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Abstract: Rice–crayfish coculture systems (RCSs) have been widely promoted in China as an efficient
circular agriculture model that can simultaneously improve rice quality, raise the efficiency of
utilization of resources, and increase farmers’ incomes. However, the herd behavior of farmers in the
adoption of the rice–crayfish coculture system warrants more attention, as the rational adoption of
this system by farmers is a prerequisite for achieving the above objectives. This paper analyses the
formation mechanism of farmers’ herd behavior based on information cascade theory. Using micro-
survey data from 603 farmers in China and a bivariate probit model, we examine the existence of
herding effects in the adoption of RCSs by farmers and the inhibitory effect of information acquisition
capability on herd behavior. To address possible endogeneity issues, we also conducted a robustness
test using the IV-probit model. Furthermore, we tested for between-group differences in agricultural
income between farmers with herding adoption and non-herding adoption. The study reveals that the
larger the number of prior adopters, the higher the probability of blind adoption behavior by farmers,
indicating the existence of a herd effect. Information acquisition ability could significantly inhibit
the herd behavior of farmers in the adoption of RCSs. We also found that farmers’ herd behavior
in the adoption of these systems was not economically rational. Based on the research findings, we
proposed several constructive suggestions for policy perfection.

Keywords: agriculture; circular agriculture; rice–crayfish coculture system; herd behavior; information
acquisition ability; farmer

1. Introduction

Rice–crayfish coculture systems (RCSs) refer to the simultaneous or alternate cultiva-
tion of rice and crayfish in a rice field. Since they allow two outputs from a single paddy
field, they are an efficient circular agricultural model that can improve rice quality and
boost farmers’ incomes [1,2]. At the end of 2022, the crayfish aquaculture area in China
increased from 600,000 hectares in 2016 to 1.867 million hectares, of which 1.567 million
hectares, or about 84%, were under rice–crayfish coculture. In China’s current market
conditions, the price of crayfish is much higher than that of rice, and many farmers have
witnessed the profitability of crayfish farming in paddy fields from farmers around them,
and they have copied them by adopting RCSs. If an excessive number of farmers follow
the trend of adopting the RCS, it will lead to an overheated investment in the crayfish
industry, and the area of rice cultivation cannot be guaranteed. In this way, the RCS may not
achieve ecological sustainability or increase farmers’ income while ensuring food produc-
tion [3]. Clarifying the logic behind the farmers’ adoption of RCSs and finding reasonable
methods to intervene are of great significance for ensuring food security and sustainable
agricultural development.

The influencing factors of farmers’ adoption of circular agricultural modes have
been well documented, including farmers’ knowledge [4,5], environmental values [5,6],
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economic values [7], policy support [8,9], risk attitudes [10], and neighborhood influ-
ences [11,12]. However, further research on the effect of social networks on farmers’
adoption of circular farming models is required. Previous studies [13–16] examining the
farmers’ behavior imitating other farmers in their social networks have found that farmers
are easily influenced by other farmers in their decisions to adopt new cultivated varieties
and new agricultural technologies, their input of pesticides and fertilizers, their purchase of
agricultural insurance, etc. Consequently, they show behavioral convergence, the reasons
behind which can be diverse. Most studies attribute the presence of behavioral convergence
among farmers to the exchange of information within their social network [17,18], difficul-
ties in accessing information for farmers due to information asymmetry [19], and social
learning mechanisms [20,21]. Firstly, their social network, which is mainly composed of
relatives, friends and neighbors, promotes information exchange and increases the degree
of mutual trust. The experience of other pioneers can strongly promote the imitation
behaviors of farmers [17,18]. Secondly, when farmers are not experienced in agricultural
production and management, they will tend to obtain more information from external
sources, and if the information acquisition channels are few and the cost is high, it will
directly promote farmers’ imitation behaviors [19]. Thirdly, by observing the outcomes
of benefits and costs of other adopters, farmers can develop an expectation of the risk of
adopting a new agricultural model [20,21] and thus make a decision on whether to adopt it
or not.

Due to the difficulty in distinguishing herd behaviors from peer effects, many studies
about farmers’ behavioral convergence did not make a clear distinction between these two
concepts. The peer effect denotes the influence of peers who share similar basic charac-
teristics and face similar decision-making problems, and it usually happens in the same
social network or industry group [22]. Herd behavior refers to individuals extracting
information from the observed behaviors of their predecessors in an incomplete informa-
tion environment and giving up their own private information to follow the majority of
people’s choices [23]. Although both show conformity characteristics, there are differences
between these two concepts. The peer effect refers to the interactive communication and
learning between decision makers and peers, which reduces decision-making uncertainty
through the imitation of peers’ decision making. However, herd behavior emphasizes
the behavior of subsequent decision makers ignoring their own knowledge to follow the
previous decisions of the majority [24]. We want to explore whether there is a herd effect
in the promotion of RCSs, where farmers ignore their own situation and blindly follow
others’ decisions.

