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Abstract: Eradicating poverty is a strategic priority in the pursuit of Sustainable Development
Goals. This study intends to identify and quantify the elements affecting the Characteristic
Agriculture Development (CAD) project implemented in area of Chinese poverty and reveals the
interrelationships between those elements. First-hand data for the structural modeling were collected
through semi-structured interviews with a group of selected experts. As a result, this study has
identified seventeen representative elements, and the interrelationships between them have been
examined based on the Interpretive Structural Modeling (ISM) method. Furthermore, these elements
were further categorized into four categories depending on their driving power and dependence
power by using the cross-impact matrix multiplication applied to classification (MICMAC) analysis.
The combination result of the elements identification, ISM modeling and MICMAC analysis provide
a conceptual framework for designing, implementing, and managing CAD projects conducted in
rural China. Finally, we suggest that an appropriate approach should be applied to empower the
poor, promote target group participation, optimize the regional agriculture structure, and increase
the agro value chain competiveness in CAD project implementation.
Keywords: Characteristic Agriculture Development; poverty alleviation; Interpretive Structural
Modeling; rural China

1. Introduction
The world we live in today is marked by high technology and abundant commercial goods.
However, it is also marked by severe poverty and ever greater inequality [1]. Ever since the reform
and opening-up in the late 1980s, China has experienced rapid economic growth accompanied by
dramatic reduction in absolute rural poverty [2,3]. The number of rural poor had fallen to 55.75 million
and the rural poverty incidence dropped to 5.7% by 2015. China made significant contributions to
the Millennium Development Goals achievement on halving the extremely poor population. China’s
commitment to lifting the entire poor population in rural areas out of poverty by 2020 is a crucial step
in implementing the UN 2030 agenda for Sustainable Development Goals.
Chinese agriculture reform aims to enhance the efficiency and effectiveness of agriculture
sector [4]. As the main strategy to boost rural household’s income, agriculture product with
regional features is promoted to increase agriculture revenue and reduce rural poverty by the
Chinese government [5]. Characteristic industry indicates an industry or sector in which one
region has some competitive advantage that can be originated by a variety of factors: e.g., specific
technology and social know-how, natural resources, geographic location, ecological pattern, etc. [6,7].
Owing to the fact that most of the Chinese impoverished population live in remote and mountainous
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areas [8,9], poor communities and their members can benefit from taking advantage of regional special
resources [10]. In this regard, Characteristic Agriculture Development (CAD) has been introduced
and commonly applied in Chinese rural development and poverty reduction. By encouraging
eligible farmer to participate into a profitable and sustainable agro value chain, CAD strategy aims to
promote poor household’s self-accumulation ability and finally help them escape the poverty trap.
Furthermore, Community-Driven Development (CDD) approach and Agro Value Chain Development
(AVCD) approach have been applied in Chinese CAD projects to promote and secure the benefit of
poor households.
Targeting on CAD, this paper identified critical elements in affecting Chinese CAD projects and
investigated the interrelationships between those elements. Our study contributes to the literature in
two respects. First, it raises the awareness of academics and practitioners on CAD, which is the basic
strategy for rural development and poverty reduction around the globe. Second, after identifying a
list of key CAD project elements, we further developed linkages among various elements by using
Interpretive Structural Modeling (ISM) method and the cross-impact matrix multiplication applied
to classification (MICMAC) analysis. Our results provide a unique view to understand Chinese
CAD projects. To achieve the research goal, the ISM method is employed to establish a hierarchical
structure between the elements, and the MICMAC analysis is used to analyze the driving power and
dependence power for each element. The main driver of such an agenda is the belief that effective
CAD project design, implementation, and management can be achieved by understanding the complex
interrelationships between the critical elements.
2. Literature Review
Agriculture development remains the key to rural development and poverty reduction in many
developing countries, notably China [3,11,12]. Structural adjustment is one of the important contents
of Chinese agricultural reform [4]. According to the Chinese Major Function-Oriented Zoning
Policy [13], 357 out of 592 national-level poverty-stricken counties are located in the restricted and
forbidden development zones. Ecological and environmental protections are priorities for those areas.
A nationwide survey covering 2075 poor households in 13 provinces reveals that poor households’
primary income sources are crop planting, animal breeding, and part-time jobs in local areas [8].
Their study also suggests that people who make up the poor population were longing for social
security, agriculture development, occupational training, and low interest loans. By using the CDD
approach and the AVCD approach, Chinese government conducts CAD projects to explore the regional
comparative advantage of poverty areas in agriculture production [4,8,14].
Since the 1990s, governments and international organizations around the world have begun
to adopt a participatory approach to execute development projects on capability-building, access to
infrastructure, and public services, and reducing economic, social and ecological vulnerabilities [15–18].
