Hypothesis 3: PEs can influence farmers’ willingness to participate 
in the PMOTP by adjusting transaction costs.

3 Data source, variable selection, and 
research method

3.1 Data source

The research data came from a questionnaire survey of pig farmers 
in Sichuan Province, China. Sichuan Province is the largest 
pig-producing province in China, with its pig production volume 
ranking first among all provinces in China, reaching 63.14 and 65.48 
million head in 2021 and 2022, respectively (NBS, 2023). Pig farmers 
are becoming increasingly concentrated in Sichuan Province; thus, 
this setting is typical and representative of pig farming (Li et al., 2023). 
We selected Jingyan County, Xuyong County, Nanxi District, Zhaohua 
District, and Yanting County in accordance with their volume of pig 

farming and representative socioeconomic development 
characteristics, and we  randomly selected 4–5 towns and 20–25 
farmers in each county. The research method involved one-on-one 
household interviews. We sent out a total of 550 survey questionnaires. 
After screening and eliminating questionnaires missing important 
information or having inconsistent data, 519 valid questionnaires were 
obtained. A map of the survey sample locations is shown in Figure 2.

3.2 Variable selection

3.2.1 Dependent variable
The primary dependent variable of this study is farmers’ 

willingness to participate in the PMOTP, expressed by their answer to 
the question “Are you  willing to participate in the PMOTP?” 
Furthermore, we  examined the farmers’ willingness to pay for 
the PMOTP.

3.2.2 Independent variables
The core independent variables in this study are transaction costs 

and PEs. According to the definition of transaction costs (Rindfleisch, 
2020; Williamson, 2010), ex ante transaction costs include mainly 
asset specificity, transaction frequency and uncertainty. In this paper, 
the amount invested in animal manure treatment equipment is used 
to measure asset specificity, and the transaction frequency occurring 
in the production process (including feed, medicine, etc.) and current 
pig-rearing risk are used to measure uncertainty. The peer effects in 
this paper came from three aspects: information exchange, behavior 
imitation and consumption cluster. “Number of peers in frequent 
contact” to represent information exchange; “If your peers participated 
in the PMOTP, are you willing to participate?” to represent behavior 
imitation; “how many of your peers adopt the PMOTP” to represent 
consumption cluster.

FIGURE 1

Theoretical research framework.
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3.2.3 Control variables
To alleviate the problem of omitted variable bias, this study controls 

for individual, household, and production and business characteristics. 
Individual characteristics include mainly gender, age, education level, 
and risk preference (He et al., 2022); family characteristics include mainly 
the number of family members and the amount of income (Li et al., 
2023); production and business characteristics include the number of 
rearing years, rearing scale, type of farming, and type of organization 
(Huong et  al., 2020); and other variables include the intensity of 
governmental environmental supervision (Zhou et al., 2022). Table 1 
shows the definitions of the variables.

Approximately 52% of the farmers were willing to participate in the 
PMOTP, with an average payment level of 7.2 yuan/ton (Table 1). Among 
the farmers in the sample, the ratio of male farmers to female farmers 
was approximately 8.3:1.7, the average farmer age was 50.62 years, the 
average time spent breeding was 13.59 years, and the average breeding 
scale was 728 heads. Most pig farmers were risk neutral and believe that 
the government’s environmental supervision intensity is relatively strict 
(4.34), indicating that the current environmental pressure placed on 
farmers is burdensome. These farmers presented similar characteristics 
and structures to those of the pig farmers surveyed by Li et al. (2023) in 
Sichuan Province, China, which supports the bounded rationality of the 
samples to a certain extent.

Among the transaction costs, the average value of farmers’ asset 
specificity reached 108,700 yuan, and the values of uncertainty and 
transaction frequency reached 3.68 and 3, respectively. The value of 2.71 
obtained to measure the consumption cluster indicates that only a few 
peers have adopted PMOTP. Most farmers indicated they would 
be  willing to participate in the PMOTP program if their 
peers participated.

3.3 Research methods

3.3.1 Probit model
This paper focuses first on farmers’ willingness to participate in 

the PMOTP, using the dichotomous response variables of whether 

farmers are willing or unwilling to participate. Therefore, a probit 
model is used to analyze farmers’ willingness to participate in the 
PMOTP, and the probit mode can be expressed as Equation (1):
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where y denotes the farmers’ willingness to participate in the 
PMOTP and is a standard normal cumulative distribution function; 
x x x xn1 2, , , ,   are independent variables; and β β β β1 2 3, , , , n  
are coefficients.

