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A B S T R A C T

Cooperatives are established to improve farmers' production conditions, to increase their bargaining power and
to enable them to benefit from modern value chains. In China, farmers are members of a cooperative for multiple
reasons. Little is known on whether and how cooperative membership affects farmers’ choice of marketing
channels. This paper examines determinants of farmers’ choice of marketing channels, especially how co-
operative membership impacts upon this choice. Our analysis is based on survey data collected in 2015 among
625 apple growing farm households in the provinces Shaanxi and Shandong. We employ endogenous switching
probit models to deal with potential endogeneity of membership in estimating the determinants of marketing
channel choices. We find that cooperative membership has a positive impact on selling to wholesalers and a
negative impact on selling to small dealers, but no significant impact on selling to the cooperative itself. As
products sold through cooperatives generally comply with relatively stringent food quality and safety standards,
these results imply that policies promoting cooperative members to sell their products through cooperatives are
likely to have a significant impact on food quality and food safety in China.

1. Introduction

Recent structural changes in agro-food markets are characterised by
increasing public concern about food quality and food safety in both de-
veloped and developing countries. Demand for better quality food and for
stricter safety standards is growing, mainly due to the increasing pur-
chasing power of consumers (Narrod et al., 2009). These changes can be
both opportunities and challenges to smallholder farmers. On the one
hand, the changes allow farmers to benefit from opportunities arising from
export markets, local supermarkets and new processing firms (Bijman,
2016). On the other hand, these new markets in turn require compliance
with higher production and food safety standards and the stronger co-
ordination of sequential activities in the value chain (Abebe et al., 2013).
The high costs of compliance with these standards can exclude smallholder
farmers from these new markets.

Cooperatives can facilitate smallholder farmers to access markets
and strengthen their economic position. Firstly, cooperatives enable

farmers to bargain collectively with both sellers of inputs and buyers of
farm products (Bijman and Iliopoulos, 2014). Secondly, cooperatives
can support the information flow between farmers and the market and
thus help farmers to meet the specific requirements of high-value added
food markets (Wollni and Zeller, 2007). In addition, cooperatives can
help realize food traceability (Moustier et al., 2010), thereby con-
tributing to food safety.

The Chinese land tenure reform in the late 1970s turned the farm
household into the basic unit of agricultural production. The land reform
provided most farmers with an adequate basis for their livelihoods.
However, the reform also resulted in land fragmentation and small-scale
agriculture, which have become an obstacle to develop modern agriculture
(Tan et al., 2008). Like smallholder farmers in other developing countries,
Chinese farmers often have difficulties in accessing high-value agricultural
markets. Having realised that cooperatives can facilitate smallholders to
meet market requirements, the Chinese government began promoting the
development of cooperatives at the beginning of the 21st century (Jia

https://doi.org/10.1016/j.foodpol.2017.11.004
Received 12 August 2016; Received in revised form 10 October 2017; Accepted 19 November 2017

☆ Part of the research was funded through a grant provided by the Netherlands Foundation for Scientific Research (NWO) and the Chinese Academy of Social Sciences (CASS) through
the Joint Scientific Thematic Research Programme (JSTP), dossier number 833.13.003.

⁎ Corresponding author.
E-mail address: jinghui.hao@wur.nl (J. Hao).

Food Policy 74 (2018) 53–64

Available online 01 December 2017
0306-9192/ © 2017 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03069192
https://www.elsevier.com/locate/foodpol
https://doi.org/10.1016/j.foodpol.2017.11.004
https://doi.org/10.1016/j.foodpol.2017.11.004
mailto:jinghui.hao@wur.nl
https://doi.org/10.1016/j.foodpol.2017.11.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodpol.2017.11.004&domain=pdf


et al., 2012). The promulgation of the Chinese law on Specialised Farmers
Cooperatives in 2006 has been a milestone in the development of Chinese
cooperatives. By October 2015, over 40% of farm households had become
members of at least one cooperative.1

Research on agricultural cooperatives has focussed on two main
issues. One issue is the relationship between the cooperative and its
members, such as the determinants of cooperative membership (Fischer
and Qaim, 2012; La Ferrara, 2002), the relationship between farmers’
preferences and the functions of the cooperative (Cechin et al., 2013;
Kalogeras et al., 2009), and the effect of cooperatives on farmers'
market participation (Barrett, 2008; Hellin et al., 2009). The other issue
is the impact of cooperatives on agricultural production, the adoption
of agricultural technology, and farmers’ welfare (Abebaw and Haile,
2013; Chagwiza et al., 2016).

Limited literature is available on whether or not, and to what extent,
the development of cooperatives affects farmers’ choice of marketing
channels. Milford (2014) and Mujawamariya et al. (2013) analyse the
reasons for producers’ choice of different marketing outlets by com-
paring production costs and transaction costs involved in dealing with
different buyers with different production requirements, respectively.
Both studies do not examine the impact of cooperative membership on
the choice of marketing channels. Jia et al. (2012) analyse the main
marketing channels of cooperatives in China and find that cooperatives
mainly sell products to wholesale markets and facilitate farmers’ access
to markets by bridging farmers and government-driven agribusiness.
Since they use the cooperative as the unit of analysis, they do not ex-
amine farmers’ motivations for joining cooperatives, nor the impact of
membership on farmers’ choice of marketing channel. Insights into such
choices by farmers are important to evaluate recent policies in China
that aim at stimulating farmers’ involvement in high-value food chains
through promoting their participation in cooperatives. The objective of
this paper is therefore to examine the determinants of cooperative
membership for farmers and the effect of membership and other factors
on farmers’ choices of marketing channels.

We focus our analysis on apple farmers in the two main apple
producing areas in China. China is the world’s leading producer of
apples, producing roughly 55% of the total apple output in 2015
(Frederick et al., 2015). Apples are the fruit crop with the largest
acreage and the highest production value in China, and have been the
dominant income source for farmers in the two main apple production
regions – the Bohai Gulf area and the Loess Plateau area (Wang and
Huo, 2014). The empirical analysis is based on an extensive field survey
of 625 apple farm households in Shaanxi Province located in the Loess
Plateau and Shandong Province in the Bohai Gulf. We employ an en-
dogenous switching probit model to estimate the determinants of each
marketing channel taking into account the potential endogeneity of the
membership decision.

2. Theoretical framework

Arguments for the existence of cooperatives can be found both in
neoclassical economics and in transaction cost economics. Sexton
(1990) posits the competitive yardstick effect of cooperatives, which
means that cooperatives have a competition enhancing effect in oligo-
polistic markets. It was found that the degree of yardstick effect is de-
termined by membership, market structure and the resulting volume of
deliveries (Hoffman and Royer, 1997). However, neoclassical eco-
nomics provides little insight in how to structure transaction relation-
ships. Transaction cost economics offers a better framework to analyse
the transaction attributes and the governance structures (Sykuta and
Cook, 2001).