As a typical kind of participatory approach, the CDD approach departs from traditional poverty
alleviation methods by promoting decentralized rural development, improving project management
efficiency, and encouraging participation of the target group [19]. For a certain CDD project, project
participants are identified as the most influential elements [20]. Their involvements in project selection,
implementation, and monitoring determine the efficiency and effectiveness of the project pro-poor
effect [21,22]. In order to promote the sustainability of CDD projects, stakeholders should be offered
education opportunities to improve their production and management skills [23–26]. Furthermore,
because of the fact that native residences are more familiar with local conditions than foreign workers,
creating an enabling environment and encouraging community engagement would be beneficial for
CDD project implementation [27,28].
Even though CDD approach has been proven as an effective method to revitalize hollowed villages
in traditional agricultural areas of China [29], there are still some issues that need to be addressed in
the Chinese poverty alleviation sector. Comparing with the poverty reduction projects conducted by
NGOs, and research indicates that Chinese government-led CDD projects lack poor households and
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rural community engagements [30]. Evidence from the practice of Chinese poverty alleviation and
rural development suggests the existence of pattern of elite capture of rural community resources [31].
This pattern can also be found in international development projects conducted in Sub-Saharan Africa,
Indonesia, and Nepal [32–34]. Furthermore, rural out-migration and aging of the population have
weakened the strength of collective action among Chinese impoverished communities, especially for
the communities where residents are trapped in chronic poverty [35].
Disadvantaged groups can easily benefit from CAD projects in the short- and medium-term,
but hardly in the long-term [26,36,37]. It has been commonly found that CAD projects in rural
China can hardly sustain themselves without continuous assistance from external sources [38].
The AVCD approach has been applied to improve CAD project sustainability by enhancing regional
agriculture competitiveness in rural China [31,39]. Based on the value chain analysis, researchers
introduced a theoretical framework for sustainable anti-poverty project design, implementation, and
management [40]. Their companion study further proposed a step-by-step approach for upgrading
the agro value chain to improve small producers’ participation [41]. Agriculture industrialization has
been proposed to forge collaborative relationships between major participants in CAD projects [42].
Their study also highlights that project sustainability and the long-term pro-poor effect can be promoted
by using production and marketing contracts and vertical integration methods.
Some other critical factors affecting CAD projects can also be found in the existing literature.
As it can be learned from the CAD practice in Nicaragua, small producers’ livelihood strategies
are limited by the lack of initial input assets [43]. A broad empirical study supports the point that
political, financial, and social supports from external sources are of great importance to conduct
CAD projects successfully [44–46]. In this regard, scholars proposed an asset-based approach for
reconstructing and upgrading the value chain to secure the participation of the target group [47].
Moreover, creation of regional identity can add value to local products [48]. Evidence has been found
in the value-added vegetable production industry in the poverty-stricken counties near the capital
of China [49]. Furthermore, the lack of access to infrastructure and public services in China’s remote
areas limit farmers’ abilities to protect themselves from market failures and natural disasters [39,50].
3. Methodologies
The combination results of the ISM method and the MICMAC analysis can provide a clear profile
of the interactive relationships among specific elements for certain issues [51]. This approach has
already been applied in fields such as the automobile industry [52], the manufacturing industry [53,54],
the carbon emission trading system [55], and others. To achieve the aim of this study, the research
work has been conducted using the procedures explored below.
3.1. Element Identification
The research starts with identifying the representative elements affecting CAD projects in China’s
poverty-stricken areas. In order to conduct a comprehensive investigation of the elements affecting
CAD, the research team conducted content analysis based on a wide range of literature, reports, official
documents, and authoritative websites. Authoritative websites utilized include the Web of Science,
the China National Knowledge Infrastructure database, the Global Poverty Reduction and Inclusive
Growth Portal website, the Global Poverty Reduction Online Knowledge Sharing Database, and the
official website of the State Council Leading Group Office of Poverty Alleviation and Development.
We then conducted semi-structured interviews with a group of selected experts who have sufficient
theoretical knowledge and practical experience on Chinese rural development and poverty alleviation
to assist in selecting the representative elements.
3.2. ISM Method
The major purpose of this stage is to build a hierarchy structure between the representative
elements by employing the ISM method. ISM is an interactive learning process [51]. This technique
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There are three main steps to the ISM method. First, identify the representative elements which
There are three main steps to the ISM method. First, identify the representative elements which
are relevant to the target issue through content analysis and semi-structured interviews with selected
are relevant to the target issue through content analysis and semi-structured interviews with selected
experts. Second, establish a contextual relationship between elements by examining their connection
