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Abstract: “Industry prosperity”, as a key content of the Rural Revitalization Strategy, is an effective
way to increase farmers’ income, agricultural development and rural prosperity. Cooperatives have
the functions of serving, assisting and enriching the people and are an important organizational
carrier for achieving rural industry prosperity. This paper uses the propensity score-matching model
and the field survey data of Dajiuhu Town, Shennongjia, Hubei Province to study the effect of farmers’
participation in cooperatives on their net income by means of quantitative analysis. The empirical
results show that (1) farmers’ participation in cooperatives can improve their net income level; (2) the
education level of farmers has a significant effect on their participation in cooperatives; (3) house-
hold factors, production and management characteristics and external environment also have an
important effect on farmers’ participation. Based on the above conclusions, this research proposes
the encouragement of farmers to actively participate in cooperatives, improve their education level,
vigorously improve rural infrastructure and enhance farmers’ self-development efficiency to promote
the continuous increase of farmers’ incomes, and give rise to the positive role of cooperatives in rural
development, in order to realize the revitalization and sustainable development of rural areas.

Keywords: cooperatives; farmers’ income; propensity score matching; industrial prosperity; rural
revitalization

1. Introduction

As an intermediate economy that connects the macro economy and the micro economy,
industry is not only an important engine for promoting national or regional economic
growth, but also an important means for driving employment and increasing residents’
income. As a gathering place of advantageous resources, cities are extremely attractive to
industrial development, while rural areas are in a weak position for industrial participation
due to factors such as geographic location and resource endowments. As the world’s eco-
nomic development links deepen and the breadth of openness increases, the development
gap between urban and rural areas has gradually increased. Rural areas mainly comprise
primary industry, and the ability of farmers to resist risks is weak. With the increased
intensity of environmental shocks, changes in natural factors such as climate pose a severe
threat to agricultural livelihoods. Rural areas are extensive and the population is large [1].
How to improve its ability to increase income, improve the diversification of sustainable
livelihoods and realize the improvement of the sustainability of farmers’ own development
capacity is important for social stability and sustainable rural construction [2].

In 2017, the Chinese government proposed the implementation of the Rural Revitaliza-
tion Strategy, and cooperatives are valued by the government for their functions of serving,
helping and enriching the people. Cooperatives have been repeatedly mentioned in the
No.1 central document in recent years. From cultivating and developing cooperatives in
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2018, to focusing on the new agricultural operating entities of farmers’ cooperatives in 2019,
and improving the interest connection mechanism of “farmers + cooperatives”, to focusing
on cultivating farmers’ cooperatives in 2020, and cultivating agricultural industrializa-
tion consortium and encouraging the development of various forms of moderately scaled
operations in 2021, and promoting the quality improvement of farmers’ cooperatives.

Cooperatives have played a prominent role in poverty reduction and development
in China’s rural areas. As China’s poverty alleviation task is fully completed and the
Rural Revitalization Strategy is fully launched, methods by which poverty-stricken areas
can further stabilize their sources of income and promote the continuous improvement
of their income capacities is worthy of consideration. In addition, there are still many
poor areas around the world, and removing poverty and achieving sustainable livelihoods
are the primary problems for poor areas. Considering that industrial poverty alleviation
has played an important role in the process of poverty alleviation in Shennongjia, we
decided that through in-depth research, using this area as an example, the effectiveness
of cooperatives at increasing farmers’ incomes was clarified, and successful experiences
and effective measures are summarized, which not only have an important impact on the
realization of income sustainability and rural prosperity in this region but also provide a
certain reference for regions in similar situations around the world.

Therefore, this study uses the PSM model to examine the difference between partici-
pating and nonparticipating cooperatives on the income of farmers and to explore ways to
achieve sustainable income growth for farmers. The reason for adopting this method is
that if we directly compare the differences between those participating in cooperatives and
those who do not, it is easy to produce systematic deviation. Therefore, under a counter-
factual framework, a random simulation experiment is created using the PSM matching
resampling method to find a group of farmers who do not participate in cooperatives
with similar characteristics to farmers participating in cooperatives, solving the effect of
sample biased estimation, in order to observe the impact of participating in cooperatives
on farmers’ income. In addition, the prosperity of rural industry is an important content of
rural revitalization. The existing research on rural industry is mostly carried out from the
development of rural leisure industry, e-commerce and other market value and economic
and financial aspects. The development of these types of industries requires high re-source
endowment conditions in rural areas. However, rural areas are vast, the development base
varies greatly in different places, and they do not have complete universality. Therefore, in
view of the characteristics of rural heterogeneity, by studying the industrial development
organization of cooperatives, considering its role in the development of rural industries and
exploring ways to realize the prosperity of rural industries and increase farmers’ incomes,
we wish to look at this from the perspective of sociology.

2. Literature Review

A cooperative is a special form of economic organization spontaneously formed
under the condition of market economic systems [3]. It organizes individual farmers into
action groups to overcome production and market restrictions and solves the shortcomings
of small farmers’ fragmentation and dispersion. It is an ideal organizational form for
agricultural producers [4,5]. In the cooperative practice of farmers, democracy, solidarity,
and autonomy are the three main cooperative values [6]. As an institutional arrangement,
the establishment of cooperatives comes from the pursuit of potential profits [7].Through
organizational innovation, scattered small farmers are organized to form a relatively close
connection, realize self-management and self-service, gain the advantages of economies
of scale and resource agglomeration, help farmers solve problems that they cannot solve
alone, improve their organization level and promote the connection between small farmers
and the big market [8–10]. As its core, it is the formation of collective strength through
the unity of vulnerable groups, changing the vulnerable status of farmers into mutual
assistance. By leveraging the framework of the cooperative system, integrating the power
of dispersed farmers enhances their ability to resist risks, reduces the internal and external
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costs of production, increases employment and income levels, and improves the economic
division of labor and specialization of farmers, thereby improving the economic and social
aspects of members statues so that they can obtain better development opportunities and
achieve fairness [11,12].