Drawing upon the discussions above, this study aims to explore the presence of
herd behavior and its mechanism in farmers’ adoption of RCSs, as well as its related
economic consequences. Previous literature provides theoretical and methodological
references for this study. However, studies on farmers’ herd behavior based on empirical
data have not considered farmers’ neglect of their own knowledge, and most of them
directly test the impact of other farmers’ adoption on the adoption behavior of the study
subjects. Therefore, this paper rigorously identifies herd behavior in the adoption of RCSs
and measures the herd effect based on the theory of herd behavior. Second, studies on
farmers’ herd behavior in decision making usually focus on testing the existence of the
herd effect, and factors influencing farmers’ herd behavior have not been investigated in
the literature from the perspective of information acquisition ability. Thus, in this paper,
we contribute to the literature by examining the effect of information acquisition ability on
farmers’ herd behavior. Third, research on the outcome of farmers’ herd behavior remains
inconclusive, although there have been many contributing studies in the financial field on
the impact of herd behavior on investors’ benefit. Therefore, our study aims to quantify the
economic outcomes of farmers’ herding behavior by comparing the income of farmers who
adopted the RCS due to herding reasons with the income of farmers who adopted it due to
other reasons.
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The remainder of the paper is structured as follows. Section 2 presents the theoret-
ical analysis. Section 3 details the data sources, the econometric model, and descriptive
statistics. Section 4 reports the estimation results. Section 5 discusses research outcomes
and implications. Section 6 features the results, policy implications and suggestions for
further research.

2. Theoretical Analysis
2.1. The Herding Behavior in Farmers’ Adoption of RCSs

Informational cascades are theorized as an underlying mechanism of herding [25].
Bikhchandani, Hirshleifer and Welch (BHW) proposed the concept of information cascades
for the first time in 1992 [26]. They argued that, in the case of incomplete information,
rational decision makers will combine private information and others’ decisions to infer
the best decision. Furthermore, if the decision preference of others reaches a high level,
later decision makers will give up their own information and follow the decisions of others,
in which case an informational cascade occurs. These, of course, require that individuals
decide in a sequence and that the actions of others are observable. Anderson and Holt (1997)
carried out an experimental test of the theory, concluding that herding is indeed observed
and interpreting their data as showing that subjects decided rationally [27]. Conversely,
Huck and Oechssler (2000) found little support for rational cascade theory [28].

Since the above conclusions are mainly based on mathematical derivation or exper-
iments, their applicability in analyzing farmers’ production decision making requires
further analysis.

Uncertainty can significantly impact the agricultural production decisions of farm-
ers [29], such as diversified planting [30], adoption of crop innovation [31], farmland
allocation decisions [32], etc. In environments with high event uncertainty, people’s choices
are likely influenced by others’ decisions and personal previous experiences [33]. When
farmers lack experience with new varieties or technological innovations, they will some-
what reduce their trust in their own information. As a result, they tend to believe that other
independent individuals made decisions after obtaining sufficient information and then
follow the behaviors of most people to reduce information asymmetry and decision-making
uncertainty [34]. The RCS is a new type of circular farming model. Compared to the typical
rice monoculture, the operation of RCS poses higher risks and more technical difficul-
ties [35]. And it is not easy for newcomers to obtain technical and market information about
RCS [36]. This kind of information asymmetry makes it difficult for farmers to confirm
the accuracy of their own information, which may lead to the farmers’ behavior of imitat-
ing those who have made adoption decisions in the group [37]. Farmers naturally trust
information sources within their social networks, and the adoption behaviors of neighbors,
relatives, or friends have a strong driving effect on farmers’ adoption of new varieties
or technologies [38–40]. As a consequence, the herd effect may occur in the adoption of
the RCS. Our first goal is to examine the relationship between the prior adopters and the
likelihood that farmers will follow the adoption behavior of their predecessors and ignore
their private information.

2.2. The Impact of Information Acquisition Ability on Farmers’ Herd Behavior

As decision-making subjects, farmers’ decisions are non-independent and are individ-
ual behavioral judgments based on available information [41,42]. The existing literature
shows that the prohibitive cost of acquiring information will promote an individual’s
imitation of other people’s behaviors [37], while the transparency of public information
can reduce individuals’ herding behavior [43]. At the same time, the acquisition of ef-
fective information has a significant impact on farmers’ adoption of circular agriculture
technologies [44,45]. Therefore, we should consider the impact of information access on
farmers’ RCS adoption behavior. Individual farmers make their decision to choose one or
more information sources depending on a variety of reasons, such as source accessibility
and quality [46,47]. This provides them with different information and knowledge to feed
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their requirements [48–50]. Studies have shown that both quantity (number of informa-
tion sources) and quality of information influence the adoption of new technologies and
sustainable agricultural practices [51–53].

