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• Economic well-being is affected not only by the level of income but also its
fluctuations (Poon and Weersink, 2011).

• Fluctuating incomes can affect farm decisions and the ability of a farm to
sustain its operations year to year (Mishra and Sandretto, 2002; Severini et al.
2016).

• Income risk in agriculture has attracted ever-increasing attention in recent
years due to changes in the economic, environmental and political conditions
in which farmers operate (Trestini et al., 2018).

Introduction (research  motivations)



• A large body of research analyzed farm income volatility mainly from the following
perspectives:

• (1) overnment subsidy or direct payments programs (El Benni et al., 2012; Severini et
al. 2016; Castañeda-Vera and Garrido, 2017; Nitta et al, 2022);

• (2) Financial support such as insurance (Enjolras et al. 2014; Tiermtore, 2021), mutual
fund (Severini et al., 2019; Trestini and Chinchio, 2018) and Income Stabilization Tool
(IST) (Trestini et al., 2017) ;

• (3) agricultural diversity (Davis et al., 2012; Barnes et al., 2015; Harkness et al., 2021).
• The majority of these studies concluded that government subsidy and financial support

positively contributed to farm income stability, while the impacts of agricultural
diversity are mixed.

Introduction (cont’d)



• Agricultural cooperatives have widely been viewed as an effective means to
help farm households access inputs at lower prices, enhance market linkage
and bargaining power, improve production skills, technical efficiency, raise
agro-food safety and quality standards, and shield against risks (Barton, 1989;
Fulton, 1995; Abate et al., 2014; Hellin et al., 2009; Nilsson 1998; Xu et al.,
2013; Iliopoulos, 2013; Ji et al., 2019).
• The existing studies mainly focused on evaluating the impacts of agricultural

cooperatives on farm income, productivity, price, household welfare (Ma and
Abdulai, 2016; Chagwiza et al., 2016; Ma and Abdulai, 2017; Mojo et al.,
2017; Verhofstadt and Maertens, 2015), and farmers’ behaviors in adopting
technologies (Abebaw and Haile, 2013; Wossen et al., 2017) and farm inputs
(Ma et al., 2018).
• Research on the association between agricultural cooperatives and farm

income volatility/stability remain very limited probably due to the lack of data.

Introduction (cont’d)



• To deal with the fact that pig farmers who are members of agricultural
cooperatives are likely to be different from those who are not, we employ the
endogenous switching regression (ESR) method address self-selection bias.
Unlike the PSM and IPWRA methods, which can only can only address the
selection bias originating from observed factors, the ESR model addresses the
selection bias arising from both observed and unobserved factors (Ma &
Abdulai, 2016; Zheng et al., 2021; Ma et al., 2021).
• The ESR model estimates one treatment equation (i.e., cooperative membership

equation) and two outcome equations (one for cooperative members and the
other for nonmembers), and then uses the estimated coefficients to calculate the
average treatment effects on the treated (ATT).

Introduction (cont’d)



• Pig sector is the most vulnerable agriculture sector in the PRC. There are
mainly three sources of risks to pig farm income stability: the first is the market
risk. Feed price, pig and pork price fluctuate sharply and periodically (MOA).
• Consequently, pig farm income in the PRC show great volatility across years
(Zhou et al., 2011). Income risk for rural households in the PRC has even been
exacerbated since the happening of COVID-19 pandemic in 2020. With
disruptions in agricultural inputs and outputs transportation, pig farmers face
more uncertainties in sourcing inputs and in accessing the markets (Zhuo et al.,
2020).

2. Background (Pig production in the PRC)



2. Background (Pig production in the PRC)

Figure 1. Annual changes in the ex-factory price index of lean-type white striped pork of 
different regions in the PRC during 2016-2021



2. Background (Pig production in the PRC)

Figure 2. Monthly changes in the ex-factory price index of lean-type striped pork 
of different regions in the PRC during June 2021 to June 2022.



2. Background (Farmer cooperative in the PRC)

• Chinese government encouraged the development of agricultural cooperatives
with its promulgation of the Law of Farmers’ Professional Cooperatives in
2007, which led to a total of 2.24 million agricultural cooperatives in the PRC
by the end of 2020 (people.cn, 2020). The rapid growth of agricultural
cooperatives in rural PRC has also generated great interests among scholars to
study various aspects of this rapidly emerged rural organization.
• Despite the emerging literature on the determinants and impacts of the

agricultural cooperatives in the PRC, there is no rigorous study on the effects
of agricultural cooperatives on farm income volatility. Based on our
knowledge, this is the first study that provides rigorous evidence from the PRC
regarding the effects of cooperative membership on pig farm income volatility
using ESR method.