Through combing the relevant studies on farmers’ cooperatives around the world,
it can be seen that there is basically a consensus on the role of cooperatives in improving
members’ income [13]. The functions of farmers’ cooperatives mainly focus on providing
socialized services, as well as economic growth, quality safety, etc., among which the
economic functions are mainly reflected in the existence of scale advantages and promoting
farmers’ income [14]. It also involves improving the technical efficiency of farmers [15].
With the goal of improving production, marketing and livelihoods, cooperatives are a way
to reduce high transaction costs as well as serving multiple purposes, such as increasing
member income and improving productivity and product quality [16,17]. Cooperatives
effectively improve the technical efficiency of members by providing support to farmers,
and then promote the productivity and commercialization of small farmers [18]. Different
scholars have different research conclusions on the benefits to farmers of different sizes.
Some believe that small-scale farmers can benefit more [19,20], while others think that the
larger can [21]. Aiming at how to realize the sustainable development of cooperatives,
Boone believes that cooperatives have the disadvantage of expensive coordination costs
and that increasing the participation rate of members will curb coordination costs and help
maintain the durability of the cooperative [22]. Meador believes that the key element of
building a sustainable development cooperative is the ability of the cooperative manager.
The person in charge should have the ability to pay attention to the overall interests of the
members and formulate business strategies in line with the social environment so as to
ensure that the cooperative can achieve the dual purpose of adapting to the market and mo-
tivating members [23]. Chinese scholars have conducted in-depth research on cooperatives
from different angles. From the perspective of internal governance mechanisms, through
an empirical analysis of survey data from Nanjing, Suzhou, and Lianyungang, it was found
that increasing education for members can improve the competitiveness of cooperatives
and promote the continuous increase of farmers’ income [24]. Affected by factors such as
factor endowment and resource differences, farmers have experienced multidimensional
differentiation, and cooperatives can narrow the differentiation gap between farmers and
promote the realization of rural revitalization [25]. From the perspective of participation
mode, with the help of the multi-value processing effect model, the collected micro-survey
data of cooperative members in Sichuan Province was analyzed, and it was found that
when members change from passive participation to loose participation and close partici-
pation, their income can be significantly increased [26]. In terms of performance, based
on an analysis of the data of 561 farmers in 16 provinces through the two-stage method, it
was found that participating in cooperatives has a significant effect in income increase [27].
From the empirical point of view, analyzing the panel data of 644 grain family farms, it was
found that participating in cooperatives can significantly increase the average net income
of family farms [28]. According to the micro-survey data of Yunnan Province for empirical
analysis, joining cooperatives can not only promote the farmers’ income growth but also
benefit their family development, and the income increasing function of cooperatives is
more prominent for low-income farmers [29].

In addition, some scholars have conducted research on the poverty reduction effect of
cooperatives. Cooperatives can connect the poor with the rich, integrate social resources
in poor areas, effectively guide poor groups into society and create income-increasing
opportunities for the poor. Moreover, in the face of many challenges, such as economic
globalization, expanding the organizational network of cooperatives will help more poor
farmers benefit [30–32]. Chikwendu found that poor women in Nigeria increased their
access to healthcare, economic opportunities, and decision-making power by participating
in cooperatives [33]; Basu compared the effect of farmers’ cooperatives on two villages in
India on farmers’ poverty alleviation, and found that dairy cooperatives played a stronger
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role in promoting farmers’ poverty alleviation [34]; Verhofstadt and Maertens analyzed the
income of 154 participating cooperatives and 235 non-cooperative farmers in the Muhanga
region of Rwanda and found that cooperatives effectively increased the income of farmers
and reduced rural poverty [35]. Chinese scholar Liu Junwen took Shandong and Guizhou
provinces as examples to study the effect of professional farmer cooperatives on the income
and stability of poor farmers, and found that it had a significant income-promoting effect
on poor and low-income farmers, but it was more helpful to poor households [36].

3. Research Method

In this paper, we adopted the propensity score matching (PSM) model to investigate
whether participating in cooperatives has an effect on farmers’ net income by considering
the heterogeneity of farmers between participating and non-participating cooperatives.
The reason for adopting the PSM method is that if you directly compare the difference in
net income of farmers who do or do not participate in a cooperative, it is easy to produce
systematic deviations. Because whether to participate in the cooperative is a self-choice
made by farmers based on their own actual situation, in reality, there are some factors
that affect farmers’ decision making whether to participate in the cooperative, such as
farmers’ education level, the amount of family labor, agricultural land area and other
individual heterogeneous factors. The basic conditions for whether farmers participate
in cooperatives differ, and there is a problem of sample self-selection. If the existence of
this problem is ignored and the regression estimation is carried out directly, the results are
biased. Therefore, under a counterfactual framework, a random simulation experiment
is created using the PSM matching resampling method to find a group of farmers who
do not participate in cooperatives with similar characteristics to farmers participating in
cooperatives, to solve the effect of sample biased estimation, and to observe the effect of
participating in cooperatives on farmers’ net income.

The process of propensity value analysis can be divided into three steps. The first step
is to use the Logit model to estimate the fitted value of the conditional probability of each
farmer participating in the cooperative, that is, the propensity score value.

P(xi) = Pr[T = 1 |X i] =
exp(βxi)

1 + exp(βxi)
(1)

In Equation (1), T represents the processing variable. When T = 1, it indicates that farm-
ers participate in cooperatives. When the value is equal to 0, it indicates that farmers do not
participate in cooperatives, Xi representing the covariates that affect farmers’ participation
in cooperatives, such as age, education level, etc. The propensity score can be obtained
using Formula (1) so as to obtain the probability of farmers participating in cooperatives.