3.3.2 Heckman probit model
Furthermore, we wanted to analyze the farmers’ willingness to 

pay. Farmers’ participation in the PMOTP is divided into two 
stages: the first stage involved choosing one of two options 
(willingness or unwillingness to participate), and the second stage 
involved the level of payment (willingness or unwillingness to 
pay). The level of payments from this group of farmers could 
be  observed only if they were willing to participate in the 
PMOTP. To achieve this goal, we  required two steps: the 
willingness to participate and the willingness to pay. We assumed 
that farmers were willing to pay for PMOPT because they are 
willing to participate in the program; if farmers were not willing 
to participate in PMOTP, they would not pay for the program. 
Meanwhile, farmers’ participation in the PMOTP is highly 
autonomous, and unobservable factors can have an impact on 
participation behavior. However, using only farmers participating 
in the PMOTP as a sample would produce biased estimates, i.e., 
sample selection bias.

The Heckman model can correct such sample selection bias 
through a two-stage estimate (Yarbaşı and Çelik, 2023). Therefore, 
we used the Heckman Probit model to analyze the payment decision-
making behavior of farmers and solve the problem of sample selection 

FIGURE 2

Map of the survey sample locations.
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bias. Referencing Heckman (1979), a probit model was used in the 
first stage to estimate the entire sample via the following Equation (2):
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where yi is the probability of farmers being willing to participate 
in the PMOTP, yi∗ is a latent variable that represents participation, Zi′ 
is an independent variable, βi  is a coefficient, and ∝i  is a random 
error term.

In the second stage, ordinary least squares (OLS) regression was 
used to correct the sample selection bias problem and obtain consistent 
estimates (Yarbaşı and Çelik, 2023) via the following Equation (3):

 
ˆi i i ig X γ αλ ϕ′= + +  (3)

where gi is the payment level at which farmers are willing to 
participate in the PMOTP, Xi′ is the independent variable, γ i is the 
coefficient, α  is the coefficient of the inverse Mill’s ratio, λ



 is the 

estimated value obtained from P Y w wi i=( ) = ( )1 Φ , ,γ  and ϕi is the 
random error term.

4 Results

4.1 Effect of transaction costs and PEs on 
farmers’ participation in the PMOTP

4.1.1 Benchmark regression
Table 2 shows the benchmark regression results. Column (1) of 

Table 2 includes only the three indicators denoting transaction costs, 
while Column (2) includes all the control variables in the regression 
model. Columns (3) and (4) of Table 2 show the results of the stepwise 
regression of PEs on farmers’ willingness to participate in the 
PMOTP. Column (5) to (7) shows the combined effect of transaction 
costs and PEs on farmers’ willingness to participate in the PMOTP. As 
shown in Column (7) Table 2, transaction frequency, asset specificity 
and uncertainty are significantly negative at the 1% level, which fully 
supports Hypothesis 1 (a, b, and c) and is similar to the results of Hou 
et  al. (2023). This finding suggests that the increase in farmers’ 
transaction costs during the operation of the PMOTP is not conducive 

TABLE 1 Descriptive statistics of the variables.

Variable Definition Mean S.D.

Willingness to participate (WTPAR) Are you willing to participate in the PMOTP (0 = no; 1 = yes)? 0.52 0.50

Willingness to pay (WTPAY) How much are you willing to pay to participate in the PMOTP (yuan/ton)? 7.20 9.63

Asset specificity (AS) Investment amount in animal manure treatment equipment (104 yuan) 10.87 3.40

Uncertainty (UNC)
Pig farming risks (1 = very low, 2 = relatively low, 3 = general, 4 = relatively high, and 5 = very 

high)1
3.68 1.09

Transaction frequency (TF)
Transaction frequency occurring in the production process (including feed, medicine, etc.) 

(1 = hardly frequent, 2 = less frequent, 3 = general, 4 = more frequent, and 5 = very frequent)
3 0.80

Information exchange (IE) Number of peers in frequent contact (0–10 = 1, 11–20 = 2, 21–30 = 3, 31–40 = 4, over 40 = 5) 2.81 1.45

Behavior imitation (BI)
If your peers participated in the PMOTP, are you willing to participate? (1 = very reluctant, 

2 = less reluctant, 3 = general, 4 = more willing, and 5 = strongly willing)
3.67 1.00

Consumption cluster (CC)
How many of your peers (pig farmers) adopt the PMOTP (1 = very little, 2 = relatively little, 