2.1. Transaction cost theory

Transaction costs arise due to attributes of the transaction as well as
characteristics of the human actors involved in the transaction.
Williamson (2005) assumes that transaction costs are caused by
bounded rationality and opportunism of human behaviours and attri-
butes of a transaction, especially uncertainty, frequency2 and asset
specificity (Williamson, 1979). The choice of cooperatives as an in-
stitutional arrangement results from increasing asset specificity and
transaction uncertainties (Ménard, 2007). In addition, Key et al. (2000)
argue that transactions between farmers and buyers are closely related
to farmers’ assets for production and their geographical location. For
example, due to the small size of the farm, economies of scale cannot be
realised by smallholders; they thus face higher external transaction
costs in obtaining inputs and financial services.

2.1.1. Production-specific assets
We define production-specific assets as both physical and human

investments that are specialised and unique to a product. Physical
production asset specificity consists of land, machinery, buildings and is
closely related to the specialisation of the farm. Human asset specificity
arises from “learning by doing” (Williamson, 1998). Skill acquisition
requires time, energy and money. Acquired skills, especially job-specific
skills, are not easy to transfer across jobs. Human asset specificity in this
sense is a sunk cost, which leads to a high probability of being locked in.

2.1.2. Geographical location
Geographical conditions limit the size and distribution of farms.

Small farms usually face high transaction costs because economies of
scale in transacting cannot be realised. Smallholders have higher unit
costs of procuring inputs, obtaining credit and other financial services,
getting agronomic and market information, and marketing products
(Wiggins et al., 2010). In addition, adverse geography generally co-
occur with poor roads, leading to high transportation costs.

2.1.3. Transaction uncertainty
Transactions are subject to both behavioural and environmental

uncertainty. Behavioural uncertainty comes from the opportunistic in-
clinations of the transacting parties (John and Weitz, 1988), while
environmental uncertainty results from the inability to specify the exact
conditions of the future exchange. Uncertainties lead to transaction
costs. Direct ex ante transaction costs arising from behavioural un-
certainty and information asymmetry include the costs of screening and
selecting partners. Direct ex post transaction costs are related to the
processes put in place to measure a partner’s performance (Standifird
and Marshall, 2000).

2.2. Farmers’ choices

We distinguish between two choices farmers can make. The first
choice is about membership of a cooperative, while the second choice is
about marketing channel. We assume that farmers make these decisions
on the basis of the costs and benefits related to each choice. However, it
is impossible to measure all the costs and benefits of both decisions
(Masten et al., 1991). It is particularly difficult to measure accurately
the transaction costs associated with the marketing process. Transac-
tion costs thus are mainly assessed in a comparative manner
(Verhaegen and Van Huylenbroeck, 2001). We adopt the empirical
approach proposed by Williamson (1991), which means we focus on the
transaction characteristics in order to estimate the determinants of
farmers’ membership and marketing channel choice.

1 Translated by authors from the news report entitled “1.47million cooperatives in-
cluding 40% of farm households nationwide”. The original text is written in Chinese and
was released on January 1, 2016; it can be found at: http://politics.people.com.cn/n1/
2016/0111/c1001-28035566.html.

2 In our empirical analysis we use cross-section data on marketing channels used by
apples producers in the year 2014. We therefore disregard transaction frequencies in the
remainder of this paper.
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2.2.1. Choice of cooperative membership
Cooperative membership brings both material and immaterial

benefits to farmers. Firstly, cooperatives decrease transaction costs and
improve transaction efficiency (Royer, 2011). Buyers can offer higher
prices for products because of the reduced transaction costs (Swinnen,
2005). Secondly, participating in cooperatives can improve small
farmers’ access to both input and output markets (Key et al., 2000). In
addition, members can benefit from the decision rights over the co-
operatives’ strategic assets and thus reduce the risk of being locked in or
held up (Hendrikse and Bijman, 2002). The immaterial benefits of
membership mainly refer to the social interaction with other members,
developing both personal social networks and business relationships
(Hansen et al., 2002).

The typical costs of membership include membership fees, time and
energy involved in cooperative affairs such as decision-making and
monitoring manager performance (Pascucci et al., 2012b). We assume
that farmers decide to participate in a cooperative when the benefits of
participation exceed the costs thereof.

2.2.2. Choice of marketing channel
A marketing channel refers to a set of interdependent organisations

involved in the process of making a product or service available for use or
consumption (Palmatier et al., 2014). We focus on the upstream segment
of the marketing channel: the transaction relationship between apple
producers and their buyers. In China, the main marketing channels for
apple farmers are small dealers, wholesalers and cooperatives. Farmers
choose one or several channels through which to sell their products.

We assume that the farmer decides to sell products after evaluating
transaction costs and benefits associated with each marketing channel
given his/her own production conditions. To a large extent transaction
costs and benefits are determined by the characteristics of the mar-
keting channels.

Small dealers are small and itinerant traders. They visit villages and
look for potential sellers. When an agreement is reached between the
small dealer and the farmer, the dealer buys the products directly from
the farmer. Such transactions are spot deliveries, most of which are
carried out either at farm gate or storage location. Grading and
packaging work is usually done by the farmers themselves.

Compared with small dealers, wholesalers usually have a larger
scale of business. Instead of buying products directly from farmers, they
usually employ local villagers as brokers to contact with potential
sellers. Most wholesalers will choose a convenient location in the vil-
lage where all the potential sellers bring their products. Wholesalers
employ workers to do grading and primary packaging.

Cooperatives are relatively new actors in marketing channels. We
would like to emphasise that cooperative membership does not ne-
cessarily mean choosing the cooperative as the marketing channel. Not
all members deliver their products to the cooperative, while non-
member farmers can also sell the products to the cooperative.

Other channels mainly consist of juice processors and selling within
personal social networks. Farmers usually sell degraded apples to juice
processors.

The conceptual framework presented above is depicted schemati-
cally in Fig. 1.

3. Model specification

When we evaluate the effect of cooperative membership on farmers’
choice of marketing channels, we cannot ignore the potential en-
dogeneity of membership. Farmers may self-select into cooperatives
because of unobserved factors such as incentives and ability. These
same unobservables may also influence the choice of marketing
channel. For example, a farmer may choose to become a cooperative
member with the intention to benefit from the possibility of selling
outputs through a certain marketing channel. If in such case the error
terms of the membership model and the marketing channel model

correlate, membership will be endogenous in the marketing choice
equation. Neglecting or failing to account for endogeneity of co-
operative membership will result in inconsistent estimates and lead to
spurious conclusions (Heckman, 1978).