As mentioned in the informational cascades theory, the higher the accuracy of the
farmers’ own information, the lower the likelihood of herd behavior arising [23]. Therefore,
the breadth and depth of the acquisition of private information can effectively inhibit
farmers’ herd behavior. A stronger ability to acquire information can make farmers more
confident in making correct predictions in agricultural model adoption decisions [52],
allowing them to rely more on themselves to make choices rather than blindly following
others’ behavior. Conversely, when farmers are unable to accurately grasp the information
related to the RCS, they are more likely to be influenced by the other farmers’ behavior and
give up their initial decision-making information. Thus, the second objective of this paper
is to explore the impact of information acquisition ability on farmers’ herding behavior.

2.3. The Economic Rationality of Farmers’ Herd Behavior

In the information cascade model, individuals modify their subjective judgment—by
observing previous actors—and choose appropriate actions, which is a learning process
following Bayes’ rule [27]. In this context, individuals’ herd behavior is rational, but
individual rationality may lead to collective irrationality [28]. Indeed, the herding behavior
of investors in the financial sector has been shown to cause undesirable market outcomes,
such as excessive market volatility and market destabilization [54,55]. The rationality or
irrationality of the herd behavior of farmers in RCS adoption has not been explored in
previous literature. Farmers imitate others’ adoption of RCS while ignoring their personal
information, which may lead to there being too many RCS adopters in the same area,
resulting in a rapid increase in crayfish production and a decrease in crayfish selling prices.
In addition, if farmers cultivate crayfish in rice fields without understanding the RCS,
their lack of cultivating knowledge and experience may lead to low production or high
cost of crayfish. Farmers’ herd behaviors in the adoption of RCS may not bring them
the expected high returns. In our opinion, if the herd behavior of farmers is irrational, it
means that they only mechanically imitate others in adopting RCS and do not master the
technical specifications and production factors allocation of the RCS. If this is the case, there
should be a significant difference in their farming revenue compared to that of farmers
who independently made the decision to adopt the RCS. Conversely, if the herd behavior
of farmers is economically rational, then the difference between the two groups of farmers
should not be significant. Therefore, the third objective of this paper is to test the economic
rationality of farmers’ herd behavior in RCS adoption.

3. Materials and Methods
3.1. Data and Sources

The data for this study were obtained from a field survey on the development of the
RCS conducted by a group from Huazhong Agricultural University in July 2019. In China,
the RCS is currently being vigorously promoted and developed mainly in the plains of
the middle and lower reaches of the Yangtze River [56]. Therefore, Hubei and Jiangsu
provinces were selected as the survey areas for this study. The area of RCS in the Hubei
province ranks first in China, which is above 300,000 ha. In the Jiangsu province, the area of
rice–crayfish coculture has reached more than 100,000 ha, and the crayfish industry chain is
more developed. Thus, it is relatively easy for farmers in these areas to understand and
accept the RCS. This study selected four counties (cities) in the Hubei province and two
counties (cities) in the Jiangsu province for the research. Huangmei County, Jianli County,
Zhongxiang City and Qianjiang City (in the Hubei province) and Xuyi County and Xinghua
City (in the Jiangsu province) were selected as the research areas. Stratified sampling
was conducted in these 6 counties based on the following sampling procedure. Firstly,
according to the proportion of area under RCS to total cultivated area, three townships,
with a proportion of over 60%, from 30% to 60%, and less than 30%, respectively, were



Agriculture 2023, 13, 1892 5 of 15

selected in every county. Secondly, among the selected 18 townships, 3 sample villages
were selected according to the aforementioned selection criteria, totaling 54 sample villages.
Thirdly, 12 farmers were randomly selected in each village and interviewed one-on-one,
with the farmers answering the questions and the investigators recording their answers.
Ultimately, A total of 631 pieces of sample data were obtained for this study. In this study,
603 valid questionnaires were retained by excluding questionnaires with inconsistent and
incomplete answers.

3.2. Econometric Model and Variables
3.2.1. Econometric Model

Given that implicit herding behavior is difficult to observe and identify in the real
world, this paper focuses on farmers’ explicit herding behavior, i.e., farmers ignore their
own information and follow other farmers to adopt the RCS. The identification of herd
behavior in farmers’ adoption of the RCS is shown in Figure 1.
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First, we asked the interviewed farmers, “Do you find that there are many farmers
around you that have adopted the RCS?” If the answer is “yes”, it means that they have been
psychologically influenced by the adoption decisions of others (due to the fact that this item
on the questionnaire had been designed to fit a 5-point scale, this paper further processed
the data. Specifically, if the answer from farmers is “relatively many” or “numerous”, the
value assigned here is yes; otherwise, the value assigned is no.). Next, we asked farmers,
“Do you know about the RCS?”; if the answer was “No”, it meant that the farmers’ own
information indicated that they should not or were not suitable to adopt the RCS. Finally,
farmers were asked whether they had adopted the RCS, and if they had done so, we gauged
that they had shown dominant herd behavior.