3 = general, 4 = relatively much, and 5 = very much)
2.71 0.87

Age Age of respondent (years) 50.62 8.53

Sex Sex of respondent (0 = male; 1 = female) 0.83 0.38

Education (EdU) Education of respondent (years) 8.97 3.28

Family size (FS) Household resident population (unit: persons) 4.98 1.65

Rearing time (RT) Rearing time of respondent (years) 13.59 9.63

Rearing scale (RS) Rearing scale in 2022 (heads) 4.88 2,000.3

Rearing income as a proportion of total 

household income (RI)
Rearing income as a proportion of total household income 0.66 0.28

Rearing model (PS)
Rearing model adopted by farmers (1 = pig-breeding farm, 2 = self-breeding and self-rearing 

farm, 3 = weaned piglet farm, and 4 = piglet-finishing farm)
2.45 0.87

Organizational style (OR)
What kind of organization is your organization (1 = cooperative, 2 = breeding association, 

3 = breeding community, 4 = company, and 5 = none)?
4.14 1.50

Risk appetite (RA) Risk appetite type (1 = risk conservative, 2 = risk neutral, and 3 = risk aggressive) 2.01 0.65

Governmental environmental 

supervision intensity (GI)

Intensity of government regulation of standardized manure treatment (1 = very loose, 2 = less 

loose, 3 = general, 4 = tighter, and 5 = strongly tight)
4.34 0.95

Indicators 1–5 are evaluated on a 5-point Likert scale, with 1 being the weakest effect and 5 being the strongest effect.
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TABLE 2 Benchmark regression results.

Variables (1) WTPAR (2) WTPAR (3) WTPAR (4) WTPAR (5) WTPAR (6) WTPAR (7) WTPAR

TF −0.284*** (0.076) −0.275*** (0.079) −0.287*** (0.095) −0.271*** (0.097) −0.169* (0.102)

AS −0.027*** (0.007) −0.051*** (0.010) −0.061*** (0.010) −0.071*** (0.012) −0.072*** (0.013)

UNC −0.208*** (0.055) −0.260*** (0.057) −0.239*** (0.068) −0.272*** (0.071) −0.281*** (0.074)

BI 0.860*** (0.086) 0.946*** (0.094) 1.043*** (0.107) 1.057*** (0.110) 1.227*** (0.111)

CC 0.171*** (0.036) 0.187*** (0.052) 0.196** (0.089) 0.204** (0.093) 0.173* (0.098)

IE 0.051 (0.052) 0.114** (0.056) 0.139** (0.061) 0.140** (0.064) 0.173*** (0.062)

Sex 0.026 (0.163) −0.012 (0.009) 0.220 (0.218) 0.280 (0.238)

Age −0.002 (0.008) 0.190 (0.191) −0.010 (0.010) 0.003 (0.011)

EdU −0.022 (0.020) −0.058*** (0.022) −0.065*** (0.025) −0.051* (0.031)

FS −0.057 (0.037) −0.070* (0.039) −0.074 (0.045) −0.101** (0.051)

RT 0.006 (0.007) 0.003 (0.008) −0.001 (0.008) −0.008 (0.009)

RS 0.189*** (0.050) −0.161*** (0.046) −0.116* (0.063) 0.254*** (0.070)

RI −0.096 (0.240) −0.056 (0.257) −0.136 (0.296) −0.074 (0.340)

RA −0.299*** (0.097) 0.057 (0.105) 0.077 (0.120) −0.137 (0.125)

GI 0.037** (0.017) −0.001 (0.018) 0.020 (0.020) −0.005 (0.025)

PS No No No No No No Control

OR No No No No No No Control

Counties No No No No No No Control

Towns No No No No No No Control

Constant 1.867*** (0.310) 2.262*** (0.718) 0.860*** (0.086) −2.123*** (0.786) −2.550*** (0.544) −1.671* (0.990) −5.195*** (1.552)

Pseudo R2 0.113 0.164 0.261 0.316 0.439 0.461 0.523

Observations 519 519 519 519 519 519 519

Column (1)–(6) standard errors in parentheses, and Column (7) robust standard errors in parentheses; ***p < 0.01, **p < 0.05, and *p < 0.1.
WTPAR, willingness to participate; AS, Asset specificity; UNC, Uncertainty; TF, transaction frequency; BI, behavior imitation; CC, consumption cluster; IE, information exchange; EdU, education; FS, family size; RT, rearing time; RS, rearing scale; RI, rearing income 
as a proportion of total household income; RM, rearing model; OR, organizational style; RA, risk appetite; GI, Governmental environmental supervision intensity.
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TABLE 3 Results of the robustness test.