The second step is to match samples with the same or similar propensity values from
the experimental group and the control group into pairs. The propensity value is simplified
into a one-dimensional value through multi-dimensional covariates, but if one-to-one
matching is strictly used, it may not find a match. Moreover, due to the different weights
and matching values of different matching methods, in order to ensure the robustness
of matching results, this paper also adopts five other matching methods on the basis of
one-to-one matching, including nearest neighbor matching (k = 4), caliper (k = 4), radius
matching, kernel matching, and local linear regression matching.

The third step is to conduct a matching analysis, that is, to estimate the average
treatment effect (ATT) to obtain the effect of participating in cooperatives on the net income
of farmers.

ATT = E
[
Yi

1 −Yi
0

]
= E

[
Yi

1 −Yi
0

∣∣∣T = 1
]
= E

[
Yi

1

∣∣∣T = 1
]
− E [Yi

0

∣∣∣T = 0] (2)

Yi
1 represents the income effect of farmers’ participation in cooperatives, Yi

0 repre-
sents the income effect of farmers’ nonparticipation in cooperatives. E [Yi

1

∣∣T = 1] is the
observable part in reality, that is, the expectation of farmers’ net income from participating
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in cooperatives, while E [Yi
0

∣∣T = 1] is an unobservable situation, which represents the
expectation of farmers’ net income from not participating in cooperatives on the basis of
being counterfactual. By using the PSM method, a group of farmers who do not participate
in cooperatives with similar characteristics to farmers participating in cooperatives is ob-
tained, and E [Yi

0

∣∣T = 1] is estimated by observing their income. The difference between
the two results is the effect of participating in cooperatives on farmers’ net income.

The application of the propensity score-matching method also needs to meet two
assumptions: (1) negligibility and (2) mean negligibility.

Assuming that the meaning of (1) is given to xi, the influence of (y0i, y1i) on Ti can
be ignored, that is, the distribution of processing group and control group is exactly the
same; thus,

F (y0i, y1i|xi, Ti = 1) = F (y0i, y1i|xi, Ti = 0) (3)

Suppose (2) that given xi, the mean values of y0i and y1i are independent of Ti; that is
E (y0i|xi, Ti) = E (y0i|xi) and E (y1i|xi, Ti) = E (y1i|xi) .

4. Data and Descriptive Analysis
4.1. Data Source and Variable Definition

The empirical data of this paper was mainly obtained through a field survey in the
Shennongjia area of Hubei Province from July to September 2020. The survey participants
were farmers in Dajiuhu town in Shennongjia. The data were gathered by means of a
household questionnaire survey. A total of 1244 valid questionnaires were finally obtained
after sorting and statistics. The questionnaire involved four levels of information. The
first is the basic information of the individual farmers, such as gender, age and education
level; second, the characteristics of farmers’ families, including the number of family
members, the number of family members in school, the number of labor force, housing
area and energy type; third, the production and operation status of farmers, including the
number of migrant workers, working time, agricultural land area and whether they have
production power; fourth, the external environment, including whether they have network
and the distance from the village trunk road. The questionnaire contains the question of
“whether to participate in the cooperative” and provides the information of farmers’ annual
household income and annual expenditure, so it is very suitable for the problem to be
investigated in this paper. The definition and description of variables are shown in Table 1.

1. Result variable. In order to ensure the reliability of the data, this paper mainly uses
the net income of farmers as the measurement index. Because the selected area is in
the Chinese region, in order to facilitate comparison with similar studies in the world,
the RMB income is converted into US dollars according to the exchange rate standard
and then the logarithm is taken. The net income of farmers is a continuous variable,
and the unit is dollar per person per year.

2. Dependent variables. The dependent variable is whether the farmers participate in
the cooperative. If they participate in the cooperative, it is assigned 1; otherwise, it is
assigned 0.

3. Control variables. This paper selects the individual characteristics, family character-
istics, production and management characteristics and external environment of the
interviewed farmers as the control variables. Specific variables and descriptions are
shown in Table 1.

First, the individual characteristic information of farmers includes gender, age and
culture. Second, the information on the characteristics of farmers’ families mainly include
the number of family members, number of laborers, as well as number of students in
school, housing area and whether they use clean energy. The third is the production and
operation characteristics of farmers, the number of migrant workers, the working time,
the area of agricultural land and whether they have production power. The fourth is the
external environment, including whether they have network and the distance from the
main road of the village.
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Table 1. Variable definitions.

Variable Type Variable Name Description Note

Outcome Variable Net Income Continuity
Variable(dollar) Take Logarithm:LN

Treatment variable Whether to join cooperatives Yes = 1, no = 0

Control variables

Individual
characteristics

Gender Men = 1, women = 0

Age Continuity variable

Education

education1 Primary school = 1,
other = 0

education2 Junior school = 1,
other = 0

education3 Senior school and
above = 1, other = 0

Family
characteristics

Family members Continuity variable Unit:pieces

Number of family members in
school Continuity variable Unit:pieces

Number of laborers Continuity variable Unit:pieces

Housing area Continuity variable Unit:square meters

Energy type Clean energy = 1,
non clean energy = 0

Farmer production
and operation
characteristics

Number of migrant workers Continuity variable Unit:piece

Working time Continuity variable Unit:month

Agricultural land management area Continuity variable

Unit:mu (The sum of
cultivated land area,

effective irrigation area,
forest land area and

returning farmland to
forest area)

Whether have production power yes = 1, no = 0

External
environment

Whether have network yes = 1, no = 0

Distance from village trunk road Continuity variable Unit:kilometre

4.1.1. Individual Characteristics of Farmers

Gender differences make farmers form different views on whether to participate in
cooperatives. Age also has an effect on cognition. Younger farmers generally have a higher
acceptance of new things. Education level will also affect judgment and decision making
because, generally speaking, the higher the education level of farmers, the better their
understanding of the role of cooperatives in increasing income, thus likely having a positive
effect on their participation in cooperatives.