2. Background (Agricultural cooperatives and farm income stability)

• It can be hypothesized that farmers’ cooperative membership would
influence farm income volatility through a number of channels.
Ø First, it reduces the uncertainties of both upside and downside price fluctuation
through financial instruments.
Ø Second, the market power achieved by the cooperative may be used in part to
‘buffer’ farming businesses from demand shocks in output markets.
Ø Third, agricultural cooperatives can improve farmers’ farm management skills
through providing technical extension services such as improved technology
adoption training (Ma et al., 2021; Ma et al., 2018), frequent veterinarian visits and
training (Ji et al., 2018a; Ji et al., 2019), and higher quality of inputs sourcing
(Manda et al., 2020; Ma and Abdulai, 2019).



Endogenous Switching Regression (ESR) model:

3. Empirical specificaitons (cont’d)

• 𝑀𝑖 is a binary decision variable that equals one if a pig farmer chooses to join
• an agricultural cooperative and equals zero otherwise;
• 𝑍𝑖 is a vector of household and farm-level characteristics and social-economic characteristics in

2017 (the first year in our sample data), that are expected to affect cooperative membership;
• 𝐼𝑉𝑖 is an instrumental variable for ESR model identification;
• γ and ω are parameters to be estimated;
• and ϵi is a random error term.
• We employ pig farmer's neighbors’ cooperative membership as our instrumental variable.



The two outcome equations (one for cooperative members and another for nonmembers) are 
specified as follows:

3. Empirical specificaitons (cont’d)

The ESR model addresses the selection bias issue resulting from unobservable factors as a missing
variable problem. In particular, after estimating the selection equation, the Inverse Mills Ratios λiM
and λiN for cooperative members and non-members, respectively, from equation (1), are calculated
and plugged into eqations (2a) and (2b), which can be written as follows in eqations (3a) and (3b):

λiM and λiN control for selection bias resulting from unobservable factors. In ESR model, the 
selection equation and the two outcome equations are estimated simultaneously by a full 
information maximum likelihood estimator (Lokshin & Sajaia, 2004).



The farm income volatility in an observed context and the expected outcome in a 
counterfactual scenario (i.e., the farm income volatility for members had they not 
belonged to any cooperatives) can be calculated as follows in equations (4a) and 
(4b):

3. Empirical specificaitons (cont’d)

The unbiased average treatment effects (ATT) is finally derived as the difference
between equation (4a) and (4b), as shown in equation (5):



The study uses a two-round firsthand panel data to study the effect of cooperative membership on

farm income stability. The first round survey was conducted during February to March 2020 in

Huai’an city (Jiangsu Province) and Lin’an city (Zhejiang Province). The second round of survey

was implemented during January to March, 2021 to the same sample farmers in the first round of

survey through online survey. However, 8 farmers were not reached. Therefore, we used two rounds

of 193 farmer surveys to carry out our study.

üdemographic data on the 193 pig farmers
üdata on each farmer’s production and operation
üdata on each farmer’s participation in industrial organizations
üdata on each farmer’s access to government subsidy and their participation of pig production

4. Data and descriptive statistics



The logarithm of the absolute coefficient of variation (Ln ACV) is a commonly
adopted measure of income volatility. The absolute value of the coefficient of
variation (ACV) of income allows for possible negative mean income values:

4. Data and descriptive statistics

In our research, farm income is defined as the net revenue of farmers’ pig production,
which is calculated by farmers’ pig production total revenue minus total cost.
Accordingly, the volatility of farm income is calculated by the logarithm of absolute
value of standard deviation of each individual farmers’ income in 2017-2020 divided
by the mean of each individual farmer’s income in 2017-2020.



Descriptive statistics



Descriptive statistics



Descriptive statistics
Figure 3. Relationship between farm income and volatility

Notes: Farm income in the x-aixs is expressed as the average log farm income of each farmer over 
time (2017-2020) because volatility of farm income is by definition cross-sectional and the range of 
farm income estimates is larger than that of volatility.



5. Results and discussions
Determinants of cooperative membership

The impact of cooperative membership 
on farm income volatility



5. Results and discussions
Treatment effects of cooperative membership



6. Conclusions and discussions
• The empirical results showed that belonging to a cooperative tends to reduce farm income

volatility by 14%. The farm income volatility reduction of cooperative membership were
higher for large-scale farmers, compared to medium and small farmers.
Ø The findings from this study show that agricultural cooperatives can contribute to the
stability of farm income. Therefore, the government should continue supporting the
development of agricultural cooperatives to better achieve the policy goal of stabilizing the
rural economy.

• Our findings also provide practical implications for alleviating farmers’ constraints in
participating in agricultural cooperatives.
Ø the government could consider collaborating with local cooperatives to recruit more less
educated members.

Ø policies that encourage cooperative participation could intentionally provide member
farmers: (1) incentives to build up more social connections with nonmember farmer and (2)
trainings to advertise the benefits that the agricultural cooperatives will offer to nonmember
farmers when they participate.
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