experts. Second, establish a contextual relationship between elements by examining their connection
with each other. The contextual relationship can be transfer into an initial reachability matrix, and
with each other. The contextual relationship can be transfer into an initial reachability matrix, and then
then further convert into a final reachability matrix. Third, partition the final reachability matrix into
further convert into a final reachability matrix. Third, partition the final reachability matrix into
different levels and present the results for expert modification. The quality of respondents is much
different levels and present the results for expert modification. The quality of respondents is much
important in ISM method than the quantity of respondents [55]. Hence, the interviewees should have
important in ISM method than the quantity of respondents [55]. Hence, the interviewees should have
sufficient knowledge of the focal area.
sufficient knowledge of the focal area.
3.3. MICMAC Anaylsis
3.3. MICMAC Anaylsis
The MICMAC analysis is employed to identify key elements that drive the project by analyzing
The MICMAC analysis is employed to identify key elements that drive the project by analyzing
their drive power and dependence power [58]. The drive power of an element can be obtained by
their drive power and dependence power [58]. The drive power of an element can be obtained by
adding up the number of ones in the rows from final reachability matrix. The dependence power is
adding up the number of ones in the rows from final reachability matrix. The dependence power is
found by summing up the number of ones in the columns. The elements are further classified into
found by summing up the number of ones in the columns. The elements are further classified into
four categories based on their driving power and dependence power: driving elements, dependent
four categories based on their driving power and dependence power: driving elements, dependent
elements, autonomous elements, and linkage elements [54]. The driving element has strong driving
elements, autonomous elements, and linkage elements [54]. The driving element has strong driving
power, but poor dependence power, while the dependent element possesses weak driving power,
power, but poor dependence power, while the dependent element possesses weak driving power,
but strong dependence power. The element with medium driving power and dependence power are
but strong dependence power. The element with medium driving power and dependence power are
classified as the linkage element. The autonomous element represents the element with both weak
classified as the linkage element. The autonomous element represents the element with both weak
driving power and dependence power [59].
driving power and dependence power [59].
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4. The Implementation of CAD in Rural China
In 2014, the Chinese government introduced the Accurate Targeting Poverty Alleviation
Mechanism to further increase the efficiency of rural poverty reduction project. This mechanism
highlights accurate poverty identification, appropriate project arrangement, and scientific
implementation to ensure that the resource and assistance are delivered directly to poverty-stricken
villages and households [8].
Following the Accurate Targeting Poverty Alleviation Mechanism, the CAD project begins with
impoverished household identification. Employing its political and institutional advantages, the
Chinese government selected and assigned grassroots-level officials, local officers from relevant
governmental line agencies, and cadres selected from superior administrations, public institutions,
universities, organizations, and state-owned enterprises to join the Poverty Alleviation Task Force
(PATF). Their mission is to help poor villages and impoverished households out of poverty.
PATF identifies poor households under procedures of the Accurate Targeting Poverty Alleviation
Mechanism. Next, PATF tries to grant poor households access to remunerative technologies,
high-return assets, and livelihood strategies by diagnosing the major issues of all of them. In addition
to farmers and PATF, a New Agriculture Management Entity (NAME) is also a participant of the CAD
project. The NAME includes large-scale farmers, farmer cooperatives, and agriculture enterprises.
They receive preferential policies from local governments and bear the responsibility to secure the
interest of poor households from agro value chain participation. For example, poor farmers are
encouraged to cooperate with agriculture enterprises by pooling their lands and then drawing
dividends on land shares. In the meantime, these farmers are also employed by the NAME to
collect a stable income (e.g., farming, grading, bulking up, and transporting). Additionally, low interest
loans have been provided for impoverished farmers to initiate production jointly guaranteed by the
local government and the NAME.
A well-operated CAD project can not only expand the local agricultural business scale, but also
increase local fiscal revenue. While promoting its own growth, the NAME pays more tax to the local
government. An expanding tax base and an increasing tax revenue allows local governments to provide
better public services and implement a regional marketing strategy (i.e., regional identity creation).
CAD will thus become more inclusive by creating diverse jobs and benefiting poor households in a
broader area.
5. Selection of Representative Elements
Semi-structured interviews with PATF members were organized to further summarize and
select the representative elements. The research team conducted surveys in the Guangxi Zhuang
Autonomous Region and Hubei Province from January to August 2017. As shown in Table 1, the team
interviewed the PATF members and poor households who participated in the navel orange industry in
Jingxi City, the mango industry in Tianyang County, and Tiandong County, the mushroom industry
in Nanzhang County, the kiwi industry in Jianshi County, the nursery stock industry in Xiaochang
County, and the vegetable industry in Macheng City.
Table 1. Investigated areas and CAD project.
Province