This study constructed an econometric model to examine the impact of prior adopters
on farmers’ understanding and adoption of RCS. The explanatory variables were two
dichotomous variables (1 if yes, 0 if no): “whether farmers know about the RCS” and
“whether farmers adopt the RCS”. The bivariate probit model was chosen as the estimation
model in this paper. The dummy variable for farmers’ understanding of RCS is ya, and
ya = 1 indicates that farmers understand the RCS, while ya = 0 indicates that farmers do
not understand the RCS. The dummy variable for farmers’ adoption behavior is yb, with
the same assignment rule as ya. The latent variables of the understanding and adoption
behavior are ya

∗ and yb
∗, respectively. Their functions are as follows:

ya
∗ = α1x1 + α2x2 + α3x1x2 + ∑n

j=4 αjcontrol + εa

yb
∗ = β1x1 + β2x2 + β3x1x2 + ∑n

j=4 β jcontrol + εb
(1)

In Equation (1), x1 denotes the number of prior adopters. x2 denotes the information
acquisition ability of farmers. x1x2 denotes the interaction term between information acqui-
sition ability and the number of prior adopters, and its coefficient reveals the moderating
effect of information acquisition ability on the decision making of others in influencing the
adoption behavior of farmers. Control denotes the control variables affecting the degree of
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understanding and adoption behavior. α and β are the estimated coefficients correspond-
ing to the two sets of variables. εa and εb are the random perturbation terms in the two
equations, assuming that (εa,εb) conforms to a two-dimensional joint normal distribution,
and ρ denotes the correlation coefficient of the two random perturbation terms.

The observable variables ya and yb are determined by using the following equations:

ya =

{
1 i f ya

∗ > 0
0 i f ya

∗ ≤ 0

yb =

{
1 i f yb

∗ > 0
0 i f yb

∗ ≤ 0

(2)

When ρ 6= 0, maximum likelihood estimation can be used to estimate the probability
of the value of (ya, yb). Our study focuses on the behavior of farmers not understanding the
RCS but adopting it, and the following equation is used to estimate the probability of the
occurrence of such behavior so that we can further analyze its influencing factors.

P01 =(ya = 0, yb = 1)= P(ya
∗ ≤ 0, yb

∗ > 0)

= P(εa ≤ −Xaα, εb > −Xbβ)

=
∫ −Xaα
−∞

∫ Xb β
−∞ ϕ(z1, z2, ρ)dz1dz2

= Φ(−Xaα, Xbβ, ρ)

(3)

In the above equation, Xa and Xb represent two sets of influencing factor variables
of farmers’ understanding of RCS and RCS adoption behavior that have been mentioned
in Equation (1). α and β are the parameters to be estimated for the two sets of variables.
ϕ(·) and Φ(·) are the probability density function and the cumulative distribution function,
respectively. The consistent estimation results of the two sets of parameters can be obtained
by using a maximum likelihood estimation method for the above equation.

3.2.2. Endogeneity Discussion and Instrumental Variable Selection

Due to farmers’ adoption of the RCS, they usually pay selective attention to charac-
teristics similar to their own and are particularly concerned about people who have also
adopted the RCS, thus leading to a reverse causal relationship. Furthermore, certain factors
that simultaneously affect the number of other farmers who have adopted the RCS and
the surveyed farmers’ adoption behavior may be omitted from the model. Therefore, if
the model of this study suffers from endogeneity problems due to bidirectional causality
and omitted variables, it will largely lead to the the causal effect in Equation (1) being
overestimated, leading to a serious estimation bias. For this reason, this paper seeks an
instrumental variable to address the potential endogeneity problem.

In this study, “whether there is an agricultural regional brand for crayfish in the district
where the farmer is located” was selected as the instrumental variable for “the number of
prior adopters”. The option “farmers who do not know about the RCS but have adopted
the RCS”, hereafter referred to as “blind adoption”, was the dependent variable (if ya = 0
and yb = 1, the dependent variable of the model was assigned to be 1, otherwise, it was
assigned to be 0). Then, the IV-probit model was used to test the causality.

The Ministry of Agriculture and Rural Affairs of China guided relevant industry
associations to release China’s Agricultural Brand Catalogue in 2019, which included a
total of 300 representative regional public brands of characteristic agricultural products
across the country. Being chosen as a regional public brand of crayfish demonstrates that
the region has a large-scale crayfish industry, a mature industrial chain, and a good market
response. Therefore, the number of RCS adopters in such regions is likely to be even
larger. This also means that the instrumental variables in this paper can positively affect the
endogenous explanatory variable (the number of prior adopters). In addition, the regional
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public brand list was published after this survey was carried out. So, there is no evidence
that the regional public brand directly affects the decisions of farmers to adopt the RCS,
suggesting that the exogenous requirement of the instrumental variable is also fulfilled.

3.2.3. Variables and Descriptive Statistics

Prior adopters. One of the core explanatory variables in this paper is the number of
prior adopters of the RCS. Since the herd effect arises from the individual’s perception of
the outcome of others’ decisions, this study measures this variable from the perspective of
the subjective perception of the interviewed farmers.