Variables (1) Probit (2) Logit (3) Logit (4) OLS (5) OLS

WTPAR WTPAR WTPAR WTPAR WTPAR

TCs −0.580*** (0.088) −1.006*** (0.161) −0.139*** (0.021)

PEs 0.743*** (0.080) 1.268*** (0.145) 0.197*** (0.017)

TF −0.296*** (0.087) −0.057*** (0.021)

AS −0.126*** (0.026) −0.002*** (0.001)

UNC −0.479*** (0.137) −0.066*** (0.016)

BI 2.122*** (0.218) 0.243*** (0.017)

CC 0.320* (0.174) 0.033* (0.019)

IE 0.315*** (0.111) 0.039*** (0.014)

Control variables Yes Yes Yes Yes Yes

PS Control Control Control Control Control

OR Control Control Control Control Control

Counties Control Control Control Control Control

Towns Control Control Control Control Control

Constant
−0.176 −0.443 −9.281*** 0.444 −0.275

(1.041) (1.822) (3.115) (0.290) (0.288)

Pseudo R2/R2 0.333 0.334 0.520 0.374 0.498

Observations 519 519 519 519 519

Robust standard errors are in parentheses; ***p < 0.01, **p < 0.05, and *p < 0.1.
WTPAR, willingness to participate; TCs, transaction costs; PEs, peer effects; AS, Asset specificity; UNC, Uncertainty; TF, transaction frequency; BI, behavior imitation; CC, consumption 
cluster; IE, information exchange; RM, rearing model; OR, organizational style.

to farmers’ participation in the project. In contrast, PEs have a 
significant promoting effect. Among them, information exchange and 
behavior imitation promote the farmers’ participation in the PMOTP 
at the significance level of 1%, and consumption cluster also has an 
incentive role on farmers’ willingness to participate at the significance 
level of 10%. That is, when most of their peers participate in the 
PMOTP, respondents also show willingness to participate. Hypothesis 
2 (a, b, c) was confirmed.

Control variables, the greater the share of rearing income in 
total household income is, the less likely the farmer is to participate 
in the PMOTP. However, uncertainty exists in the regression results 
for the rearing scale. When the rearing mode and organizational 
style are controlled, farmers’ risk preference and rearing scale have 
opposite effects on their willingness to participate in the PMOTP, 
which indicates that the effects of farmers’ risk preference and 
rearing scale may vary across different rearing modes or 
organizational styles. The specific roles of farmers’ organizational 
style, rearing model and rearing scale were analyzed via a 
heterogeneity test.

4.1.2 Robustness test
In the benchmark regression (Section 4.1.1), we controlled for 

different types of rearing models, organizational styles, counties and 
towns and conduct robust standard error regression, which enhances 
the accuracy of the regression model. We changed the model and main 
explanatory variables to further ensure the correctness of the regression 
results. First, we combined the variables of three dimensions—asset 
specificity, uncertainty and transaction frequency—through principal 
component analysis (PCA) and used a probit model for regression. 

Similarly, the PCA method was also used to calculate the comprehensive 
value of PEs. The regression results are shown in Column (1) of Table 3. 
The coefficient of transaction costs (TCs) is significantly negative 
(−0.580), and PEs are positive (0.743) and significant at the 1% level, 
which is consistent with the benchmark regression results.

Second, we used logit and OLS models to estimate the impact of 
transaction costs and PEs on farmers’ willingness to participate in the 
PMOTP. Like probit models, logit models can also handle binary 
variables from cross-sectional data, and OLS regression is a common 
method used to verify linear relationships between variables. Columns 
(2) and (4) of Table 4 show that the sign direction of the coefficients of 
transaction costs and PEs does not change after OLS and Logit 
regression methods are adopted, and the p-value is less than 0.01. As 
shown in Columns (3) and (5) of Table  3, the transaction cost 
dimensions still have a significant negative impact on farmers’ 
participation in the PMOTP (p < 0.01), while PEs dimensions maintain 
a positive role according to the logit and OLS approaches. In the results 
from the whole regression, we  adopted the robust standard error 
regression method and control for the county and township, which can 
effectively improve the reliability of the regression results. By verifying 
via different methods, we  still obtained results similar to those in 
Section 4.1.1, which indicates that the models and methods adopted 
are effective and reliable.

4.2 Moderating role of PEs

PEs can affect the behavioral choices of farmers, but in the context 
of high transaction costs, do PEs play a positive or negative moderating 
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role? In fact, farmers can obtain more information about the PMOTP 
by talking to their peers, which can affect their assessment of the value 
of participating in the project. Assuming that PEs can increase 
farmers’ perceptions of the benefits of PMOTP participation, PEs can 
mitigate the adverse effects of transaction costs.