4.1.2. Household Characteristics of Farmers

Farmers’ behavioral decisions are rational. The number of family members and the
number of family students in school directly determine the burden of their families. The
amount of labor force reflects the strength of the family production capacity. The size
of housing area is the performance of family life quality and also reflects the economic
capacity of farmers’ families. The use of clean energy is not only an important part of
ecological civilization construction in the process of rural revitalization but is also the
embodiment of family economic conditions.
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4.1.3. Characteristics of Farmers’ Production and Management

The number of migrant workers and their working hours reflects the external income
of the family while the amount of agricultural land area determines the income of farmers’
agricultural operation. For farmers with less agricultural land, they may be willing to par-
ticipate in the final bonus by participating in cooperatives and contributing labor and other
production factors so as to increase their income. Farmers with larger agricultural land
area tend to carry out large-scale production through cooperatives to reduce production
costs. Cooperatives have the function of helping farmers and can help farmers solve some
problems they cannot solve by themselves. Electricity, as an important power source of
production activities, is widely used in all aspects of rural life. Some farmers may have
no source of production power due to their geographical location and family economic
conditions, and they will tend to seek the help of cooperatives.

4.1.4. External Environment

Cooperatives are new types of agricultural business entities, and many farmers’ under-
standings of cooperatives are still the traditional impression—knowledge of their contem-
porary role in connecting small farmers and modern agricultural development is lacking.
Network is an important tool for rural areas to understand social information and has a
considerable effect on farmers’ behavioral decisions. The village main road is the channel
between the countryside and the outside world. Usually, infrastructure along the main
road is better, and there are more people flowing along the main road, which can also
promote the dissemination of information to a certain extent and can have an effect on
farmers’ participation in cooperatives.

4.2. Descriptive Analysis

After removing the missing values, the statistical results of relevant samples show
that the overall sample of respondents was 1244, of which 611 households participate in
cooperatives, accounting for 49.12%, and 633 households did not participate, accounting
for 50.88%. The ratio between the two was almost 1:1. The overall average net income was
5710 USD, with the participating group being 6003 USD, higher than the average, while the
other group was lower, with a mean of 5486 USD. The descriptive statistical results show
in Table 2.

From the results of the mean, the participating group has higher mean values in gender,
amount of labor force, number of migrant workers, number of family school students,
family members, working time, whether they have a network, housing area, and cultural
variables than those of nonparticipants. The nonparticipating group has higher values in
age, agricultural land management area, whether they have production power, distance
from village trunk road, and whether they use clean energy than the participating group.
The differences in mean results indicates that there are systematic differences in observable
characteristics between the two groups. However, the difference in means does not imply
causality. To show whether the difference between the two is statistically significant, the
t-test is used to test the difference between the two groups.

According to the results of the t-test, at the level of individual characteristics of
the farmers, the mean difference between the age of the participating group and the
nonparticipating group was about four years old. The result of the t-test was significant
but negative. The possible reason is that younger people are more accepting of new things.
Moreover, the Shennongjia area was originally a poverty-stricken area, and older groups
lack the initiative to overcome poverty, while young people more strongly pursue higher
living standards and have a strong need to change the status quo. There were 711 males,
accounting for 57.15% of the sample, and 533 females, accounting for 42.85%, but the test
results were not significant, and the t-values of the three different levels of education were
all significant. Farmers with education levels have higher understanding and cognitive
abilities, and their minds are relatively open. Moreover, their ability to accept new things is
higher, which has a certain effect on the decision making of farmers.
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Table 2. Descriptive statistical results.

Variable
Sample Join Not Join

t-Test
Proportional

Mean SD Mean SD Mean SD Equal = 1 Equal = 0

Age 51.70 17.24 49.64 16.30 53.69 17.88 −4.17 ***

Gender 0.57 0.50 0.58 0.50 0.56 0.50 0.55 711
(57.15%)

533
(42.85%)

Number of laborers 2.60 1.22 2.79 1.26 2.42 1.16 5.44 ***

Number of migrant
workers 1.68 1.06 1.86 0.99 1.52 1.10 5.68 ***

Number of family
members in school 0.80 0.87 0.81 0.87 0.77 0.87 0.67

Family members 4.01 1.80 4.20 1.72 3.82 1.85 3.77 ***

Working
time(months) 4.68 4.95 5.25 5.05 4.13 4.79 4.02 ***

Agricultural land
management area 57.68 102.80 54.12 92.02 61.11 112.19 −1.02

Whether have
production power 0.55 0.50 0.54 0.50 0.56 0.50 −0.62 685

(55.06%)
559

(44.94%)

Whether have
network 0.95 0.23 0.96 0.20 0.92 0.26 2.93 *** 1173

(94.29%)
71

(5.71%)

Distance from village
trunk road 0.55 1.57 0.52 0.91 0.57 2.01 −0.57

Housing area 117.21 32.11 118.43 32.16 116.04 32.04 1.31

Clean energy or not 0.21 0.41 0.00 0.04 0.42 0.50 −21.04 *** 264
(21.22%)

980
(78.78%)

Primary school 0.51 0.50 0.57 0.50 0.46 0.50 3.89 *** 635
(51.05%)

609
(48.95%)

Junior school 0.17 0.38 0.23 0.42 0.12 0.32 5.21 *** 213
(17.12%)

1031
(82.88%)

Senior school and
above 0.10 0.29 0.11 0.31 0.07 0.26 2.46 *** 113

(9.08%)
1131

(90.92%)

Net income 8.65
(5710) 0.52 8.70

(6003) 0.42 8.61
(5486) 0.60 3.37 ***

Observations 1244 611
(49.12%)

633
(50.88%)

(Note: data are present as n (%) *** are significant at the level of 1%, respectively; the net income are present as log form (monetary
value USD)).