Information acquisition ability. Referring to the study of Abdul [57], we measured the
information acquisition ability of farmers according to their utilization of multiple informa-
tion channels, used the Item Response Theory (IRT) model to estimate the value of infor-
mation acquisition capacity, and constructed a two-parameter IRT model in Logstic form.

ωij =
exp[cj

(
Accessi − dj

)
]

1 + exp[cj
(

Accessi − dj
)
]

(4)

ωij represents the probability that farmer i can obtain information from the jth channel.
Accessi is the parameter for the ability of farmers to obtain information, and the larger its
value, the stronger the information acquisition ability. cj is the discrimination parameter of
the jth channel, and the larger its value, the greater the discrimination of the jth channel
in the differentiated ability to access information. dj is the difficulty parameter of the jth
channel, and the larger its value, the more difficult it is for farmers to obtain information
from the jth channel.

According to the actual situation in the research area, the main channels for farmers
to obtain information on agricultural technology include technicians from agricultural
enterprises, agricultural extension departments, agricultural demonstration bases, coop-
eratives, social networks (relatives, friends, and neighbors), online platforms (mobile
phones and computers), and paper-based information (books and newspapers), a total of
seven channels.

Control variables. We selected control variables from the characteristics of the head of
the household (including age, years of education, village cadre) and family characteristics
(including agricultural acreage, distance between the farthest two plots, participation in
cooperatives, and the proportion of household agricultural income). A total of seven control
variables were introduced into the model. The descriptive statistical results of all variables
are shown in Table 1.

Table 1. Descriptive statistics results for all variables.

Classification of
Variables Variable Description N Mean Std. Dev.

Explained Variables Adoption of the RCS 1 if an adopter, 0 otherwise 603 0.632 0.483

Understanding of the RCS 1 if farmer understands the RCS,
0 otherwise 603 0.491 0.500

explanatory variables
Prior adopters

Number of other farmers who have
adopted the RCS: 1 if almost none, 2 if

relatively few, 3 if average, 4 if relatively
many, 5 if numerous

603 3.708 1.186

Information acquisition
ability Parameters estimated by the IRT model 603 0.000 0.413

Instrumental variable Regional public
brand areas 1 if yes, 0 otherwise 603 0.348 0.477
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Table 1. Cont.

Classification of
Variables Variable Description N Mean Std. Dev.

Control variables

Age Years of age 603 52.657 7.906

Years of Education Years of Education 603 8.172 3.059

Village cadre 1 if yes, 0 otherwise 603 0.123 0.328

Agriculture acreage In hectares 603 5.462 12.486

Land fragmentation The distance between the two farthest
plots (in kilometers) 603 0.840 2.935

Participation in
cooperatives 1 if yes, 0 otherwise 603 0.323 0.468

Proportion of household
agricultural income

Household agricultural income/total
household income 603 0.673 0.340

4. Estimation Results
4.1. Estimated Results of Information Acquisition Ability

We estimated information accessibility by using the two-parameter IRT model. The dis-
crimination and difficulty parameters of the seven information channels (shown in Table 2)
and the potential information accessibility parameters (shown in Table 3) were obtained.

Table 2. Estimation results of the IRT model for information acquisition ability.

Discrimination
Parameter S.E. Difficulty Parameter S.E.

Technicians from agricultural enterprises 0.488 *** 0.14 1.374 *** 0.401
Agricultural extension departments 2.803 *** 0.67 0.091 0.062
Agricultural demonstration bases 0.664 *** 0.212 3.357 *** 0.946

Cooperatives 0.675 *** 0.195 2.891 *** 0.734
Social networks 0.167 0.138 −6.937 5.686

Online platforms 0.145 0.134 7.226 6.64
Paper-based information 0.027 0.218 90.945 723.105

Note: The asterisks *** denote significance at the 1% level.

Table 3. Interval distribution of the parameter of information acquisition ability.

Parameter Range Frequency Percentage

(−∞, −0.5) 263 43.62%
(−0.5, 0) 55 9.12%
(0, 0.5) 27 4.48%
(0.5, 1) 216 35.82%
(1, +∞) 42 6.97%

In terms of discrimination, agricultural technology extension departments, agricultural
enterprise technicians, agricultural demonstration bases and cooperatives have a stronger
discriminatory effect on farmers’ ability to obtain information. This indicates that there is a
great difference in the utilization of these four information channels by farmers and that the
above four channels play an important role in helping farmers acquire agricultural technol-
ogy information. Farmers who can acquire information through these four channels have a
higher level of potential information acquisition ability. The discrimination parameters of
channels such as social networks, online platforms, and paper-based information are small
and do not reach statistical significance, indicating that farmers’ utilization of these three
channels is roughly similar and less critical to farmers’ access to information. This may
be because the agricultural technology information delivered by social networks, online
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platforms, and paper-based means are less relevant and effective, and their contributions
to farmers’ access to information are low.