City/County

CAD Project

Jingxi City
Tianyang County
Tiandong County

Navel orange industry

Guangxi Zhuang Autonomous Region

Hubei province

Nanzhang County
Jianshi County
Xiaochang County
Macheng City

Mushroom industry
Kiwi industry
Nursery stock industry
Vegetable industry

Mango industry
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As a result, the above efforts led to discussions with 68 PATF members. However, it was found
that 45 of these 68 interviewees had sufficient knowledge of, and experience in, rural development and
poverty alleviation. In the end, the research team managed to obtain support from 35 of these experts
for in-depth interviews. As it is shown in Table 2, average working duration in rural development and
poverty alleviation of the selected experts from all age groups is at least two years. Their opinions are
effective for the ISM modeling and the MICMAC analysis in this research.
Table 2. Expert’s working duration in rural development and poverty alleviation.
Number

Age

Average Duration in Rural
Development (Year)

Average Duration in
Poverty Alleviation (Year)

7
18
10

20–35
35–50
More than 50

5.7
14.5
23.2

2.4
5.8
7.3

Occupation

Number

Local officers
Village cadres
Grassroots-level officials

14
15
6

The research team has carefully analyzed feedback information and made necessary corrections
based upon interviewee responses. A summary of the elements and their definitions are shown in
Table 3.
Table 3. Representative elements and definitions.
Elements

Definition

E1-Project sustainability

CAD project economic, social, and environmental sustainability

E2-Capacity building

Improving participant’s ability on decision-making, production, management, marketing, etc.

E3-Coverage scope

CAD project’s beneficiary groups and regions

E4-Market development

Small business operators’ access to more stable, bigger or higher-value markets

E5-Regional identity creation

Placed-based marketing strategy for advertising the local distinct agricultural products

E6-Project management

Target group identification, project supervision, and evaluation

E7-Information and logistics system

Rural transport and ICT infrastructure

E8-Operation mechanism

Contractual relationships between poor households and the NAME

E9-Productivity

Farmer’s productivity under certain production standards

E10-Farming scale

The area of land used to participate in the CAD project by the farmer

E11-Cooperation between farmers

Collaborative production and mutual aid between farmers within the rural community

E12-Project selection

Stakeholders’ agreement on certain CAD project proposals

E13-Support system

Financial, medical, and agriculture insurance support for the CAD project and its participants

E14-Farmer

CAD project participants

E15-NAME

CAD project participants, including large-scale farmers, farmer cooperatives, and agriculture enterprises

E16-Location

Local natural, geographical, and cultural conditions

E17-PATF

CAD project participant, consisting of grassroots-level officials, local officers, cadres, etc.

As a result, the team identified farmers (E14), NAME (E15), and PATF (E17) as participants of the
CAD project. Before project initiation, the roles and responsibilities of the NAME and PATF should be
specifically defined and agreed on by the participants. Experts from the vegetable industry in Macheng
city pointed out that the PATF is essential for the launch of the project because they are in charge of
the poor household identification. The engagement of the PATF throughout entire project lifecycle is
critical for a successful project implementation. Farmers and the NAME are the main producers in the
CAD project. Their engagement directly exerts an influence on the CAD project sustainability. Financial
and medical support systems in rural China have been upgraded to secure rural development and
poverty alleviation. In this regard, stakeholder’s capacity (E3), project management (E6), cooperation
between farmers (E11), project selection (E12), and support systems (E13) are summarized from the
perspective of CDD approach.
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In a specific CAD project, natural, geographical, and cultural conditions limit the choice of
remunerative crops and farming operations [60]. Basic strategies for upgrading the agro value chain are:
focusing on the stages of production (e.g., delivering larger volumes and matching higher standard),
processing (e.g., invoicing, reducing wastage), transport (e.g., building cool chain, employing air
freight), and marketing (e.g., advertising, developing local food brand) [61–65]. Linking farmers
and the NAME through contract farming is considered as a possible method to secure value chain
participation [66]. Collective action among producers on procedures, including standard production,
deep processing, and regional marketing, can increase revenue and mitigate individual risks. From the
regional perspective, it is also the precondition for developing regional identity. However, concerns on
the ecological and environmental sustainability arise from the increase of mono-cropping and the waste
of natural resources [31]. The conflicts between economic rewards and rural sustainability should be
taken into consideration in project’s ex ante evaluation, especially for those areas located in restricted
and forbidden development zones of China where the priority is ecological and environmental
protection. Attention should also be paid to the changing local social arrangements and labor relations
within the implementation stage [67].
A well-developed CAD project will create diverse employment opportunities. Opportunities for
women and the disabled emerge for grading, bulking produce for sale, and operating e-commerce
when the agricultural industry development reaches a certain level. Cases of this are in Tiandong
County and Tianyang County, located in the Youjiang River Valley area, which is one of the largest
mango industry bases in China with a long history of mango production. Since 1985, the local
government has promoted the mango industry as one of the pillar industries to accelerate rural poverty
eradication. By the end of December 2016, the size of the mango industry had surpassed 120.76 million
mu (1 mu = 0.0667 hectares), with over 46.82 million tons of mango produced, and a total output
value exceeding 28.79 million yuan (approximately 4.5 million USD). The increasing awareness of
regional mango production has led to the area being called ‘Home of Chinese mango’. This regional
identity benefits small producers to a large extent. In 2016, nearly 10% of mangos were sold through
the large e-commerce platforms (e.g., Taobao, Jingdong) and personal e-commerce platform (e.g.,
Wechat). Experts from Tianyang County have suggested that encouraging eligible poor households to
participate in the mango industry is the best choice for poverty reduction in neighborhood areas. At
this time, poor farmers could earn enough to be over the poverty line by cultivating 1 mu of mango
orchard (2016 poverty line = 3000 yuan, approximately $462 USD). This growing industry also provides
more opportunities for women and the disabled in areas such as product classification and assistance
in managing online transactions. In this regard, we identified project sustainability (E1), coverage
scope (E2), market development (E4), regional identity creation (E5), information and logistics system
(E7), operation mechanism (E8), productivity (E9), farming scale (E10), and location (E16).
6. Model and Results Analysis
In this section, the ISM method is applied to establish a hierarchal structure between the
17 representative elements. Moreover, the MICMAC analysis is employed to classify the elements
based upon their driving-power and dependence-power. The application of the ISM method and the
MICMAC analysis is described below.
6.1. Reachability Matrix
We translated expert’s opinions on the contextual relationships between the identified elements
into a binary digit matrix called initial reachability matrix [55]. In the interview, experts responded to
question “Do you think element i directly affects element j” to conduct a pairwise comparison of the
elements. The contextual relationships can, thus, be created. The final results from the experts’ opinions
are based on the principle of “the minority gives way to the majority” since different experts may
have different views on the interrelationship between two elements. We then marked 1 on (i, j) in the
initial reachability matrix if element i has a direct influence on element j. The final result of contextual
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relationships between the 17 representative elements has been translated in initial reachability matrix
in Table 4.
Table 4. The initial reachability matrix between 17 representative elements.
E1
E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E11
E12
E13
E14
E15
E16
E17