Instrumental variable (IV) estimation and control function ap-
proaches are two common methods to deal with endogeneity of strictly
continuous outcome variables (Heckman, 1978; Wooldridge, 2014).
However, addressing the problem of endogeneity in limited dependent
variable models is complicated by the fact that a nonlinear model is
applied to fit the data, which invalidates a simple IV procedure
(Wooldridge, 2010). For binary outcomes a simple alternative strategy
is to use a Linear Probability Model (LPM) and two-stage least squares
(2SLS) to instrument the endogenous binary regressor (Angrist, 2001).
However, the LPM has many known problems such as predictions
outside the [0,1] interval and constant marginal effects. Moreover, a
2SLS approach is less efficient than a full information maximum like-
lihood (FIML) approach that is used in the method applied in this study.

One alternative approach is to estimate a bivariate probit regression
with a recursive structure, viz. one of the outcomes is an endogenous
regressor in the other equation. E.g. the cooperative membership de-
cision is a covariate in the marketing channel decision equation but not
vice versa. Greene (2008) shows that by using FIML one can ignore the
endogenous nature of the binary regressor and proceed as if there were
no endogeneity problem. For an application of this approach see e.g.
Pascucci et al. (2012a).

In this study we use a related though slightly different approach, the
endogenous switching probit model (Miranda and Rabe-Hesketh,
2006). Like the recursive bivariate probit, this model jointly estimates
two binary equations, one for cooperative membership and one for
delivery with the membership dummy included as a covariate in the
latter. The endogenous switching probit differs from the recursive bi-
variate probit in that it explicitly models the dependence between the
residuals of the switch equation (cooperative membership) and the
outcome equation (choice of marketing channel) via shared random
effects, thus mimicking the selection problem described above. The
bivariate probit model only considers the correlation between residuals
of both equations, without explicitly modelling why these residuals are
related. The shared random effect in the endogenous switching probit
reflects unobservables related to both cooperative membership and
choice of marketing channel.

Building on Pascucci et al. (2012a), we specify the membership
equation ( ∗Ci ) and the choice model of marketing channel ( ∗Mij ) are:

= + = > =

= + + = > =

∗ ∗

∗ ∗ ∗ ∗

C αX u C C C
M βY γC v M M M

, 1 if 0, 0 otherwise.
, 1 if 0, 0 otherwise.

i i i i i i

ij i i i ij ij ij (1)

Transaction Cost 

Cooperative 
Membership 

Marketing Channels 

Production-specific Assets, 
Geographical Location, 
Transaction Uncertainties  

Fig. 1. Conceptual framework.
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Where Xi represents a vector of explanatory variables of cooperative
membership, Yi represents a vector ofexplanatory variables of mar-
keting channel choices, α, β and γ are coefficients to be estimated, and
ui and vi are residual terms. To model the potential endogeneity of
cooperative membership, we use a shared random effect εi to induce the
dependence between ui and vi (Miranda and Rabe-Hesketh, 2006),

= +u λε ζi i i (2)

= +v ε δi i i (3)

Here εi, ζi, and δi are hypothesised to be independently and identically
distributed, with mean 0 and same variance of 1; λ is a factor loading.

We can derive the correlation ρ between ui and vi as =
+

ρ λ

λ2( 1)2 . If

ρ equals 0, ∗Ci will be exogenous in the marketing choice equation and
consistent estimates of β and γ in Eq. (1) can be obtained by fitting
ordinary probit models. If ρ is significantly different from 0, ∗Ci is en-
dogenous and thus an endogenous switching model will be employed.

4. Farm survey

We conducted a survey among farm households between January
and March, 20153 in Shaanxi Province in the Loess Plateau region and
Shandong Province in the Bohai Gulf region. A multistage sampling
procedure was used for the selection of observation units. In the first
stage, we used the probability proportional to size (PPS) method to
select 7 counties (out of the 10 most important apple production
counties) in Shaanxi and 8 counties (out of the 10 most important apple
production counties) in Shandong according to the size of apple pro-
duction in 2014. In the second stage, we asked the Agricultural Bureau
in each county for the list of apple cooperatives in the county4; 5 co-
operatives were randomly selected from those lists. Therefore, in total
we first selected 75 cooperatives. However, the chairmen of 12 out of
the 75 selected cooperatives could not be reached. Therefore, we
dropped these 12 cooperatives from our sample resulting in a final
sample of 63 cooperatives that were interviewed (30 in Shaanxi and 33
in Shandong). We did face-to-face interviews with the chairperson or
other officials involved in cooperative management.5 Data about the
cooperative (e.g. number of members, initiation) were also collected.

Next, 10–12 farm households were interviewed in the village where
the cooperative is located.6 At least 6 cooperative members in each
village were interviewed. This gave a total number of 700 farm
households that were interviewed, composed of 429 member farm
households and 271 non-member households. Using a structured
questionnaire, information was collected on apple production in 2009
and 2014 and apple marketing in 2014 (including input use, costs,
yields, and output price), as well as household and farm characteristics
(e.g. age, education, farm size, and asset investments), and farmers’
perceptions about transactions. The collected information was based as
much as possible on written records; for farmers that did not keep re-
cords it is based on recall data. Some of the interviewed farmers had not
sold the apples harvested in 2014, but kept these apples in cold storage.
We excluded these farmers from our analysis. Finally, data from 625
farmers, including 374 member farmers (184 in Shaanxi and 190 in
Shandong) and 251 non-member farmers (110 in Shaanxi and 141 in
Shandong) have been used in the analysis.

5. Variable specifications and expected effects

Table 1 shows the variables used to explain farmers’ decision on
cooperative membership and choice of marketing channels. Their
choice is based on the conceptual framework in Section 2.

Indicators of production-specific assets are as follows. We use the
apples-bearing land area (labelled ‘area’) to proxy output size and
farm scale. To deal with potential endogeneity, we use a five-year lag
for this variable. The share of land dedicated to apple production is
used to measure the farmer’s degree of specialisation. The more
specialised the farm is, the more likely the farmer will have specific
assets on the farm (Pascucci et al., 2012a). Due to potential reverse
causality between farmer’s degree of specialisation in apple pro-
duction and cooperative membership, we exclude the specialisation
variable from the cooperative membership switch equation. The
degree of participation in non-farm work for the household head is
included as an indicator of access to cash income. Studies have
shown that non-farm activities can be an important source of cash
income for farm households (Reardon et al., 1994). We expect that
with increasing participation in non-farm work, the farmer has more
liquidity. Transaction costs hence decrease. As farm size (i.e. apples-
bearing land area) is one of the explanatory variables in the model,
the estimated coefficient for participation in non-farm work reflects
the impact for given farm sizes. The probability for the farmer to
become a cooperative member thus will decrease with the increasing
participation in the non-farm work. However, being a cooperative
member may reduce the farmer’s participation in the non-farm work
due to involving in the cooperative business. Due to potential reverse
causality between farmer’s degree of participation in non-farm work
and cooperative membership, we exclude the non-farm work vari-
able from the cooperative membership switch equation.