To verify this hypothesis, we first used the comprehensive index 
of transaction costs (TCs) and PEs (PEs) for interaction processing 
and conduct a regression. Moreover, to prevent possible collinearity 
of the interaction term, we decentralized the main variables. The 
results are shown in Table  4, Column (1). The interaction term 
TCs*PEs is not positive, indicating that PEs have a dampening 
effect on the role of transaction costs at 10% significance level.

Furthermore, we interacted transaction frequency, asset specificity 
and uncertainty with PEs and conducted regressions to verify the role 
of these interaction terms in farmers’ participation in the PMOTP. The 
results, presented in Columns (2)–(5) of Table 4, show that only the 
AS*PEs coefficient is significantly negative (p < 0.01); i.e., PEs 
significantly weaken the negative effect of asset specificity. 
Additionally, the coefficients of the interaction terms UNC*PEs in 
Columns (4), respectively, are negative at 10% significance level. The 
coefficients of TF*PEs are negative but nonsignificant, indicating that 
PEs may inhibit transaction risk, but further tests are needed for 
verification. Therefore, following Otieno et al. (2023), we attempted to 
further analyze the moderating role of PEs through the use of grouped 
regression. We used the mean value of PEs as the basis for grouping. 
From Table 5, the negative effects of transaction frequency, risk and 
asset specificity on farmers’ willingness to participate in PMOTP in 
the high-mean group (Column 2) are significantly weaker than the 
effects in the low-mean group (Column 1), which indicates that 
positive PEs can weaken the negative effects of transaction costs on 
farmers’ willingness to participate in the PMOTP.

4.3 Heterogeneity analysis

4.3.1 Effect of the decision to join a cooperative 
organization on farmers’ willingness to 
participate in the PMOTP

We further verified the effect of farmers’ decision to join a cooperative 
organization on their participation in the PMOTP. Table 6 shows that 
farmers who do not join an organization are greatly affected by transaction 
costs and PEs (Columns 1 and 2). For example, asset specificity and 
uncertainty have stronger negative effects on PMOTP participation for 
farmers who are not involved in any cooperative than for farmers who are 
involved in at least one cooperative. A similar result is shown for PEs. 
Farmers not involved in any cooperative are more affected by PEs than 
those involved in at least one cooperative. Notably, in the process of 
heterogeneity analysis, we adopted a fixed effects model and conduct 
robust standard error regression; thus, the results are reliable.

4.3.2 Impact of different rearing modes on 
farmers’ willingness to participate in the PMOTP

The main pig-rearing modes in China are self-breeding and 
self-rearing, pig-breeding, piglet-finishing and weaned piglet-
selling farms. However, according to our survey results, the main 
pig-rearing modes in Sichuan Province are self-breeding and self-
rearing farms and piglet-finishing farms,1 while pig-breeding 

1 In the self-breeding and self-rearing model, the farmer raises sows, breeds 

piglets, and then raises the piglets until they become commercial pigs for sale 

or eating. In the piglet-finishing model, piglets are moved from the nursery 

into the growing house to feed.

TABLE 4 Moderating role of PEs.

Variables (1) WTPAR (2) WTPAR (3) WTPAR (4) WTPAR (5) WTPAR

TCs −0.567*** (0.092)

PEs 0.766*** (0.086) 1.027*** (0.319) 0.938*** (0.097) 1.221*** (0.277) 0.829* (0.484)

TCs*PEs −0.176* (0.099)

TF −0.316*** (0.089) −0.188* (0.097)

AS −0.046*** (0.012) −0.045*** (0.011)

UNC −0.312*** (0.066) −0.281*** (0.066)

TF*PEs −0.105 (0.097) −0.081 (0.113)

AS*PEs −0.027*** (0.010) −0.026*** (0.009)

UNC*PEs −0.124* (0.067) −0.039 (0.068)

OR Control Control Control Control Control

PS Control Control Control Control Control

Counties Control Control Control Control Control

Towns Control Control Control Control Control

Control variables Yes Yes Yes Yes Yes

Constant −0.150 (1.045) 0.594 (1.054) −0.464 (1.094) 0.942 (1.065) 1.414 (1.224)