In terms of difficulty, the difficulty parameters of paper-based information and online
platforms are the largest, indicating that it is most difficult for the sample farmers to obtain
agricultural technology information from these two channels due to their low level of
education and limited Internet usage habits. The difficulty parameters of the three channels,
including agricultural demonstration bases, cooperatives, and enterprise technicians, are
larger and statistically significant, which means that these channels are difficult to access
but have a more important contribution to the information acquisition capacity. The
difficulty of obtaining information from agricultural technology extension departments
and social networks is the lowest, which means that these two channels are more available
for most farmers.

When the estimates of the ability parameters lie in the interval [–3, 3], the bias in
the potential prior distribution setting is negligible [58]. From the results in Table 4, the
valuation interval of the information access capacity parameter of the interviewed farmers
is [−0.848, 1.546], which is in line with the upper and lower limits. The total number of
farmers whose information access ability parameter does not exceed 0 is 318, accounting for
52.74%, indicating that most farmers have a low capacity to access agricultural technology
information. A total of 243 farm households, accounting for 40.3%, have a capacity parame-
ter in the interval (0, 1). In addition, the ability parameters of 6.97% of farmers are greater
than 1, demonstrating that few farmers possess a strong information acquisition ability.

Table 4. Estimation results of bivariate probit model and IV-probit model.

Bivariate Probit IV-Probit

ya yb Pr(ya = 0, yb = 1) Blind Adoption

Coef. Coef. dy/dx dy/dx Coef. Coef.

Prior adopters 0.454 ***
(0.053)

0.796 ***
(0.062)

0.057 ***
(0.019)

0.061 ***
(0.019)

0.991 ***
(0.235)

1.002 ***
(0.247)

Information acquisition
ability

0.699 ***
(0.086)

0.060
(0.091)

−0.178 ***
(0.027)

−0.171 ***
(0.027)

−0.751 ***
(0.111)

−0.659 ***
(0.116)

Prior adopters × Information
acquisition ability

−0.050 *
(0.026)

−0.359 ***
(0.122)

Age −0.024 ***
(0.008)

−0.015 *
(0.008)

0.003
(0.002)

0.003
(0.002)

0.019 *
(0.011)

0.019 *
(0.011)

Years of Education −0.008
(0.020)

−0.061 ***
(0.021)

−0.012 *
(0.006)

−0.013 **
(0.006)

0.012
(0.025)

0.002
(0.025)

Village cadre 0.130
(0.185)

−0.421 **
(0.194)

−0.132 **
(0.056)

−0.122 **
(0.056)

−0.051
(0.265)

−0.020
(0.273)

Agriculture acreage 0.001
(0.000)

0.001
(0.000)

0.000
(0.000)

0.000
(0.000)

0.000
(0.000)

0.000
(0.000)

Land fragmentation 0.002
(0.021)

−0.020
(0.038)

−0.005
(0.009)

−0.003
(0.009)

−0.006
(0.038)

0.001
(0.038)

Participation in cooperatives 0.406 ***
(0.130)

0.347 **
(0.143)

−0.032
(0.041)

−0.038
(0.041)

−0.240
(0.165)

−0.250
(0.168)

Proportion of household
agricultural income

−0.693 ***
(0.173)

−0.138
(0.182)

0.158 ***
(0.054)

0.161 ***
(0.053)

0.264
(0.215)

0.302
(0.220)

Constant term −0.138
(0.552)

−1.279 **
(0.587)

−5.845 ***
(1.407)

−5.840 ***
(1.450)

Wald chi-squared value 297.9 *** 70.43 ***
Likelihood-ratio test of

rho = 0 47.505 ***

Wald test of exogeneity 10.84 *** 11.22 ***

Note: The asterisks ***, **, and * denote significance at 1%, 5%, and 10% levels, respectively. Figures in parentheses
are standard errors.
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4.2. Herd Effect, Information Acquisition Ability and the Adoption of RCS by Farmers

The results of the likelihood–ratio test showed that the random perturbation term
between the two equations was significantly correlated at the 1% level, demonstrating the
need to estimate the two dependent variables using the bivariate probit model. The results
of the estimation are shown in Table 2.

The number of prior adopters has a significant positive effect on farmers’ RCS un-
derstanding and adoption behavior. The more prior adopters in the farmers’ information
network, the higher the farmers’ degree of understanding of the RCS and the higher the
probability of the farmers’ RCS adoption behavior. Information acquisition ability has a
significantly positive effect on farmers’ understanding of the RCS, but its effect on RCS
adoption behavior is not significant. This suggests that information acquisition ability
mainly affects the quality of farmers’ own information but does not directly affect their
decision-making outcomes.