Human capital increases “the ability to perceive, interpret, and
respond to new events in a context of risk” (Schultz, 1982).
Farmer’s education level and age are used as indicators of human
capital. In addition, the frequency of participation in technical
training and the self-evaluated level of apple producing skills7 are
also included.

We use the number of plots each household cultivates, the distance
to the nearest wet market,8 and a dummy variable indicating whether
or not there are apple brokers9 in the village or nearby to depict geo-
graphical location. Farmers in mountainous or hilly areas tend to have
small and scattered land holdings (Tan et al., 2008). Moreover, the
distance to the nearest agricultural wet market is used as an indicator of
market access. The dummy variable of apple brokers in the same village
as well as nearby villages is used to proxy the availability of market
information. We hypothesise that farm households with more plots,
larger distance to a wet market, and few information sources experience
higher transaction costs in marketing.

We measure the transaction uncertainty based on farmers’ transac-
tion experiences. Questions about farmers’ perceptions of transaction
uncertainty are grouped into three categories: ex ante uncertainty,
uncertainty during the delivery, and ex post uncertainty. Five-level
Likert scales are used to measure the degree of uncertainty. To measure
physical environmental uncertainty, which affects economic activities
and transaction costs, we use an indicator of whether there have been
production losses caused by extreme weather in the past 5 years.

We also control for the institutional environment. The Chinese
government has been crucial in the genesis of cooperatives in China.
Particularly since 2007, government support has been an important

3 Because of the Chinese spring festival in February, our survey was conducted in two
periods, before and after the spring festival.

4 We do not know the number of cooperatives that were on each list. For the sake of
confidentiality, the local agricultural bureaus did not allow us to take the name lists of
cooperatives out of their offices.

5 In two cases, the cooperative chairmen were out of office for business during our
survey time. We had no choice but to interview others involved in the cooperative
management. Both of them knew their chairmen well and could pass on basic information
about the chairmen, such as age, education level, and work experience.

6 The (five or ten) enumerators went in different directions from the local village of-
fices and interviewed the first one or two farm households who were found at home.

7 “Self-evaluated level of apple producing skills” might not only capture farming skills
but also perceived self-efficacy (Wuepper and Sauer, 2016).

8 A wet market is a traditional (street) market selling fresh produce and meat (Tracey-
White, 1991).

9 The term of “apple broker” refers to a person who functions as an intermediary be-
tween farmers and buyers in searching, contacting and bargaining.
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reason for the foundation of cooperatives (Deng et al., 2010). We use
three dummy variables to sketch the institutional settings: whether
the cooperative was initiated by village cadres or by another gov-
ernment organisation, whether family members have been village
cadres, and a dummy reflecting the regional in which the household
resides. The first two institutional variables are assumed to only af-
fect the farmer’s choice of membership, not the choice of marketing
channels.

Using exclusion covariates in the switch equation that do not enter
the outcome equation is the preferred approach for model identification
(e.g. Deb and Trivedi, 2006). The three variables that are used as such
in our model are the frequency of participating in training for apple
production in 2009, whether cooperatives were initiated by village
cadres or other government organisations, and whether any family
member has experience as village cadre. Technical training in apple
production increases the likelihood that farmers specialise in apple
production, and therefore join apple cooperatives. The training usually
does not include marketing-related training, and therefore is unlikely to
have a direct effect on the choice of marketing channels. There are also
no a priori reasons to expect that the way in which cooperatives are
initiated has a direct effect on farmers’ choice of marketing channels.
Likewise, cooperative membership is likely to be affected by the pre-
sence of one or more family members with village cadre experience. But
a direct effect of village cadre experience on marketing channel choice
is much less plausible.

6. Results

6.1. Descriptive statistics

6.1.1. Marketing channels
We find that most farm households plant more than one apple

cultivar. The most common cultivars are Fuji, Gala, Delicious, and
Jonathan. In Shandong, Fuji is the dominant cultivar planted, ac-
counting for 70.2% of the total planting area and 76.2% of the total
apple output in 2008; in Shaanxi, the plantation area of Fuji apples
equals 65% of the total area and the planting area has been increasing
(Cong, 2008). We thus focus our analysis on Fuji apples only.

The main marketing channels for apple farmers are wholesalers,
small dealers and cooperatives. As shown in Table 2, the share of
wholesalers in the marketing channels is 43.7 percent, followed by
small dealers (41.9 percent), cooperatives (10.6 percent) and other
channels (3.7 percent). Relatively more non-member farmers sell their
apples to small dealers and relatively fewer farmers sell their output to

Table 1
Expected effects.

Hypothesis Variable name Impact on
TC

Impact on
membership

Description

Control variables gender +/− +/− gender of the household head (male= 1)
quality +/− 0 % of the apples without blemishes in the total apple output in 2009

Production-specific
assets (PA)

Physical PA area + + size of land bearing apples (unit: mua)
non-farm work − 0 the household head participating in non-farm work= 1, otherwise= 0
specialisation + 0 share of land dedicated to apple production

Human PA age +/− +/− age of the household head
education − + years of education of the household head
household size +/− +/− household size
training + + frequency of participation in technical trainings in 2009
skill level + + self-evaluated level of apple producing skills (1= bad; 2=mediocre;

3= good; 4= excellent)
Geographical location plots + + number of plots cultivated by the household

apple brokers − − presence of apple brokers in the same village or nearby villages=1,
otherwise= 0

distance + + distance to the nearest agricultural spot market (unit: km)
Transaction uncertainty

(TU)
Environmental
uncertainty

weather loss + + loss caused by extreme weather in the past 5 years= 1, otherwise= 0

Behavioural
uncertainty

ex-ante TU1 + 0 ex-ante TU (To what extent do you agree with the statement that “I have
no idea about prices to be offered by buyers beforehand?” Scale 1–5)

ex-ante TU2 − 0 ex-ante TU (To what extent do you agree with the statement that “I know
beforehand about the quality requirements of buyers?” Scale 1–5)

during TU + 0 during TU (To what extent do you agree with the statement that “I
suffered loss caused by decisions that were changed unilaterally by
buyers during the transaction?”b Scale 1–5)

ex post TU + 0 ex post TU (To what extent do you agree with the statement that “I
suffered loss caused by delayed payments by buyers?” Scale 1–5)

Institutional
environment

initiation 0 + cooperative was initiated by village cadres or another government
organisation= 1, otherwise=0

village cadre 0 + any family member has experience as village cadre= 1, otherwise= 0
region +/− +/− regional dummy (Shaanxi= 1; Shandong= 0)

Note: TC denotes transaction cost.
+ stands for positive impact; − stands for negative impact; +/− stands for unclear direction; 0 stands for no impact.

a mu is traditional Chinese unit of area (1 hectare= 15 mu).
b The change during the transaction mainly refers to quitting the transaction unilaterally or lowering the promised intentionally by the buyer before the final deal is reached by both

parties.