Pseudo R2 0.339 0.277 0.352 0.294 0.382

Observations 519 519 519 519 519

Robust standard errors are in parentheses; ***p < 0.01, **p < 0.05, and *p < 0.1.
WTPAR, willingness to participate; TCs, Transaction costs; PEs, peer effects; AS, Asset specificity; UNC, Uncertainty; TF, transaction frequency; RM, rearing model; BI, behavior imitation; 
CC, consumption cluster; IE, information exchange; OR, organizational style; PEpca, the comprehensive value of transaction costs.
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farms and weaned piglet-selling farms are rare. Thus, we analyze 
only self-breeding and self-rearing farms and piglet-finishing 
farms. As shown in Table 7, farmers adopting the piglet-finishing 
model are generally more affected by transaction costs and PEs, 
while those adopting the self-breeding and self-rearing model  
are less affected. Generally, self-breeding and self-rearing  
farms are small and medium-sized farms, while piglet-finishing 
farms are larger (Li et al., 2023), which means that piglet-finishing 
farmers purchase more materials during production than  
self-breeding and self-rearing farmers, and their total  
value of equipment assets is greater. This situation may expose 
piglet-finishing farms to greater risks, resulting in this group  
of farmers being more sensitive to transaction costs  
than other groups of farmers are. Therefore, as the transaction 
frequency, asset specificity and uncertainty increase, the 
probability of piglet-finishing farmers participating in the 
PMOTP decreases.

4.3.3 Role of the rearing scale in farmers’ 
participation in the PMOTP

Referring to Zhou et al. (2023), we defined farmers with fewer 
than 50 pigs per year as free-range (small-scale) farmers, farmers with 
50 to 500 pigs per year as medium-scale farmers, and farmers with 
more than 500 pigs per year as large-scale farmers.

Table 8 shows that the impact of transaction frequency on small-
scale farmers’ participation in the PMOTP is not significant and that the 
effect on medium-and large-scale farmers is more pronounced. Asset 
specificity has a negative effect on medium-and large-scale farmers but 
a positive effect on small-scale farmers. Uncertainty has a disincentive 
effect on the participation of small-and medium-scale farmers in the 
PMOTP, but the effect is not significant for large-scale farmers. PEs have 
a positive effect on small-and medium-scale farmers’ participation in the 
PMOTP, but the effect of PEs on large-scale farmers is not significant.

Depending on the actual situation, small-scale farmers 
generally follow self-breeding and self-rearing models; therefore, 

TABLE 5 Grouped regression results.

Variable (1) WTPAR (2) WTPAR

PEs  <  Mean PEs  >  Mean

TF −0.316** (0.131) −0.304** (0.128)

AS −0.137*** (0.012) −0.070*** (0.024)

UNC −0.403*** (0.096) −0.357*** (0.104)

Control variables Yes Yes

OR Control Control

PS Control Control

Counties Control Control

Towns Control Control

Constant 2.614 (1.997) 1.142 (1.424)

Pseudo R2 0.345 0.439

Observations 244 275

Robust standard errors are in parentheses; ***p < 0.01, **p < 0.05, and *p < 0.1.
WTPAR, willingness to participate; AS, Asset specificity; UNC, Uncertainty; TF, transaction frequency; PEs, peer effects; RM, rearing model; OR, organizational style.

TABLE 6 Effect of organizational style on farmers’ willingness to participate in the PMOTP.

Variable (1) WTPAR (2) WTPAR

Not join Join

TF −0.138 (0.103) −0.425 (0.265)

AS −0.063*** (0.014) −0.052*** (0.019)

UNC −0.290*** (0.076) −0.586*** (0.214)

PEs 0.855*** (0.101) 0.766*** (0.192)

PS Control Control

Counties Control Control

Towns Control Control

Control variables Yes Yes

Constant 2.920* (1.597) 3.854 (3.194)

Pseudo R2 0.378 0.476

Observations 380 139

Robust standard errors are in parentheses; ***p < 0.01, **p < 0.05, and *p < 0.1.
WTPAR, willingness to participate; AS, Asset specificity; UNC, Uncertainty; TF, transaction frequency; PEs, peer effects; RM, rearing model; OR, organizational style.
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these farmers have less frequent transactions than other farmers. As 
the scale of rearing increases, the purchase of feed, drugs, and 
disinfectants for epidemic prevention becomes more frequent, thus 
increasing transaction costs. Large-scale farming can reduce 
production costs and allow farmers to resist risks through the 
advantages of modern operation and involves optimal manure 
treatment equipment, which leads to higher transaction costs, such 
that the behaviors of their peers have little impact on these farmers.