In terms family characteristics, the number of households, the number of laborers, and
the use of clean energy were statistically significant. The larger the number of households,
the greater the livelihood expenditure required by the household, the stronger the demand
for income, and they are thus more willing to increase income through a variety of ways,
so the probability of seeking to participate in cooperatives to increase their income is
also greater. The statistical value of the number of laborers reaches 5.44. The number of
laborers indirectly reflects the size of the family. Due to the risk aversion, families with
more laborers will engage in a variety of business activities to improve their income. With
regard to using clean energy as a way of expressing the family’s quality of life, its t-value is
negative. From the perspective of usage, users account for 21.22%, and non-users account
for 78.78%. The possible reason is that the use proportion is low, which has little actual
effect on farmers.
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In terms of the characteristics of farmer production and operation, the results of t-
values of the number of migrant workers and working time were 5.68 and 4.02, respectively,
which are statistically significant. Most migrant workers are young and middle-aged, while
young and old workers stay in the family. Limited by the difference in working abilities
between the young and the old, they are unable to engage in business operations and
have livelihood needs, so they tend to participate in cooperatives through land stocks and
other methods to obtain a certain income. The results of the area of agricultural land and
whether electricity is used for production are not significant. The possible reason is that
some farmers do not have land but participate in cooperatives by contributing labor and
other factors. Regarding the use of production power, 55.06% of them have it and 44.94%
do not. There is little difference between the two, so its actual effect is not significant.

In the external environment, the t-test result of whether having network is connected
is significant, with a t-value of 2.93. As an important channel for obtaining external
information, it can be used to obtain information on relevant national policies in time and
to provide a certain reference for individual decision making. However, the distance to the
main village road is not significant. The possible reason is that the rural households live in
the same areas, the rural areas are not large and the communication methods are mostly
neighborhood communication and the information can be shared to a certain extent, so the
effect is not significant.

5. Empricial Analysis

Using the PSM method, we must first perform a logit regression to select the vari-
able to be matched. However, because the coefficients of logit regression obtained in
PSM are of no practical significance, it is necessary to conduct the marginal processing
effect and then judge the effect based on the marginal effect. The model performs well
according to the percentage of correct predictions, which is 76% (The experimental results
in Tables A1 and A2 in Appendix A). The estimation results obtained for the dependent
variable in the logit model have little substantive meaning and can therefore safely be
omitted, and the significance of the dependent variables does not need to be focused on
because the estimated coefficients of dependent variables are likely to be biased anyway in
practical applications. Instead, the marginal effects of the main variables should be rather
focused on [37,38].

5.1. Match Estimation Result

In order to obtain more accurate and robust estimation results, we calculate the
estimates using six matching methods: one-to-one matching, close neighbor matching,
one-to-four matching in caliper, radius matching, kernel matching and local linear re-
gression matching. The estimation results of propensity score matching are shown in
the Appendix A Table A3. In order to improve the efficiency of matching, the one-to-
four matching method is selected for close neighbor matching. For caliper matching, the
propensity score should be calculated first. The calculated propensity score is 0.07. To
be conservative, a caliper range of 0.05 is selected. Both kernel matching and local linear
regression matching use the default kernel function and bandwidth. The kernel matching
uses the eqan kernel by default; the default bandwidth is 0.06. The local linear regression
matching uses tricubic kernel by default and the default bandwidth is 0.8 [39]. Although
the selection of kernel function and bandwidth parameters will affect the final estimated
processing effect [40], the Smith and Todd study found that the difference between the
function and the bandwidth selection is not big; that is, the processing effect estimated
by the kernel matching method is not sensitive to the choice of the kernel function and
the bandwidth parameter [41]. The standard error after regression does not fully consider
the fact that the propensity score is estimated; therefore, the standard error is obtained by
adopting the Bootstrap method.

Table 3 shows the estimated effect of farmers’ participation in cooperatives on their
net income. In order to improve the robustness of the research results, different matching
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methods are used for estimation. The results obtained by different evaluation methods are
not significantly different, at least significant at the 5% level, and the ATT value ranges from
0.105 to 0.121, among which the nearest neighbor matching, radius matching and kernel
matching are all significant at 1%. The monetary value ranges from 601 USD to 687 USD.
The largest effects (687 USD) are estimated by caliper algorithm, and the lowest effects are
one-to-one matching (601 USD). The results show that participating in cooperatives has a
positive impact on the increase of farmers’ net income.

Table 3. Propensity score matching results.

Match Type Sample Treat Control ATT SE T

One to one matching Unmatched 6033 5464 569 3.35 ***

Matched 6027 5426 601 0.048 2.17 **

Nearest neighbor
matching (k = 4)

Unmatched 6033 5464 569 3.35 ***

Matched 6027 5340 687 0.043 2.82 ***

Caliper (k = 4)
Unmatched 6033 5464 569 3.35 ***

Matched 6027 5340 687 0.043 2.82 ***

Radius matching (0.05)
Unmatched 6033 5464 569 3.35 ***

Matched 6027 5404 623 0.042 2.61 ***

Kernel matching
Unmatched 6033 5464 569 3.35 ***

Matched 6027 5399 628 0.042 2.63 ***

Local linear regression
matching

Unmatched 6033 5464 569 3.35 ***

Matched 6027 5415 612 0.049 2.21 **
(Note: **, *** are significant at the level of, 5% and 1%, respectively).