Table 2
Apple marketing channels used by members and non-members of cooperatives.

Marketing channel Members Non-members Total (%)

Wholesalers 176 (44.0%) 120 (44.8%) 296 (43.7%)
Small dealers 156 (38.1%) 128 (47.8%) 284 (41.9%)
Cooperatives 59 (14.4%) 13 (4.9%) 72 (10.6%)
Other channels 18 (4.4%) 7 (2.6%) 25 (3.7%)

Total 409 (100%) 268 (100%) 677 (100%)
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cooperatives. Most farmers use just one marketing channel; 52 out of
625 farmers (8.3 percent) sell their apples through two marketing
channels. To avoid losing relevant information about these households,
we use dummy variables for each of the channels used by the farmers in
the sample as dependent variables and use endogenous switching probit
models for estimating the coefficients of variables that explain the three
marketing channel choices.

6.1.2. Explanatory variables: cooperative members and non-members
Table 3 shows descriptive statistics (mean and standard deviation)

of the explanatory variables used in the regression analysis and the
mean difference of these variables between member farmers and non-
member farmers. We find that, in general, apple farm households are
highly specialised with 84 percent of the land dedicated to apples on
average, but with dispersed (3.73 plots per household on average) and

small production scales (mean apples-bearing land area of 0.55 ha). As
to the differences between the two groups, cooperative members have
higher education levels, more plots of land and participate more in
technical training for apple production on average than non-members;
and their families have more experience as village cadres on average
than non-members. In contrast, non-members are more specialised in
apple production and have better producing skills on average than
members. The regional dummy statistics show that 49% of member
farmers and 44% of non-members in our sample are from Shaanxi
Province.10

6.2. Estimation results

We use the endogenous switching probit model (ESP) specified in
(1) to estimate the factors affecting cooperative membership and choice
of marketing channels. As shown in Table 1, we use 19 explanatory
variables to estimate factors affecting farmers’ choice of membership
and 20 explanatory variables for the choice of marketing channels.11

We focus on the three main marketing channels, i.e. wholesalers, small
dealers and cooperatives (see Table 2). Due to the small share of apple
farmers using other channels (3.7%; see Table 2), we do not distinguish
it as a separate channel in the marketing channel choice equations.

First, we check the potential multicollinearity of explanatory vari-
ables on the basis of variance inflation factors (VIFs) in two separate
linear probability models estimated using OLS (Menard, 2002). For the
membership equation, the highest VIF is 7.7412 (average of 1.87) and
for the three delivery equations of each market channel the highest
value is 8.16 (average of 1.89). Both values are lower than the often
chosen critical value of 10 (Spanos and McGuirk, 2002), indicating that
multicollinearity is not a major problem. Table 4 shows the estimation
results.

6.2.1. Switch model: cooperative membership
The second and third column of Table 4 present the estimation re-

sults for the switch model of membership. We find that the apple
bearing area has a significant positive effect on the probability of being
a member of a cooperative. As regards to the human capital indicators,
we find that education of the household head, the frequency of parti-
cipating in production trainings and the self-evaluated skill level have
significant positive effects on cooperative membership. The age of the
household head (an indicator of working experience) and household
size, on the other hand, do not significantly affect membership deci-
sions. With respect to the indicators of geographic location, only the
number of plots owned by the household have significant impact on
membership. We do not find significant effects for the indicators of
transaction uncertainty. Finally, only one of the two institutional en-
vironment variables is found to have a significant impact on member-
ship decisions. We find that households with family members having
experience as village cadre are significantly more likely to participate in
a cooperative. It may also be noted that two of three instrumental
variables used for identification, frequency of training and experience
as village cadre, have a significant effect on membership.

6.2.2. Outcome model: choice of marketing channel
The six columns at the right-hand side of Table 4 summarise the

estimation results for the three main marketing channels. The values of

Table 3
Descriptive statistics.

Variable name Members
Mean (S.D.)

Non-members
Mean (S.D.)

Difference Full sample
Mean (S.D.)

membership 1.00
(0.00)

0.00
(0.00)

1.00 0.60
(0.49)

gender 0.99
(0.12)

0.97
(0.16)

0.02* 0.98

quality 83.38
(17.71)

82.69
(17.69)

0.69 83.1
(17.69)

area 8.59
(10.85)

7.63
(22.06)

0.96 8.2
(16.3)

non-farm work 0.10
(0.34)

0.13
(0.30)

−0.03 0.11
(0.36)

specialisation 0.83
(0.23)

0.85
(0.23)

−0.02** 0.84
(0.23)

age 51.99
(7.99)

52.05
(9.66)

−0.06 52.01
(8.69)

education 9.47
(2.27)

8.88
(2.52)

0.59*** 9.23
(2.39)

household size 3.75
(1.37)

3.64
(1.49)

0.11 3.7
(1.42)

training 2.09
(2.15)

1.22
(1.66)

0.87*** 1.74
(2.01)

skill level 2.39
(0.69)

2.63
(0.72)

−0.24*** 2.53
(0.72)

region 0.49
(0.50)

0.44
(0.5)

0.05 0.47

plots 3.86
(2.16)

3.55
(1.71)

0.31** 3.73
(1.99)

apple brokers 0.42 0.43 −0.01 0.43
distance 7.53

(8.50)
6.83
(8.32)

0.7 7.25
(8.43)

weather loss 0.79
(0.40)

0.78
(0.42)

0.01 0.79

ex ante TU1 3.34
(1.38)

3.37
(1.37)

−0.03 3.35
(1.37)

ex ante TU2 4.22
(1.03)

4.18
(1.02)

0.04 4.21
(1.02)

during TU 3.02
(1.45)

2.88
(1.42)

0.14 2.96
(1.44)

ex post TU 2.75
(1.57)

2.62
(1.52)

0.13 2.69
(1.55)

initiation 0.45
(0.5)

0.41
(0.49)

0.04 0.43
(0.5)

village cadre 0.27
(0.44)

0.16
(0.36)

0.11*** 0.22

Observations 374 251 – 625

Note: S.D. denote standard deviations.
*** Denote that mean values for cooperative members are significantly different from

non-member farmers at 1% levels.
** Denote that mean values for cooperative members are significantly different from

non-member farmers at 5% levels.
* Denote that mean values for cooperative members are significantly different from

non-member farmers at 10% levels.

10 It is not possible to include 14 county dummies, instead of a province dummy, in the
model because for the cooperatives channel equation can no longer be estimated in that
case (given the limited number of households selling through that channel).