4.4 Further analysis: impact of transaction 
costs and PEs on farmers’ payment levels

After exploring the influence of farmers’ willingness to 
participate in the PMOTP, we  further examined farmers’ 

willingness to pay for such participation, which is helpful for 
establishing an effective environmental payment service 
mechanism for livestock (Ren, 2022). The Heckman probit 
model was used to analyze the effects of transaction costs and 
PEs on farmers’ payment levels. In Column (1) of Table 9, asset 
specificity, transaction frequent, and risk are shown to have a 
significantly negative effect on farmers’ willingness to 
participate, and PEs are positive. As Column (2) of Table  9 
shows, the higher the transaction frequency and risk levels are, 
the less the farmers are willing to pay to participate in the 
PMOTP; when PEs are more significant, farmers are willing to 
pay more to participate in the PMOTP. Moreover, farmers with 
more manure treatment equipment assets tend to be willing to 
pay more to participate in such projects than those with fewer 
such assets.

TABLE 7 Impact of different farming modes on farmers’ willingness to participate in the PMOTP.

Variable (1) WTPAR (2) WTPAR

Self-breeding and self-rearing Piglet-finishing

TF −0.249** (0.109) −0.567* (0.299)

AS −0.042*** (0.012) −0.098*** (0.031)

UNC −0.301*** (0.076) −0.439** (0.188)

PEs 0.577*** (0.106) 0.875*** (0.236)

OR Control Control

Counties Control Control

Towns Control Control

Control variables Yes Yes

Constant 1.208 (1.301) 4.398 (3.643)

Pseudo R2 0.408 0.450

Observations 383 121

Robust standard errors are in parentheses; ***p < 0.01, **p < 0.05, and *p < 0.1.
WTPAR, willingness to participate; AS, Asset specificity; UNC, Uncertainty; TF, transaction frequency; PEs, peer effects; RM, rearing model; OR, organizational style.

TABLE 8 Role of the rearing scale in farmers’ willingness to participate in manure recycling projects.

Variables (1) WTPAR (2) WTPAR (3) WTPAR

Small Scale Mediate Scale Large Scale

TF 0.119 (0.202) −0.385** (0.169) −4.858* (2.669)

AS 0.307*** (0.110) −0.040** (0.020) −0.320** (0.160)

UNC −0.345** (0.145) −0.440*** (0.112) −0.477 (0.518)

PEs 1.342*** (0.247) 0.979*** (0.129) 1.645 (1.050)

PS Control Control Control

OR Control Control Control

Counties Control Control Control

Towns Control Control Control

Control variables Yes Yes Yes

Constant 7.973*** (2.532) 4.609** (2.071) 4.095 (10.082)

Pseudo R2 0.546 0.387 0.767

Observations 143 265 111

Robust standard errors are in parentheses; ***p < 0.01, **p < 0.05, and *p < 0.1.
WTPAR, willingness to participate; AS, Asset specificity; UNC, Uncertainty; TF, transaction frequency; PEs, peer effects; RM, rearing model; OR, organizational style.
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5 Discussion

This study aimed to assess the effectiveness of the current 
PMOTP in China from the perspective of farmers’ willingness to 
participate. Therefore, we established an analytical framework of 
farmers’ willingness to participate in the PMOTP based on 
transaction cost theory and PE theory and conduct an empirical 
analysis using survey data from 519 pig farmers. In addition, to 
better understand the factors influencing farmers’ willingness to 
participate in the PMOTP and their level of participation so that 
the government can better establish an environmental payment 
service project, we explored the influence of group heterogeneity 
and the level of payment on farmers’ participation in the 
PMOTP. The results indicate that farmers are strongly willing to 
participate, which is somewhat different from the findings of 
Zhao et al. (2019). While Zhao et al.’s study revealed that farmers’ 
willingness to participate in the PMOTP (41%) and level of 
payment (4.6 yuan, on average) were low, our study obtained 
somewhat different results (52.6% and 7.2 yuan, respectively). 
There are several reasons for this result. (1) As the Chinese 
government has strengthened its efforts to control the 
environment, environmental protection has become a bottom line 
for farmers (Bai et al., 2022). The government inspects farms for 
environmental problems at least 3–5 times per year, which raises 
the levels of environmental awareness and places higher pressure 
on farmers (Li et al., 2023). If a farm is found to have failed to 
comply with the standards of manure treatment or even to have 
discharged manure clandestinely, the farmer is fined (0–50,000 
yuan) and may even face farm closure or jail time due to 
environmental concerns (Pan, 2023). Farmers participate in the 
PMOTP as long as they can guarantee the good environmental 
status of their farms. (2) The cost of PMOTP participation can 
vary significantly depending on external factors, such as transport 
distance. In addition, the survey used in this study took place in 
2023, and compared with the data of Zhao et al.’s survey in 2019, 
price increases are an important factor that must be considered. 
All of the above factors can lead to differences in farmers’ 
willingness to participate and their payment levels.