The above results show that farmers’ participating in cooperatives has a positive role
in improving their net income level. The reason is that farmers enhance their ability to
resist risks and reduce costs by participating in cooperatives. The mutual assistance among
cooperative members improves production efficiency and promotes the increase of income.

5.2. Common Support Hypothesis

Figure 1 is the propensity score kernel density function diagram obtained according to
the estimation results of the logit model. The solid line in the figure indicates the farmers
that participate in cooperatives, and the dotted line indicates that farmers do not participate
in cooperatives. Figure 1a shows the distribution of the propensity score kernel density
function of the treatment group and the control group before matching. It can be found
that the distribution of the treatment group and the control group before matching is quite
different, Figure 1b presents the distribution of kernel density function after matching. It
can be seen that the trend of density function diagram of treat group and control group
after matching is highly similar, indicating that the propensity scores of farmers who do
and do not participate in cooperatives basically overlap, the sample characteristics are
closer, and the matching effect is better. Thus, the common support hypothesis is satisfied.
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5.3. Matching Quality and Sensitivity Analysis

In order to ensure the validity of the estimation results and the quality of the treatment
effect, a balance test is required. We first test for balance of covariates between the treated
and untreated groups before and after matching for each treatment variable. In general,
the results after matching are satisfactory, the difference between the treatment group and
the control group is significantly reduced, the standardization deviation is within 10%, and
the result of the t-test shows that there is no obvious difference between the two groups
(The balance test results are shown in Table A3 in the Appendix A). The reason why the
distance from the village trunk road failed to pass the balance test may be that farmers live
densely. Although some farmers are not close to the village trunk road, they can obtain
relevant information in time from conversations with their neighbors. Therefore, it can be
considered that the variables selected in this paper are effective after matching, and the
matching estimation results are reliable. In order to further ensure the estimation quality
after matching, the matching method used in the paper is also tested for balance to observe
whether there is a systematic difference between the treatment group and the control group
after matching (The match quality test in Table A4). The results of various statistics after
matching are significantly reduced compared with those before matching, the B values are
all reduced to less than 25%, and the R values are all within the interval of [0.5, 2]. The
test result shows that the matching result significantly reduces the difference between the
treatment group and the control group, and it reduces the sample selection bias to the
greatest extent.

Finally, PSM relies on the conditional independence assumption. That is, estimates of
treatment effects based on matching are unbiased if all relevant covariates are included
in the model and no unobservable confounding factors exist, which is a rather restrictive
assumption [42]. Therefore, a common concern of matching models is that they may
fail to account for relevant covariates that are not observable to researchers. Thus, a
sensitivity analysis is necessary. We adopt the Rosenbaum bounds to test the sensitivity.
As shown in Table 4, our result is robust according to the threshold gamma. This means
that the statistical significance of the ATT for net income would be questionable if the odds
ratio of joining cooperatives between enrolled and non-enrolled farmer differed by more
than 1.80 [43].
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Table 4. Sensitivity analysis with Rosenbaum bounds.

Critical p-Value for Gammas

Treatment Variable: Whether to Join Cooperatives

Gamma Sig+ Sig−

1 1.2 × 10–15 1.2 × 10–15

1.1 2.6 × 10–12 0.000
1.2 1.0 × 10–9 0.000
1.3 1.2 × 10–7 0.000
1.4 5.2 × 10–6 0.000
1.5 0.000 0.000
1.6 0.001 0.000
1.7 0.007 0.000
1.8 0.030 0.000

1.85 0.054 0.000
1.9 0.090 0.000

Notes: Gamma, log odds of differential assignment due to unobserved factors; sig+, upper bound significance
level; sig−, lower bound significance level. The boxed numbers indicate the critical level of the strength of the
effect, Gamma for each of the dependent variables.

6. Conclusions and Suggestions
6.1. Conclusions

Cooperatives can help farmers solve the problems of capital shortage, backward
technology and information asymmetry in production, reduce the risk of individual small
farmers facing the market directly, improve farmers’ market negotiation position and
reduce transaction costs (Glove and Goldsmith) [44,45]. An agricultural cooperation system
is an important way for farmers to improve their economic status, and the economic benefits
of cooperation are significant for small-scale farms [46]. For Getnet based on the data
analysis of Ethiopia, it is found that cooperatives play a positive role in supporting people’s
livelihood development and poverty reduction, reducing the instability and vulnerability
of the livelihood of the poor, improving the overall quality and income of poor farmers [47].
The cooperatives are considered to be an important factor in increasing farmers’ income.
Relevant studies have proved that cooperatives are beneficial to poverty, but whether
they can help farmers remove poverty and achieve sustainable income growth is still
inconclusive. Therefore, in the context of China’s poverty alleviation, we consider that
cooperatives have played a prominent role in China’s poverty reduction and Shennongjia
is a typical area. Through in-depth study of the role of cooperatives in increasing farmers’
income, we can supplement the existing research and explore an effective path for farmers
in poor areas to achieve sustainable income growth. We demonstrate the application of
propensity score matching, together with quality and robustness checks, as a means to
address self-selection issues that may confound analysis of income differences attributable
to cooperatives. By comparing farmers who join cooperatives to observationally equivalent
control farmers through PSM, we reduce the impact of selection bias on our estimates of
farmers net income differentials.