E2

E3

1
1
1
1

E4

E6

E7

E8

E9

E10

1

1
1

E11

E12

E13

E14

E15

1

1

E16

E17

1

1
1

1

E5

1

1

1

1

1
1
1
1
1

1
1
1
1
1
1
1

1
1

1

1
1

1

1
1
1
1

1
1

1
1

1
1
1
1
1
1
1
1

1
1

1
1

1
1
1
1
1

1
1
1
1

1

1

In order to reveal the indirect relationships among these 17 representative elements, we further
converted the initial reachability matrix into a final reachability matrix based on transitivity
principle [51]. The final reachability matrix is produced by conducting power iteration analysis
based on the initial reachability matrix, which can tell both element i’s direct [(i, j) = 1] and indirect
[(i, j) = 2] influence on element j. Moreover, considering the fact that each element has impact on its
own, we enter [(i, i ) = 1] into the diagonal line of the final reachability matrix. As a result, the final
reachability matrix is obtained and shown in Table 5.
Table 5. The final reachability matrix between 17 representative elements.
E1
E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E11
E12
E13
E14
E15
E16
E17

1
1
1
1
1
2
2
2
2
2
2
1
2
2
2
2
2

E2

E3

1

E4

E5

E6

1
1
2
1
2
2
1
1
2
2
2
1
1

1
1
1
1
1
2
2
2
2
2
2
2

E7

E8

E9

E10

1
2
1
1
1
1
1
1
1
1

1
1
1
1
2
2
1
1
2
2

1
1
1
1
2
1
1
1
1
2

E11

E12

E13

E14

E15

1

1
1

1

E16

E17

1
1
1

1
2
2
1
1
1
1
1
2
1

1
2
2
1
1
1
1
1
1
1

1
1
2
2
2
2
1
1
2
2
2
1

1

1
1

1
1
1
1

1
2

1
1

1
1

2

1

1

6.2. Level Partition
The element’s reachability set and antecedent set are derived from the final reachability matrix.
The element’s reachability set is composed of the element itself and the other elements it directly
or indirectly helps achieve, whereas the antecedent set consists of the element itself and the other
elements which directly or indirectly help in achieving them [51]. The intersection set includes the
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elements that appear in the reachability set and the antecedent set in the same partitioning period.
The element for which the reachability and the intersection sets are the same occupies the bottom
level in the ISM hierarchy. Bottom level elements will be discarded from the remaining elements in
the next partitioning period. This process is repeated until all the elements’ levels are identified [53].
For example, as it is shown in Table 6, E1’s reachability set and intersection set include the same
element (E1) in the level I partition. In this case, E1 is classified as a bottom level element in the ISM
hierarchy and has been removed from the level II partition in Table 7. Information related to the
procedures of level partition is shown in Appendix A.
Table 6. Level I partition.
Element
E1
E2
E3
E4
E5
..
.
E17

Reachability Set
E1
E1, E2, E4
E1, E3
E1, E4
E1, E5
..
.
E1, E2, E3, E4, E5, E6, E7, E8, E9, E10,
E11, E12 E13, E14, E15, E17

Antecedent Set

Intersection Set

Level

E1, E2, E3, E4, E5, E12, E16, E17
E2, E8, E9, E10, E11, E12, E13, E14, E15, E16, E17
E3, E8, E9, E10, E11, E12, E13, E14, E15, E16, E17
E2, E4, E6, E7, E8, E9, E10, E11, E12, E13, E14, E15, E16, E17
E5, E6, E7, E8, E9, E10, E11, E12, E13, E14, E15, E16, E17
..
.