Our study also further confirms the role of transaction cost 
theory and peer effects in PMOTP participation. Although farmers 
are strongly willing to participate in the PMOTP, transaction costs 

are an important factor inhibiting them. In fact, the Chinese 
government emphasizes that farmers should invest in 
environmental treatment equipment (Bai et al., 2019), which can 
increase the transaction costs of farmers participating in the 
PMOTP and create a conflict in the promotion of these projects. 
Therefore, how to reduce the transaction costs of farmers adopting 
PMOTP is the key to promote environmental protection projects 
(Coggan et al., 2010; Palm, 2017). Peer participation and support 
are important factors that motivate farmers to participate in the 
PMOTP. Furthermore, PEs reduce the inhibitory effect of 
transaction costs on farmers’ PMOTP participation, and the 
“information exchange,” “behavior imitation,” and “consumption 
cluster” are verified. A large amount of sociological literature also 
supports this assertion, and the role of PEs have been verified in 
schools, enterprises and factories (Ali-Rind et al., 2023).

Heterogeneity analyses show that large-scale farmers are more 
significantly affected by transaction costs and PEs than are other types 
of farmers. In China, the number of large-scale farms continues to 
increase, which has also led to stricter government regulation of these 
farms. To ease the pressure of environmental regulation, large-scale 
farms tend to pay more attention to market information and methods 
of handling livestock manure, and they are willing to adopt new 
methods suggested by their peers (Zhou et al., 2024). Our further 
analyses reveal that although a higher degree of asset specificity is 
associated with a lower willingness of farmers to participate in the 
PMOTP, it is conducive to increasing the level of farmer payments, 
although this phenomenon still deserves further investigation. This 
result shows that transaction costs have two effects on farmers’ 
adoption of new technologies: on the one hand, transaction costs will 
reduce the willingness and behavior of some farmers to adopt new 
methods; on the other hand, farmers with high asset specificity have 
better capital to adopt new technologies than those with low 
asset specificity.

6 Research conclusions and policy 
recommendations

This paper adopts the traditional probit model and Heckman 
probit model and uses research data from 519 pig farmers in Sichuan 
Province to analyze the impact of transaction costs and peer effects 

TABLE 9 Results of the Heckman probit model.

Variables (1) WTPAR (2) WTPAY

TF −0.311* (0.166) −0.141* (0.075)

AS −0.050*** (0.016) 0.002 (0.002)

UNC −0.271*** (0.089) −0.195*** (0.054)

PEs 0.569*** (0.101) 0.544*** (0.064)

Athrho 1.870*** (0.848)

Control variables Yes Yes

Constant 2.340** (0.989) 1.161*** (0.300)

Observations 519 519

Standard errors are in parentheses; ***p < 0.01, **p < 0.05, and *p < 0.1.
WTPAR, willingness to participate; AS, Asset specificity; UNC, Uncertainty; TF, transaction frequency; PEs, peer effects; RM, rearing model; OR, organizational style.
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on farmers’ participation in the PMOTP. The main conclusions are as 
follows. (1) Farmers’ willingness to participate in the PMOTP 
decreases with asset specificity, transaction frequency and uncertainty 
but increases with PEs. (2) The inhibitory effect of transaction costs 
on farmers’ willingness to participate in the PMOTP is weakened by 
PEs. (3) Heterogeneity analyses show that nonparticipating farmers, 
self-breeding and self-rearing farmers, and large-scale farmers are 
more significantly affected by transaction costs and PEs. (4) Increased 
transaction frequency and uncertainty can reduce farmers’ 
willingness to pay for PMOTP participation, but asset specificity and 
PEs are likely to facilitate increased farmer investment in the PMOTP.

Based on the above conclusions, this paper offers the following 
policy implications. First, transaction costs have a significant 
inhibitory effect on farmers’ participation in the PMOTP. Therefore, 
the transaction time, transaction frequency and transaction method 
should be reasonably arranged to reduce farmers’ information search 
costs and transaction costs, the transaction contract should 
be standardized, and farmers should cooperate with the government 
as a guarantor to reduce the degree of transaction risk. Second, by 
exploiting collective consumption, cooperatives, farming associations 
or village collective organizations can unify their negotiations with 
PMOTP providers and reduce transaction costs by leveraging scale 
advantages and competitiveness. Finally, large-scale farmers have 
shown sufficient willingness to adopt PMOTP, so the government 
should also subsidize this project and encourage large-scale farmers 
to adopt PMOTP. The number of large-scale farmers is increasing in 
China, and these farmers can play a better demonstration role and 
peer effects.
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