Our primary empirical contribution is the validation of qualitative claims that co-
operatives can improve famer’s income. We find that participating in cooperatives can
effectively promote the net income of farmers. The net income of farmers participating
in cooperatives is 601–687 USD more than the income of those not participating. This
finding compares with the finding of Hoken that cooperatives have the effect of income
increasing [48]. In addition, the education level, family members and the distance from the
main road of the village have a significant impact on farmers’ participation in cooperatives.
The reason is that the higher the education level, the more they can realize the advantages
of cooperatives in increasing income. A large number of family laborers can provide more
output and enhance their ability to deal with risks, and the distance from the main road
of the village can affect whether the farmers obtain relevant information in a relatively
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timely manner, which may promote farmers’ awareness of cooperative organizations. This
is consistent with Kumar findings [49].

This study verifies that cooperatives play a significant role in increasing farmers’
income, but some scholars hold different views. For example, Ofori used the survey
data of farmers in two provinces of Cambodia to control the institutional and member
heterogeneity of cooperatives and used the propensity score matching method to study
the impact of commercial vegetable cooperatives on members’ agricultural performance.
The results showed that the agricultural income of members who joined cooperatives did
not increase [50]. Excluding issues such as country and policy response, different research
conclusions also make us think. First, the use of PSM ameliorates but does not eliminate
the challenge of producing reliable treatment effects in instances in which observational
participants self-select into a treatment [43]. While robustness checks give us confidence
in our study results, the potential remains that unobserved heterogeneity linked to the
decision to engage in cooperatives may also be affecting farmers net income. We should
adopt an instrumental variable method to deal with the unobservable bias, but considering
the focus of this study, the difficulty of data acquisition and the time limit, the method
including the combination of PSM and other instrumental variable techniques cannot be
adopted. In the next research, we will focus on solving this problem. Second, this paper
takes Shennongjia as an example, which has strong pertinence, but the universality is
relatively insufficient. In the future research, the research scope will be further expanded
to enhance the universality of the research conclusions, so as to provide more powerful
support for the sustainable increase of farmers’ income.

6.2. Suggestions

First, we should encourage farmers to actively participate in cooperatives. From the
analysis results, the income of farmers participating in cooperatives is higher than that of
nonparticipating farmers. Therefore, it is necessary to actively increase the participation
rate of farmers in order to take advantage of the role of cooperatives in raising farmers’
income. The government department should first increase the publicity of cooperatives to
let more farmers know about cooperatives, let farmers understand the role of cooperatives
in improving income, and reduce misunderstandings. In addition, it is necessary to give
play to the guiding role of policies, provide policy support, so that farmers can reduce their
worries, and then guide farmers to participate in cooperatives to promote the formation of
decentralized management to collective cooperation to improve risk resistance and resource
utilization efficiency. Local grassroots organizations should also actively respond to the
policy, calling on farmers to participate in cooperatives or even establishing cooperatives
on their own according to the actual situation of the region, forming a demonstration effect
and increasing farmers’ enthusiasm for participating in cooperatives.

Second, we should strive to improve the education level of farmers. The level of
education will affect the cognitive level of farmers and thus affect their decision making.
First of all, we should carry out quality education for all farmers and popularize basic
cultural knowledge so that they can establish a certain cultural foundation, know and
understand social development trends, social policies, etc. Additionally, we should carry
out higher-level education for farmers with a certain cultural foundation, so as to act as
the leader of rural development and drive the development of farmers. For rural technical
farmers, such as farmers with rich experience in planting and breeding, technical education
can be carried out to improve their technical and business capabilities and then they can
use their technical advantages in cooperatives to help members solve their problems in the
production process.

Third, we should vigorously improve rural infrastructure. The backwardness of
infrastructure not only affects the convenience of production and life in a region, but
also is not conducive to the inflow of external resources. Through the implementation
of road construction projects and network construction projects, it can be ensured that
farmers can not only communicate with the outside world, but can also obtain timely
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information and interact with the virtual world. Farmers should understand the state
of social development and improve their ideological cognition, thereby improving their
ability to accept new things and reducing the probability of making adverse decisions
due to conservative thinking. In addition, the improvement of infrastructure also has a
positive effect on the production and living conditions of farmers. The entry of external
resources can bring capital, technology and other factors to improve the relatively backward
production conditions in the local area. The improvement of production conditions leads
to the improvement of output efficiency so as to improve the income level of farmers.

Fourth, enhance the self-development efficiency of farmers. The general population of
rural families is relatively large and the burden on young people in the family is heavier,
which affects the performance of their effectiveness. The government should actively solve
the problems of the elderly and children in the family and reduce the pressure on the youth
and middle-aged groups. The government should provide relatively comprehensive social
security and appropriate welfare subsidies for the elderly and certain living allowances for
school students to reduce the cost of family living. At the same time, the implementation
of people’s livelihood construction projects, the transformation of rural dilapidated houses,
and an increase in the clean energy utilization rate will not only benefit the improvement
of local people’s livelihoods but also provide certain jobs or contracts to local cooperatives
and give technical guidance during the implementation process. It not only reduces the
burden on farmers, but also provides a certain channel for them to increase their income,
thereby raising farmers’ life expectations and enhancing their self-development efficiency.
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Appendix A

Table A1. Logit marginal effect.

Average Marginal Treatment Effect Marginal Effect at Sample Mean

dy/dx Std. Err. z p > |z| dy/dx Std. Err. z p > |z|

Age 0.00 0.00 3.45 0.001 ** 0.00 0.00 3.25 0.001 **

Gender −0.06 0.03 −2.12 0.034 ** −0.07 0.04 −2.07 0.038 **

Number of laborers 0.04 0.02 2.39 0.017 ** 0.06 0.03 2.32 0.021 **

Number of migrant
workers −0.07 0.02 −3.63 0.000 *** −0.01 0.03 −3.41 0.001 **

Number of family
members in school −0.03 0.02 −1.30 0.194 −0.04 0.03 −1.29 0.198

Family members −0.02 0.02 −1.03 0.304 −0.02 0.02 −1.02 0.307

Working time(months) 0.00 0.00 1.41 0.159 0.00 0.00 1.40 0.163
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Table A1. Cont.