11 Besides the variables listed in Table 1, we also include the square term of “area” in
the estimations.

12 The inclusion of the square term of area in both choice models contributes to the
high value of VIF. If we delete this square term in both models, the average values of VIF
for both membership model and marketing channel model will decrease to 1.18 and 1.17,
respectively.
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ρ are significant (at the 1% and 5% level, respectively) in the whole-
salers and small dealers models. These findings support the premise that
the cooperative membership decision is an endogenous decision in the
choice of these marketing channels. For the cooperative channel,
however, we find that ρ does not significantly differ from zero. Thus
membership can be considered exogenous in the case of selling to co-
operatives. Therefore, in principle an ordinary probit model could be
applied for estimating the factors affecting the choice of this channel.
However, note that this result may be due to the relatively small
number of farmers selling to cooperatives. Therefore, for congruency
we stick to the endogenous switching probit results for all three market
outlets.

The most striking result is that for cooperative membership, which
is the main focus of our study. We find that membership has a sig-
nificant positive effect on the probability that an apples farmer will sell
the output to a wholesaler, and a significant negative effect on the
probability of selling to a small dealer. But membership of a cooperative
does not have a statistically significant effect on the probability of
selling apples to a cooperative.

With regard to production-specific assets, we find that land area has
a significant non-linear impact on the probability of selling to whole-
salers. With an increase in the apples bearing area, farmers seem to be
less inclined to sell apples to wholesalers. But when the area exceeds 19
mu (about 1.27 ha), the probability of selling to wholesalers increases
with the area. The positive relationships between apples bearing area

and selling to small dealers or cooperatives are both not statistically
significant. We further find that more specialised apple farmers who are
more involved in non-farm work are more likely to sell their output to
wholesalers and less likely to sell it to small dealers. The results do not
show significant relationships between human capital assets and choice
of marketing channels, with one exception. We find that household size
exerts a significant negative and positive impact (at the 10 percent
level) on the likelihood of selling to wholesalers and cooperatives, re-
spectively.

Geographic location seems to play an important role in marketing
channel choices. We find that the presence of apple brokers in the
village or nearby has a significant positive impact on the probability
of selling to wholesalers and a significant negative impact on selling
to cooperatives. Farmers living in villages with a relatively large
distance to the nearest agricultural wet market are more likely to sell
their output to wholesalers and less likely to sell it to small dealers.
Selling to cooperatives is not significantly affected by the distance to
the nearest wet market. The number of plots cultivated by a house-
hold has a negative impact on the likelihood of selling to small
dealers, but no significant effect either on selling to wholesalers to
cooperatives. We further find that, controlling for other factors af-
fecting channel choices, farmers in Shandong province are more
likely to sell their apples to wholesalers as compared to farmers in
Shaanxi province.

The impact of transaction uncertainty on marketing channel

Table 4
Estimation results for endogenous switch probit model of three main marketing channels.a

Variables Switch model Wholesalers Small dealers Cooperatives

Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.

membership – – 0.961*** 0.196 −1.116*** 0.353 0.201 0.769
gender 0.367 0.389 0.166 0.378 −0.190 0.383 −0.052 0.539
quality – – 0.006** 0.003 −0.003 0.003 0.003 0.005
area 0.040*** 0.014 −0.038* 0.021 0.029 0.022 0.030 0.029
(area)2 0.000 0.000 0.001* 0.000 −0.001 0.001 0.000 0.001
non-farm work – – 0.236* 0.134 −0.311** 0.160 0.092 0.235
specialisation – – 0.459** 0.231 −0.622*** 0.246 0.589 0.378
age 0.002 0.007 −0.007 0.007 0.006 0.007 −0.002 0.010
education 0.045** 0.023 −0.002 0.023 −0.023 0.026 0.040 0.035
household size −0.002 0.044 −0.078* 0.043 0.043 0.043 0.119* 0.063
training 0.135*** 0.028 – – – – – –
skill level 0.252*** 0.077 −0.044 0.077 −0.018 0.088 0.126 0.118
region 0.135 0.142 0.358*** 0.136 −0.235 0.148 −0.298 0.204
apple brokers −0.120 0.128 0.455*** 0.121 −0.195 0.122 −0.707*** 0.186
plots 0.052* 0.030 0.045* 0.027 −0.065** 0.033 0.053 0.034
distance 0.003 0.006 0.012* 0.006 −0.012* 0.007 0.006 0.009
weather loss 0.102 0.129 −0.076 0.124 0.087 0.127 0.365* 0.198
ex-ante risk1 −0.028 0.040 0.018 0.037 0.033 0.039 −0.076 0.054
ex-ante risk2 0.021 0.052 0.012 0.049 0.015 0.050 −0.104 0.068
during-risk 0.009 0.038 −0.077** 0.036 0.071** 0.037 −0.037 0.051
ex-post risk 0.045 0.036 −0.029 0.034 0.045 0.035 0.028 0.049
initiation −0.017 0.099 – – – – – –
village cadre 0.232* 0.129 – – – – – –
_cons −2.219*** 0.725 −1.095 0.789 0.969 0.828 −2.775 1.170

ρ – – −0.664*** 0.099 0.590** 0.338 0.243 0.398
No. of obs. 625 625 625 625

* Denote significance level of 10%.
** Denote significance level of 5%.
*** Denote significance level of 1%.
a Each marketing channel choice model has one corresponding switch model. Because the estimated coefficients in each switch model have the same signs and similar degrees of

significance, we present the results for the switch model of the wholesalers channel for simplicity. Estimation results of the other two switch models are shown in Table A.1 in the
Appendix.
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choice is limited. We find evidence that farmers who experienced an
output loss during the previous five years are more likely to sell their
apples to cooperatives. Selling to wholesalers or small dealers is not
significantly affected by weather-induced losses. Ex ante and ex post
transaction uncertainties do not have significant effects on farmers’
output channel choices. But uncertainty during a transaction, as
caused by unilateral decisions of the buyer, makes apples farmers
more likely to sell to small dealers and less likely to sell to whole-
salers.

7. Discussion

7.1. Determinants of marketing channel choices

Our major finding is that cooperative membership has a sig-
nificantlypositive effect on the choice of wholesalers, a negative effect
on the choice of small dealers and an insignificant effect on the choice
of cooperatives as marketing channel for the apple farmers surveyed for
this study. We will discuss this result and its policy implications in more
detail in the next chapter.

The land area bearing fruits is found to have a significant negative
effect on the probability of selling to wholesalers up to a turning point
of almost 19 mu (about 1.27 ha.). This finding suggests that very small
farmers often sell their apples jointly with other farmers to wholesalers;
with increasing land size they are more likely to sell all their output to
small dealers or cooperatives. But the estimated coefficients for land
area in the equations for the latter two marketing channels do not differ
significantly from zero (at a 10 percent level).

With respect to other production-specific assets, we find that
farmers who are more involved in non-farm work and those that de-
vote a larger share of their land to apples production are more likely to
sell their output to wholesalers and less likely to sell it to small
dealers. Transaction costs incurred at the farmers’ side may explain
the first of these two findings. Farmers involved in non-farm work will
face relatively high opportunity costs of the time that they spend on
negotiating transactions, obtaining information, and so on. The
amount of time spent on output selling transactions will generally be
lower for the wholesalers channel, especially when cooperatives co-
ordinate such transactions. The finding that more specialised apples
farmers are more likely to sell their output to wholesalers may have to
do with the apple quality. More specialised farmers will generally
have more knowledge about appropriate production technologies and
be able to produce more uniform output. The costs involved in quality
checking and grading, which is usually done by the wholesalers
themselves, are therefore less.