E1
E2
E3
E4
E5
..
.

I

E17

E17

Table 7. Level II partition.
Element
E2
E3
E4
E5
..
.
E17

Reachability Set
E2, E4
E3
E4
E5
..
.
E2, E3, E4, E5, E6, E7, E8, E9, E10, E11,
E12, E13, E14, E15, E17

Antecedent Set

Intersection Set

Level

E2, E8, E9, E10, E11, E12, E13, E14, E15, E16, E17
E3, E8, E9, E10, E11, E12, E13, E14, E15, E16, E17
E2, E4, E6, E7, E8, E9, E10, E11, E12, E13, E14, E15, E16, E17
E5, E6, E7, E8, E9, E10, E11, E12, E13, E14, E15, E16, E17
..
.

E2
E3
E4
E5
..
.

II
II
II

E17

E17

Based on the level partition results, we generate an ISM-based hierarchy structure between the
17 elements as shown in Figure 2.
As a result, the ISM method classified the 17 elements into eight levels (see Figure 2). Elements
including E1 (project sustainability), E2 (capacity building), E3 (coverage scope), E4 (market
development), E5 (regional identity creation), and E6 (project management) are at the bottom three
levels (I–III) of the ISM hierarchy. It indicates that these six elements are highly dependent on other
elements. There are four elements in the top three levels (VI–VIII). E13 (support system), E14 (farmer),
E16 (location), and E17 (PATF) are the most essential elements affecting the successful implementation
and sustainable development of CAD projects in rural China. In other words, achieving high efficiency
and effectiveness performance by the project manager in addressing these four elements will benefit
rural communities and poor households to a large extent. Elements positioned in inter-medium
level (IV–V) are E7 (information and logistics system), E8 (operation mechanism), E9 (productivity),
E10 (farming scale), E11 (cooperation between farmers), E12 (project selection), and E15 (NAME).
They are affected by the top level elements and will, in turn, exert an influence on the bottom
level elements. Additionally, there are interactions between elements E8 (operation mechanism),
E9 (productivity), and E10 (farming scale) at level IV.
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E8 (operation mechanism), E9 (productivity), and E10 (farming scale).
Autonomous elements: These elements have both weak driving power and dependence power.
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These three elements are positioned at the inter-medium part (IV level) of the ISM hierarchal structure.
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Contracting farming is the most popular agro value chain integration strategy in implementing CAD
projects. It regulates the production standard and, thus, interacts with participant’s productivity and
farming scale.
According to the analysis results from the ISM method and the MICMAC analysis, project
sustainability (E1) has the strongest dependence power and is influenced (directly or indirectly) by
all of the other elements. E2 (capacity building), E3 (coverage scope), E4 (market development),
E5 (regional identity creation), and E6 (project management) are also categorized as the dependent
elements and they are placed on the bottom levels of the ISM hierarchy. If the linkage elements,
like E8 (operation mechanism), E9 (productivity), and E10 (farming scale), can be well-addressed,
it would provide reliable foundations for further building regional reputation and promote the project’s
coverage scope and, thus, improve the economic and environmental sustainability of the CAD project.
The information and logistics system (E7) is the autonomous element identified in this study.
In the survey we found that poor infrastructure conditions in the remote areas limit trading, marketing,
and other critical activities for CAD. In recent years, the boost of e-commerce in rural China bridges
the digital gap between urban and rural areas. Rural information and communication technology
development empowers rural community members and promotes the connection between rural
households and the larger market [72]. E-commerce will play an increasingly important role in rural
development and poverty reduction in the future [73–75].
7. Conclusions and Implications
People who are still left behind may suffer from situations, such as a combination of geographic
barriers, cognitive and physical limitations, and market failures [76]. This paper has highlighted
17 representative elements hindering Chinese CAD projects that pose considerable challenges both for
stakeholders and policymakers. By putting the elements into an ISM model, we obtained a hierarchy to
demonstrate the interactions between them. The representative elements are further classified into four
clusters in a two-dimensional (driving power/dependence power) diagram by applying the MICMAC
analysis. The ISM-based model provides great value to the decision-makers by imposing order and
direction on the complexity of interrelationships among elements affecting CAD projects.
Even though the CDD approach and the AVCD approach have different foci, they share the same
foundation (e.g., participants, natural and geographical conditions, public infrastructure). The CDD
approach treats poverty reduction as a management problem [19]. It empowers the target group
to manage all aspects of the CAD project, including project selection, management, supervision,
and evaluation. Active community engagement increases the poverty alleviation effect by promoting
project efficiency and by ensuring poor households’ revenue security. The AVCD approach, however,
prioritizes problems to address value-chain involvement (e.g., poverty, gender, the disabled) and
conflicts between economic development and environmental protection. It enhances agro value chain
competiveness by building contractual relationships between poor farmers and NAME, promoting
standard production and regional marketing. Both of the approaches enlarge the project’s coverage
scope and promote the sustainability of CAD project.
The ISM hierarchy and the MICMAC result further reveal the interrelationships between the
representative elements. Since the success of each phase carries over to the following phase, project
organizers should pay more attention to the elements in the top levels. Previous research has
demonstrated that aids from external sources have great importance on poverty alleviation project
initiation and management [38,45,77]. Our results support this opinion and further suggest that,
for CAD projects conducted in Chinese rural areas, PATF should go through strict screening on their
recruitment with regard to theoretical knowledge and practical experience on rural development and
poverty alleviation. CAD projects should also be carried out in a democratic and environmentally
responsible manner based on local conditions and with the support from microfinance, healthcare,
and agricultural insurance. Moreover, production and operations management training should be
offered to CAD project participants during and after the project lifecycle.
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Evidence from China, and around the globe, implies that regional identity can add value
to local products and industries, such as rural tourism, may benefit from it as well. Our study
indicates that a positive regional reputation can be built and, in turn, benefit local industry and
community when a CAD project is well developed using the CDD approach and the AVCD approach.
Moreover, the growing local economy increases local revenue, which allows the local government to
improve public services and invest more on rural infrastructure. A virtuous cycle of rural industrial
development can thus be achieved.
Despite the fact that element identification and their interrelationships vary from projects
implemented in different scenarios (e.g., nation, leading organization, and economic and social
environments), and that the ISM model developed in this research is for the elements identified in
CAD projects within the context of China, some generalization of the results is still valuable for rural
development and poverty alleviation programs in other countries. When targeting a specific area,
an appropriate approach should be applied to empower the poor, promote target group participation,
optimize rural agriculture structure, and increase agro value chain competiveness. If problems related
to the elements and their interrelationships can be well-addressed, CAD projects will be expected to
play a vital role in rural revitalization.
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Appendix A
Table A1. List of acronyms.
Characteristic Agriculture Development