Average Marginal Treatment Effect Marginal Effect at Sample Mean

dy/dx Std. Err. z p > |z| dy/dx Std. Err. z p > |z|

Agricultural land
management area −0.00 0.00 −1.06 0.287 −0.00 0.00 −1.06 0.289

Whether have
production power 0.04 0.02 1.54 0.124 0.05 0.03 1.52 0.128

Whether have network 0.14 0.05 2.71 0.007 ** 0.18 0.07 2.61 0.009 **

Distance from village
trunk road −0.03 0.01 −3.93 0.000 *** −0.04 0.01 −3.65 0.000 ***

Housing area −0.00 0.00 −0.19 0.850 −0.00 0.00 −0.19 0.850

Clean energy or not −1.07 0.15 −6.94 0.000 *** −1.43 0.11 −13.57 0.000 ***

Primary school 0.21 0.03 6.46 0.000 *** 0.28 0.05 5.39 0.000 ***

Junior school 0.32 0.05 7.19 0.000 *** 0.43 0.08 5.76 0.000 ***

Senior school and
above 0.31 0.06 5.47 0.000 *** 0.41 0.08 4.77 0.000 ***

Net income 0.22 0.04 5.76 0.000 *** 0.30 0.06 5.00 0.000 ***

Note: **, *** are significant at the level of 5% and 1%, respectively

Table A2. Logit model accurate prediction ratio.

Classified D ~D Total

+ 530 211 741
− 81 422 503

total 611 633 1244

Sensitivity Pr(+|D) 86.74%
Specificity Pr(−|~D) 66.67%

Positive predictive value Pr(D|+) 71.52%
Negative predictive value Pr(~D|-) 83.90%

False + rate for true ~D Pr(+|~D) 33.33%
False-rate for true D Pr(−|D) 13.26%

False + rate for classified+ Pr(~D|+) 28.48%
False-rate for classified− Pr(D|−) 16.10%

Correctly classified 76.53%

Table A3. Balance test.

Variable Match Whether or
Not

Mean
Bias (%) Difference (%)

t Test

Treat Control t p > |t|

Age Unmatched 49.65 53.69 −23.6 −4.17 0.000

Matched 49.67 49.59 0.5 98.0 0.09 0.931

Gender
Unmatched 0.58 0.56 3.1 0.55 0.584

Matched 0.58 0.59 −2.0 36.1 −0.35 0.728

Number of
laborers

Unmatched 2.79 2.42 30.8 5.44 0.000

Matched 2.78 2.70 6.6 78.5 1.21 0.226

Number of
migrant workers

Unmatched 1.86 1.52 32.2 5.67 0.000

Matched 1.85 1.82 3.3 89.8 0.59 0.553

Number of family
members in school

Unmatched 0.80 0.77 3.8 0.67 0.506

Matched 0.80 0.72 9.1 −140.0 1.59 0.112
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Table A3. Cont.

Variable Match Whether or
Not

Mean
Bias (%) Difference (%)

t Test

Treat Control t p > |t|

Family members
Unmatched 4.20 3.82 21.4 3.76 0.000

Matched 4.19 4.07 6.9 67.8 1.24 0.214

Working time
Unmatched 5.25 4.13 22.8 4.02 0.000

Matched 5.25 5.40 −3.0 86.7 −0.53 0.595

Agricultural land
management area

Unmatched 54.12 61.11 −6.8 −1.20 0.231

Matched 54.10 57.23 −3.1 55.2 −0.64 0.521

Whether have
production power

Unmatched 0.54 0.56 −3.5 −0.62 0.535

Matched 0.54 0.53 2.6 25.1 0.46 0.646

Whether have
network

Unmatched 0.96 0.92 16.5 2.91 0.004

Matched 0.96 0.96 0.7 95.7 0.15 0.882

Distance from
village trunk road

Unmatched 0.52 0.57 −3.2 −0.57 0.570

Matched 0.52 0.39 8.3 −156.2 2.56 0.010

Housing area
Unmatched 118.43 116.04 7.4 1.31 0.191

Matched 118.32 119.76 −4.5 39.8 −0.73 0.466

Clean energy or
not

Unmatched 0.00 0.42 −118.3 −20.67 0.000

Matched 0.00 0.00 0.0 100.0 0.00 1.000

Primary school
Unmatched 0.57 0.46 22.1 3.89 0.000

Matched 0.57 0.61 −9.2 58.2 −1.63 0.103

Junior
school

Unmatched 0.23 0.12 29.6 5.23 0.000

Matched 0.23 0.20 7.9 73.3 1.26 0.207

Senior school and
above

Unmatched 0.11 0.07 14.0 2.47 0.014

Matched 0.11 0.10 3.4 75.5 0.56 0.578

Table A4. Matching quality.

Item Ps R2 LR chi2 p > |t| MeanBias MedBias B R %Var

One to one matching 0.010 17.23 0.305 4.5 3.4 23.9 1.41 38

Nearest neighbor
matching (k = 4) 0.005 8.56 0.899 3.7 4.6 16.8 1.12 25

Caliper (k = 4) 0.005 8.56 0.899 3.7 4.6 16.8 1.12 25

Radius matching (0.05) 0.004 7.58 0.939 3.1 2.7 15.8 1.14 13

Kernel matching 0.005 7.78 0.932 3.2 2.8 16.0 1.16 13

Local linear regression
matching 0.010 17.32 0.305 4.5 3.4 23.9 1.41 38
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