We do not find evidence that sunk costs in human asset-specificity
affect the choice of output channels by apples farmers. The only human
capital variable that has a statistically significant impact is household
size in both the wholesalers and the cooperatives channels equations. It
exerts a negative and positive impact (at the 10 percent level) on selling
to wholesalers and cooperatives, respectively. The results suggest that
larger households may have closer contacts with cooperatives and
therefore are more likely to sell their output through cooperatives, ra-
ther than the other channels. More research is needed to examine the
exact underlying mechanism.

The presence of apple brokers in the village or nearby has a sig-
nificant positive impact on the probability of selling to wholesalers
and a significant negative impact on selling to cooperatives. Similar
to cooperatives, apple brokers usually help organise transactions
commissioned by wholesalers, especially in the villages without co-
operatives. Our findings indicate that in villages where cooperatives
are present apple brokers induce a switch in marketing channels
from cooperatives towards wholesalers. Other geographical location
factors are also found to play important roles. Farmers living in
villages with a relatively large distance to the nearest agricultural
spot market are more likely to sell their output to wholesalers and

less likely to sell it to small dealers. Proximity to a wet market
usually means more potential buyers. In particular there will be more
itinerant small dealers with relatively limited travel radius near a
wet market. These small dealers prefer to buy apples from sellers
nearby to economise on their costs. For similar reasons, the number
of plots cultivated by a household is found to have a negative impact
on the likelihood of selling to small dealers. Farm households with a
large number of plots usually live in relatively remote, hilly or
mountainous areas which are less accessible for small traders.

Cooperatives usually buy all grades of their members’ apples,
even the ones with blemishes caused by extreme weather during the
growth period. This fact probably explains why we find that farmers
who experienced an output loss during the previous five years are
more likely to sell their apples to cooperatives. Ex ante and ex post
transaction uncertainties do not have significant effects on farmers’
output channel choices. The limited effects of transaction un-
certainties on farmers’ choice of marketing channels can be ex-
plained from specific characteristics of apple wholesalers. When
wholesalers plan to buy apples from farmers, they usually provide
farmers with specific information about quality grades and the
corresponding prices for each grade. This information is released
beforehand and thus reduces the potential loss caused by ex-ante
uncertainties. Wholesalers usually pay farmers in cash after the
transaction, which reduces the potential loss caused by ex post
uncertainty. Results of our survey show that 259 out of 285 farm
households13 (i.e. 91 percent) selling to wholesalers received pay-
ment at the same time as the transaction took place. Due to the
relatively large transaction volumes, wholesalers usually buy ap-
ples from different farmers within the same village and/or nearby
villages. They thus can choose among different farmers supplying
apples, and usually select farmers who offer apples of compara-
tively high quality. The significant positive effect of the quality
variable in the wholesalers channel equation is consistent with this
observation. Farmers that have not been selected have to take the
loss caused by this uncertainty during transactions, and will need to
sell to other channels, e.g. small dealers. This explains why we find
that uncertainty caused by unilateral decisions of the buyer makes
apples farmers more likely to sell to small dealers instead of
wholesalers.

7.2. Determinants of cooperative membership

The significantly positive effect of land area on cooperative
membership is in line with our hypothesis that large-scale farms have
more specific assets for apples production. As these assets cannot
easily be transferred to other productive purposes, farmers with a
larger area of apple bearing land have a greater probability to join
cooperatives. Likewise, we find that human asset specificity as re-
flected by the level of education of the household head, the fre-
quency of technical training and the perceived skill level have sig-
nificant positive effects on cooperative membership. The only
significant indicator of geographic location is plots. Farm households
with a larger number of plots usually live in relatively remote, hilly
or mountainous. They usually experience higher transaction costs
during marketing and thus are more probably to participate in co-
operative. This result is in line with our previous hypothesis.
However, we do not find significant effects for the indicators of the
transaction uncertainty variables.

Finally, we find that households with one or more family members
having experience as a village cadre are significantly more likely to

13 We only collected transaction details about the most important marketing channel
for each household. For 285 households out of the 296 farmers in our sample who sold
apples to wholesalers (see Table 2), the wholesale channel was the most important
marketing channel.
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participate in a cooperative. Village cadres in China are supposed to
fulfil state tasks (Kung et al., 2009) and they are generally quick re-
sponders not only to new agricultural technologies and techniques, but
also to the new government policies. Given the recent focus in Chinese
policy making on the development of cooperatives, it is no surprise that
households with village cadre experience are more likely to become
members of a cooperative.

7.3. Robustness checks

As a robustness check, we compare the endogenous switching probit
results (Table 4) with results from a linear probability model estimated
with 2SLS (2SLS-LPM; Table A.2) and a bivariate probit model (BPM;
Table A.3).

Compared with the endogenous switching probit (ESP) estimates,
we find that the 2SLS-LPM coefficient estimates have similar signs and
effects but are less efficient.14,15 This is also reflected in a smaller
number of statistically significant parameters in the 2SLS-LPM com-
pared to the ESP. The results of the Durbin-Wu-Hausman test for en-
dogeneity of cooperative membership in the 2SLS-LPM are in line with
the statistically significant correlation coefficient estimated by the ESP
presented in the bottom row of Table 4. The main conclusion of our
study regarding the impact of cooperative membership on farmers’
choice of marketing channels remains the same.

Comparing the results estimated by the BPM and the ESP, we find
that the coefficients are very similar both in magnitudes and significant
levels. However, generally the ESP produces smaller standard errors
than BPM, which gives ESP a comparative advantage. The conclusions
that we can draw from the BPM are exactly the same as the ones drawn
from the ESP in Section 7.1.

8. Conclusions

This paper seeks to examine how cooperative membership affects
farmers’ choice of marketing channels. Using transaction cost eco-
nomics as a theoretical framework, we employ three endogenous
switching probit models to estimate the determinants of each marketing
channel based on field survey data collected among 625 farming
households in Shaanxi and Shandong provinces in China. The empirical
results show that cooperative membership has a significantly positive
effect on the choice of wholesalers as marketing channels, along with a
negative effect on choosing small dealers and an insignificant effect on
choosing cooperatives.

We explain the varying effects of cooperative membership on
farmers’ choice of the different marketing channels mainly from the
perspective of services by cooperatives. Both the current small market
share represented by cooperatives and the services provided by co-
operatives, especially the marketing information service and marketing
coordination activities for members, explain the insignificant effect of
cooperative membership on farmers’ choice of cooperatives as the
marketing channel. Even if cooperatives do not buy their members’
apples, most of them collect marketing information, introduce whole-
salers to members and help coordinate transactions for members.
Membership thus exerts a positive effect on the choice of wholesalers,
but a negative effect on the choice of small dealers, as a marketing
channel.