CAD

A poverty alleviation strategy emphasizing on regional
distinct agriculture development.

Interpretive Structural Modeling

ISM

ISM method is used to describe complex relationships among
a set of different directly- and indirectly-related elements by
constructing a carefully-designed pattern implying graphics
and words.

Cross-impact Matrix Multiplication
Applied to Classification

MICMAC

MICMAC analysis is used to identify the key factors that drive
the system in various categories.

Community-Driven Development

CDD

A developmental strategy emphasizes on transparency,
participation, participant empowerment, and greater
downward accountability.

Poverty Alleviation Task Force

PATF

CAD project participant, consisting of grassroots-level officials,
local officers, cadres, etc.

New Agriculture Management Entity

NAME

CAD project participant, including large-scale farmers, farmer
cooperatives, and agriculture enterprises.
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Table A2. Level I partition.
Element

Intersection Set

Level

E1

E1, E2, E3, E4, E5, E12, E16, E17

E1

I

E1, E2, E4

E2, E8, E9, E10, E11, E12, E13, E14,
E15, E16, E17

E2

E3

E1, E3

E3, E8, E9, E10, E11, E12, E13, E14,
E15, E16, E17

E3

E4

E1, E4

E2, E4, E6, E7, E8, E9, E10, E11, E12,
E13, E14, E15, E16, E17

E4

E5

E1, E5

E5, E6, E7, E8, E9, E10, E11, E12,
E13, E14, E15, E16, E17

E5

E6

E4, E5, E6

E6, E7, E8, E9, E10, E11, E12, E13,
E14, E15, E16, E17

E6

E7

E4, E5, E6, E7

E7, E16, E17

E7

E2, E3, E4, E5, E6, E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E8,E9,E10

E9

E2, E3, E4, E5, E6, E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E8,E9,E10

E10

E2, E3, E4, E5, E6, E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E8,E9,E10