We estimated the marginal effects of the probability, Pr(ya = 0, yb = 1), to analyze
the factors influencing the adoption behavior under the condition that farmers do not
understand the RCS and the results are displayed in Column 3 of Table 4. The coefficient of
the number of prior adopters is significantly positive, and the probability of a farmer’s blind
adoption behavior increases by 5.7% for each unit increase in the number of prior adopters.
This indicates that the probability that farmers ignore their own information and adopt the
RCS increases with the number of prior adopters in their network, which strongly confirms
the existence of a herding effect in the adoption of the RCS by farmers. The coefficient
of information acquisition ability is significantly negative, and the probability of blind
adoption behavior decreases by 17.8% for each unit increase in information acquisition
ability. A possible reason for this is that high information accessibility means that farmers
can actively use various channels and tools to obtain effective information, improve the
accuracy of their personal information, and thus avoid blindly adopting the RCS.

Next, the paper examines the moderating effect of information acquisition ability
on the relationship between the number of prior adopters and farmers’ blind adoption
behavior, with the aim of analyzing whether information acquisition ability can reduce
farmers’ herd behavior. Column 4 introduces the interaction term of information acquisition
ability × prior adopters into a bivariate probit model to estimate its marginal effect on
Pr(ya = 0, yb = 1). The coefficient of the interaction term is significantly negative at the
5% statistical level. This suggests that information acquisition ability weakens the role of
others’ adoption decisions in driving farmers’ blind adoption, i.e., it inhibits farmers’ herd
behavior. This is because farmers with great information acquisition ability have more
adequate and accurate external information and will rely more on their own analysis and
judgment to make adoption decisions. Such behavior reduces farmers’ uncertainty about
their autonomous decision making and inhibits their herding behavior.

To avoid estimation biases due to endogeneity problems, this paper also uses a two-
stage IV-probit for model estimation, and the second-stage results are shown in Columns
5 and 6. The Wald test rejects the null hypothesis at the 1% significance level, suggesting
that there is an endogeneity problem with the explanatory variables and that instrumental
variables need to be introduced. Both the weak instrumental variable test and the non-
identifiable test of the equation strongly reject the null hypothesis, confirming that the
instrumental variables are strongly correlated with the explanatory variables and that the
equations are just-identified.

After controlling for the endogeneity problem, prior adopters still significantly and
positively influenced farmers’ blind adoption, suggesting that there is a herding effect
in the process of farmers’ RCS adoption. Hypothesis 1 of this paper was tested. After
introducing the interaction term of prior adopters × information acquisition ability, the
estimated coefficient is significantly negative at the 1% level. The results indicate that
information acquisition ability can weaken the driving effect of others’ adoption decisions
on farmers’ blind adoption, which verifies that information acquisition ability can reduce
farmers’ herd behavior. Therefore, hypothesis 2 of this paper is confirmed.
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4.3. The Economic Rationality of Herd Behavior

According to the identification steps in Figure 1, this study can determine the sample
farmers who have shown dominant herd behavior. Specifically, when a farmer believes
that there are many prior adopters, they adopt the RCS despite not understanding it, then
displaying herd behavior. The statistical results show that 381 farmers surveyed in this
study adopted the RCS. Among them, 118 showed herd behavior in adopting the RCS,
which accounted for 19.6% of all the samples and 31% of the farmers that adopted the RCS.
We conducted an independent samples t-test to identify significant differences between
herding and non-herding adopters in the three indicators of satisfaction with income from
farming, gross income per hectare, and net income per hectare. The results are shown in
Table 5.

Table 5. Grouping analysis of the RCS adopters by herding behavior.

Herding Adopters Non-Herding Adopters Mean
Difference Std. Err. P

Mean Std. Err. Mean Std. Err.

Satisfaction with income
from farming 3.322 0.087 3.586 0.046 0.264 *** 0.090 0.002

Gross income per hectare (CNY) 55,703.595 3207.825 58,855.05 2247.015 3151.44 3983.925 0.214
Net income per hectare (CNY) 25,781.625 2028.75 29,846.37 1666.845 4064.76 2835.87 0.076

N 118 263

Note: The asterisks *** denote significance at the 1% level.

Satisfaction with farming income is significantly lower for the herding adopters than
for the non-herding adopters, with a difference in means of 0.264. Although the two groups
of adopters do not show a significant difference in the mean of total income per hectare,
there is a significant difference in the mean of net income per hectare at the 10% significance
level. The mean net income per hectare of the herding adopters is lower than that of
non-herding adopters by 4064.76 CNY. Rapidly rising consumer demand for crayfish in
China has resulted in higher income from crayfish sales for all farmers engaged in rice–
crayfish coculture, but the lack of knowledge and management capability of the herding
adopters has resulted in less effective cost control and factor allocation, leading to lower
net income per hectare and income satisfaction. These significant differences suggest that
herd behavior in the adoption of RCS by farmers is not economically rational.

5. Discussion

The herd effect frequently arises in people’s decision-making behaviors ([59–62]);
however, the herd behavior of farmers in the adoption of circular farming models has
not been sufficiently studied. The findings of this study confirm that farmers’ blind
adoption behavior of RCS is boosted by the number of prior adopters, although information
acquisition ability can reduce the probability of farmers’ herd behavior.