We thus can conclude that the majority of the surveyed

cooperatives are supply cooperatives, rather than marketing ones.
Most of these cooperatives were established after 2007 and they are
still young compared to other entities in the market. According to
Cook’s cooperative life cycle framework (2009), they are still in the
phase of economic justification or organizational design. Hence, it is
not surprising that only a small share of the members sell their apples
to the cooperatives. Cooperatives still need time to develop, and to
realize their potential in facilitating smallholder access to markets
and strengthening their economic position.

One important field in which cooperatives can play a crucial role is
in improving food traceability. Due to the increasing purchasing power
of consumers, technical developments of examining food safety, and
especially the recent food scandals, there is growing attention for food
traceability, food safety and food quality in China. Cooperatives are
regarded as a form of collective action that can help realize food tra-
ceability and thus promote food safety (Narrod et al., 2009). For China,
Jia et al. (2012) find that those agricultural products that are sold to
supermarkets and export firms via cooperatives meet stringent food
safety standards and quality requirements. Products sold directly to
small traders or wholesalers are generally not tested for their safety
(Huang et al., 2008). Our survey data also show that among the 30
households in our sample who had their apples tested for pesticide
residues, 24 households (80%) sold apples to cooperatives. However,
we find that membership of apples cooperatives does not promote
marketing apples through cooperatives. Promoting food quality and
food safety therefore requires more than just promoting cooperative
membership. In particular, current policies aimed at stimulating agri-
cultural cooperatives may use the public health aspects of food quality
improvement to justify a preferential treatment of marketing-oriented
cooperatives.

The number of Chinese agricultural cooperatives has increased
rapidly since 2006. Over 40% of farm households had joined at least
one cooperative by the end of 2015. However, the market share held
by cooperatives is still low. What role cooperatives play in the
changing agricultural markets and how they can benefit both
smallholder farmers and consumers in China are questions that still
need to be further explored. Answers to these two questions not only
concern the food safety of consumers, but also concern Chinese
smallholder farmers’ options in adapting to new high-value added
markets and increasing their incomes. Our research only provides
some first insights into the limited role played by apples cooperatives
in the selling of products. More research is needed, particularly on
the aforementioned two issues, to augment the science-based evi-
dence needed for designing appropriate food policies that stimulate
the role of farmers’ cooperatives in promoting food quality and safety
as well as smallholder incomes.

One potential limitation of our research is that due to data con-
straints, we have only explored the determinants of farmers’ choice
of marketing channels from the perspective of farmers. If we would
have data about buyers and other parties in the value chain, espe-
cially information about the flexibility of each marketing channel,
the services provided and the prices offered by different buyers, we
could use this to gain additional insights into farmers’ choices of
marketing channels. A fruitful future research direction would be to
focus on collecting and analysing such detailed information on
channel characteristics.
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14 Coefficients and standard errors of ESP and 2SLS-LPM are not directly comparable
due to different transformations used. Amemiya (1981) suggested to multiply the probit
coefficients and standard errors by 0.4 (and add 0.5 for the constant) to make them
comparable to LPM parameters.

15 We could also estimate the three different marketing choice equations together as a
system using 3SLS (3SLS-LPM). However, since all three equations contain the same
variables theoretically there is no gain in efficiency (Greene, 2008: 257–258). This was
confirmed when estimating such a system (results available upon request).
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Appendix A. Detailed switch model results and results of robustness checks

See Tables A1–A3.

Table A1
Switch model estimation results corresponding to other two marketing channels.

Variables Small dealers Cooperatives

Coef. S.E. Coef. S.E.

gender 0.396 0.397 0.412 0.377
area 0.039*** 0.013 0.041* 0.022
(area)2 0.000 0.000 0.000 0.001
age 0.001 0.007 0.001 0.007
education 0.045** 0.023 0.045* 0.023
household size −0.001 0.044 0.000 0.044
training 0.130*** 0.029 0.127*** 0.030
skill level 0.249*** 0.077 0.258*** 0.078
region 0.141 0.142 0.151 0.145
apple brokers −0.121 0.128 −0.139 0.129
plots 0.047 0.030 0.052* 0.030
distance 0.003 0.007 0.004 0.007
weather loss 0.105 0.129 0.095 0.131
ex-ante risk1 −0.030 0.040 −0.027 0.040
ex-ante risk2 0.026 0.053 0.021 0.053
during-risk 0.009 0.038 0.010 0.038
ex-post risk 0.047 0.036 0.050 0.037
initiation 0.000 0.102 −0.010 0.109
village cadre 0.235* 0.133 0.221 0.143
_cons −2.234 0.740 −2.279*** 0.730

* Denotes significance at 10%.
** Denotes significance at 5%.
*** Denotes significance at 1%.

Table A2
2SLS-LPM regression results.

Variables Wholesalers Small dealers Cooperatives

Coef. S.E. Coef. S.E. Coef. S.E.

membership 0.557** 0.261 −0.567** 0.248 0.008 0.146
gender 0.047 0.166 −0.057 0.158 0.017 0.093
quality 0.002 0.001 −0.001 0.001 0.000 0.001
area −0.004 0.005 0.002 0.005 0.003 0.003
(area)2 0.000 0.000 0.000 0.000 0.000 0.000
non-farm work 0.116 0.073 −0.136** 0.069 0.019 0.041
specialisation 0.173 0.108 −0.232** 0.103 0.105* 0.060
age −0.003 0.003 0.002 0.003 −0.001 0.002
education −0.005 0.011 −0.006 0.011 0.007 0.006
household size −0.035* 0.018 0.017 0.017 0.020** 0.010
skill level −0.031 0.041 0.006 0.039 0.023 0.023
region 0.118* 0.064 −0.061 0.061 −0.046 0.036
apple brokers 0.204*** 0.055 −0.084 0.052 −0.108*** 0.031
plots 0.013 0.013 −0.018 0.012 0.015** 0.007
distance 0.005* 0.003 −0.004 0.003 0.001 0.002
weather loss −0.038 0.055 0.037 0.053 0.051* 0.031
ex-ante risk1 0.008 0.017 0.013 0.016 −0.010 0.009
ex-ante risk2 0.009 0.022 0.003 0.021 −0.018 0.012
during-risk −0.033** 0.016 0.029** 0.015 −0.008 0.009
ex-post risk −0.014 0.016 0.020 0.015 0.005 0.009
constant 0.061 0.363 0.820** 0.346 −0.111 0.204
No. of observ. 625 625 625

χ2 (Durbin score) 7.128*** 5.008** 0.344

F (Wu-Hausman) 6.956*** 4.870** 0.332
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