E11

E2, E3, E4, E5, E6, E8, E9, E10, E11

E11, E13, E14, E17

E11

E12

E1, E2, E3, E4, E5, E6, E8, E9, E10, E12

E12, E16, E17

E12

E13

E2, E3, E4, E5, E6, E8, E9, E10, E11, E13, E14, E15

E13, E17

E13

E14

E2, E3, E4, E5, E6, E8, E9, E10, E11, E14

E13, E14, E17

E14

E15

E2, E3, E4, E5, E6, E8, E9, E10, E15

E15, E17

E15

E16

E1, E2, E3, E4, E5, E6, E7, E8, E9, E10, E12, E16

E16

E16

E17

E1, E2, E3, E4, E5, E6, E7, E8, E9, E10, E11, E12,
E13, E14, E15, E17

E17

E17

E1
E2

E8

Reachability Set

Antecedent Set

Table A3. Level II partition.
Element

Reachability Set

Antecedent Set

Intersection Set

Level

E2

E2, E4

E2, E8, E9, E10, E11, E12, E13, E14,
E15, E16, E17

E3

E3

E3, E8, E9, E10, E11, E12, E13, E14,
E15, E16, E17

E3

II

E4

E4

E2, E4, E6, E7, E8, E9, E10, E11, E12,
E13, E14, E15, E16, E17

E4

II

E5

E5

E5, E6, E7, E8, E9, E10, E11, E12,
E13, E14, E15, E16, E17

E5

II

E6

E4, E5, E6

E6, E7, E8, E9, E10, E11, E12, E13,
E14, E15, E16, E17

E6

E7

E4, E5, E6, E7

E7, E16, E17

E7

E8

E2, E3, E4, E5, E6, E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E8,E9,E10

E9

E2, E3, E4, E5, E6, E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E8,E9,E10

E10

E2, E3, E4, E5, E6, E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E8,E9,E10

E11

E2, E3, E4, E5, E6, E8, E9, E10, E11

E11, E13, E14, E17

E11

E12

E2, E3, E4, E5, E6, E8, E9, E10, E12

E12, E16, E17

E12

E13

E2, E3, E4, E5, E6, E8, E9, E10, E11, E13, E14, E15

E13, E17

E13

E14

E2, E3, E4, E5, E6, E8, E9, E10, E11, E14

E13, E14, E17

E14

E15

E2, E3, E4, E5, E6, E8, E9, E10, E15

E15, E17

E15

E16

E2, E3, E4, E5, E6, E7, E8, E9, E10, E12, E16

E16

E16

E17

E2, E3, E4, E5, E6, E7, E8, E9, E10, E11, E12, E13,
E14, E15, E17

E17

E17

E2
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Table A4. Level III partition.
Element

Reachability Set

Antecedent Set

E2

E2

E2, E8, E9, E10, E11, E12, E13, E14,
E15, E16, E17

E6

E6

E6, E7, E8, E9, E10, E11, E12, E13,
E14, E15, E16, E17

E7

E6, E7

E7, E16, E17

E8

E2, E6, E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E9

E2, E6, E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E10

E2, E6, E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E11

E2, E6, E8, E9, E10, E11

E11, E13, E14, E17

E12

E6, E8, E9, E10, E12

E12, E16, E17

E13

E2, E6, E8, E9, E10, E11, E13, E14, E15

E13, E17

E14

E2, E6, E8, E9, E10, E11, E14

E13, E14, E17

E15

E2, E6, E8, E9, E10, E15

E15, E17

E16

E2, E6, E7, E8, E9, E10, E12, E16

E16

E17

E2, E6, E7, E8, E9, E10, E11, E12, E13, E14, E15,
E17

E17

Intersection Set

Level

E2

III

E6

III

Intersection Set

Level

E7

IV

Table A5. Level IV partition.
Element

Reachability Set

E7

Antecedent Set

E7

E7, E16, E17

E8

E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E8,E9,E10

IV

E9

E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E8,E9,E10

IV

E10

E8, E9, E10

E8, E9, E10, E11, E12, E13, E14, E15,
E16, E17

E8,E9,E10

IV

E11

E8, E9, E10, E11

E11, E13, E14, E17

E12

E8, E9, E10, E12

E12, E16, E17

E13

E8, E9, E10, E11, E13, E14, E15

E13, E17

E14

E8, E9, E10, E11, E14

E13, E14, E17

E15

E8, E9, E10, E15

E15, E17

E16

E7, E8, E9, E10, E12, E16

E16

E17

E7, E8, E9, E10, E11, E12, E13, E14, E15, E17

E17

Table A6. Level V partition.
Element

Intersection Set

Level

E11

E11

Reachability Set

E11, E13, E14, E17

Antecedent Set

E11

V

E12

E12

E12, E16, E17

E12

V

E13

E11, E13, E14, E15

E13, E17

E14

E11, E14

E13, E14, E17

E15

E15

E15, E17

E15

V

E16

E12, E16

E16

E17

E11, E12, E13, E14, E15, E17

E17

Table A7. Level VI partition.
Element

Reachability Set

Antecedent Set

Intersection Set

Level

E13

E13, E14

E13, E17

E14

E14

E13, E14, E17

E14

VI

E16

E16

E16

E16

VI

E17

E13, E14, E17

E17
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Table A8. Level VII partition.
Element

Reachability Set

Antecedent Set

E13

E13

E13, E17

E17

E13, E17

E17

Intersection Set

Level

E13

VII

Intersection Set

Level

E17

VIII

Table A9. Level VIII partition.
Element
E17

Reachability Set
E17

Antecedent Set
E17
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