The first question explored in this study is whether there is a herd effect in the adoption
of the RCS by farmers. Based on information cascade theory, we elaborated a procedure to
identify the herd behavior of farmers based on their belief that there are many prior adopters
and their adoption of the RCS despite not understanding it. Therefore, a bivariate probit
model with RCS knowledge and amount of adoption behavior as dependent variables
was constructed to test the effect of the number of prior adopters on them. The results
showed that the number of prior adopters has a significant positive effect on both RCS
understanding and the adoption behavior of farmers. The findings match those observed
in earlier studies about farmers’ adoption of the circular agriculture model ([4,13,20]).
Contrary to earlier findings, however, our estimation of the marginal effects of the joint
probability Pr(ya = 0, yb = 1) found that prior adopters also drive the blind adoption behavior
of farmers. This finding validates the information cascade theory and supplements it with
a measure of an individual’s neglect of their own information.
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Another important question explored in this study is whether information acquisition
capability can reduce the herd behavior of farmers. We use the IRT model to measure
farmers’ information acquisition ability based on their utilization of seven information
channels and then introduce this variable into a bivariate probit model to estimate its
parameters. The results found that information access ability can effectively reduce farmers’
blind adoption behavior and weaken the role of prior adopters in driving farmers’ blind
adoption. The positive role of information acquisition capability in agricultural technology
diffusion has been confirmed by existing studies about the effect of information acquisition
capability on farmers’ acceptance of new ideas and technologies [45,53]. Surprisingly, the
findings of this study suggest that information acquisition ability also restrains farmers
from blindly following the herd in the adoption of circular farming models. These findings
suggest that policymakers should pay attention to the improvement of farmers’ information
acquisition ability.

In addition, to confirm the economic outcomes of farmers’ herd behavior in RCS
adoption, this paper examined whether there is a significant difference in farming income
between herding and non-herding adopters through an independent samples t-test. The
results showed that both satisfaction with farming income and net income per hectare of
RCS adopters with herding behavior were significantly lower than those of RCS adopters
without herding. This finding suggests that the herd behavior in the adoption of RCS
is economically irrational, which prevents the RCS from guaranteeing high-efficiency
yields and sustainable agricultural development. Therefore, the agricultural sector should
strengthen the regulation of the rice–crayfish industry and control the blind expansion of
RCS through strict measures.

6. Conclusions

The RCS is a circular agricultural model that can achieve resource reuse and chemical
fertilizer and pesticide reduction, which can also bring higher income to farmers compared
to planting rice alone. However, in the promotion process of the RCS in China, there has
been a phenomenon of blindly following the trend, leading to the poor management of
many rice fields, which is not conducive to the stability of grain yield and the sustainable
development of the RCS.

This paper analyses the formation mechanism and influencing factors of farmers’ herd
behavior under the framework of information cascade theory. Using micro-survey data
from 603 farmers, this paper examines the existence of the herd effect in the adoption
of RCS by farmers and the inhibitory effect of information acquisition capability on herd
behavior based on a bivariate probit model. To address possible endogeneity issues, we also
conducted a robustness test using the IV-probit model. Furthermore, this study tests for
between-group differences in agricultural income between farmers with herding adoption
and non-herding adoption.

The main findings of this study are as follows. First, the larger the number of prior
adopters, the higher the probability of blind adoption behavior by farmers, indicating the
existence of the herd effect in the adoption of RCS by farmers. Second, the improvement
of farmers’ information acquisition ability can significantly inhibit the herd behavior of
farmers in the adoption of RCS, and the stronger the information acquisition ability, the
lower the likelihood of farmers’ herd behavior. Third, herding adopters displayed signifi-
cantly lower satisfaction with farming income and net income per hectare than non-herding
adopters, suggesting that such herd behavior, which ignores the farmers’ own information,
is not economically rational.

When farmers adopt the RCS, they are prone to show herd behavior, which needs to be
regulated and guided. The government should formulate strict regional planning for RCS,
clearly delineate basic farmland protection areas, and supervise the proportion of trenches
dug in rice paddies in line with requirements. Given the inhibitory effect of information
ability on farmers’ herding behavior, attention should be paid to improving farmers’ infor-
mation acquisition ability. The channels for obtaining information need to be expanded.
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Combining the traditional technology promotion channels such as agricultural extension
services, agribusinesses and farmers’ cooperatives with newly developing channels such as
web-based information platforms and technical guide manuals will be favorable.

Two limitations to our study should be addressed in future research. First, herd
behavior in farmers’ adoption of a circular agriculture model is a complex process, and this
paper has only explored it from the perspective of information acquisition ability. Economic
factors, social networks, and other factors could be analyzed in further research. Second,
the conclusions of this study are based on cross-sectional data from Hubei and Jiangsu
provinces in China, but it remains to be determined whether consistent conclusions can be
drawn in other regions and countries.
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