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Introduction: Natural disasters and the COVID-19 epidemic have caused serious consequences such as long-term disruption and chain reaction to the global supply chain. Global warming caused by a large number of greenhouse gases has accelerated the attention of society to environmental sustainability. Therefore, identifying the transmission path of the factors that affect the green supply chain resilience of agricultural products is the primary task to accelerate the construction of a modern circulation system of agricultural products, ensure market supply and protect the environment.

Methods: Based on the stakeholder theory, this study uses the literature research method to identify 15 factors that affect the green supply chain resilience of agricultural products. Through improving DEMATEL and ISM to study the internal relationship between the influencing factors, build a multi-level hierarchical structure model, and identify the basic transmission process and path of the influencing factors.

Results: The results show that the government’s issuance of environmental policies and the provision of financial subsidies are important driving forces to strengthen the green supply chain resilience of agricultural products; The collaboration capability and business sustainability goals directly affect the green supply chain resilience of agricultural products; Agility, digital infrastructure construction, sustainability beliefs of top managers, public opinion with environment information disclosure and other factors indirectly affect the green supply chain resilience of agricultural products.

Discussion: The conclusion shows that the most important way to guide the green supply chain of agricultural products to develop towards standardization, normalization and sustainability is to guide the organization to set business sustainable goals and strengthen the collaborative cooperation ability of all stakeholders in the supply chain, with the government issuing environmental policies and providing financial subsidies as the driving factors. This study can provide theoretical basis for the government and enterprises to strengthen the green supply chain resilience of agricultural products.
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1. Introduction

Since 2022, climate change has led to the increase of extreme weather, the shortage of nitrogen, phosphorus and potassium fertilizers caused by the conflict between Russia and Ukraine, and the supply chain disruption caused by the COVID-19, warning the vulnerability of the global food supply system. According to State Information Center (In China), China's supply chain breaking accidents cause about 12 million tons of fruit and 130 million tons of vegetables to be wasted every year, resulting in economic losses of more than 100 billion yuan.1 Behind this is the problem of the resilience of the agricultural product supply chain. The perishable and difficult to store characteristics of agricultural products not only bring huge economic losses to the agricultural industry, but also cause great pollution and damage to the air and ecological environment by methane and other gasses generated by decay. In the face of the deteriorating ecological environment, the public has expressed strong concern about it (Xia et al., 2022). Consumers, governments and enterprises have formed green thinking in the supply chain (Ayyildiz, 2021). Organizations are facing increasing pressure from stakeholders and are incorporating environmental sustainability measures into their supply chain management practices (Fahimnia et al., 2018). Therefore, it is necessary to study the green supply chain resilience of agricultural products (APGSCR) in this paper.

Green practice is a basic component of green supply chain management (Sarkis, 2003) but due to organizational objectives, resilience must be considered when formulating environmental sustainability strategies (Mohammed, 2020), because resilience will improve the stability of the supply chain (Rajesh, 2021). Scholars often use resilience to measure the sustainable state of the supply chain after being impacted. Christopher (2012) defined supply chain resilience (SCR) as “the ability of the supply chain system to recover to its original state or better state after interruption” (Sarkis, 2003). Cabral et al. (2012) proposed the Lean, Agile, Resilient and Green (LARG) paradigm as early as 2012. The existing literature extensively discussed the visibility (Kochan and Nowicki, 2018), inter-organizational knowledge sharing ability (Zhao et al., 2017), supply chain collaboration (Christopher, 2012), supply chain risk management culture (Zhao and Huchzermeier, 2018) and flexibility (Smith et al., 2015). However, many scholars are limited to selecting several secondary influencing factors to analyze SCR. Few scholars systematically summarize these influencing factors into a complete system to explore which are the key factors and whether there is a causal relationship between the factors. Globalization and the increase of environmental standards and regulations of governments and non-governmental organizations require that suppliers must have strong technical capabilities to ensure quality standards and reduce risks (Malek et al., 2017). However, the high cost of adopting green technologies has hindered the process of enterprises to develop green supply chains. Although some scholars have studied that government subsidies for green products with environmental attributes can promote enterprises' adoption of green technologies and their consumption in the end market (Cohen et al., 2016), they have not put forward a clear evaluation dimension, so the research on the factors affecting APGSCR is still an outstanding issue.

In the past few years, the author found that most of the evaluation indicators of SCR by domestic and foreign scholars are based on the time sequence before, during and after the supply chain interruption, and discussed around the four dimensions of “prediction, response, adaptation and recovery”. Based on this, this paper expands the new dimension of sustainability and summarizes a complete set of evaluation index system on the basis of the proposed evaluation index system of supply chain resilience factors. Integrate the “DEMATEL-ISM” model, use Gray to process first-hand data, use DEMATEL to analyze the importance and causal relationship of various influencing factors, build a multi-level hierarchical structure model by ISM, analyze the hierarchical relationship between various factors, and deeply explore the impact mechanism of the factors affecting APGSCR, so as to provide an important theoretical basis for the sustainable development of the green supply chain of agricultural products.



2. Literature review

In the past few years, many scholars have studied the resilience of the supply chain to formulate supply chain management strategies. The authors find that most of the evaluation indicators of the influencing factors of SCR by domestic and foreign scholars are based on the time sequence before, during and after the interruption of the supply chain, focusing on the four dimensions of “prediction, response, adaptation and recovery,” so as to build a more resilient supply chain. Therefore, based on the improvement of the existing indicator system of “prediction, response, adaptation and recovery,” this study expanded the dimension of “sustainability.” A total of 188 articles were retrieved from Bing Academic, Google Academic, Web of Science and other databases. After screening these articles using the framework of “prediction, response, adaptation, recovery and sustainability,” with only 48 articles remained, among which 15 influencing factors were identified. In this section, a brief overview will be given.


2.1. Existing influencing factor indicators


2.1.1. Predictive ability

Today, supply chains are becoming more complex, as well as more vulnerable to disruption, as they operate at high speeds in the global marketplace and as markets continue to change, increasing demand volatility (Cardoso et al., 2015). Therefore, in today's unstable business environment, an organization's awareness of risk perception is very important (Zhao et al., 2017). Agricultural products are easy to corruption, difficult to store and strong cyclical products. The higher the accuracy of enterprises in predicting demand and risk, the more conducive to improving the resilience of agricultural supply chain (Zhao et al., 2017). And through creating a risk management culture in the organization, the resilience of the supply chain will be enhanced, which has an important impact on organizational survival in supply chain disruptions (Christopher and Peck, 2004). In the era of globalization where organizations are vulnerable, information processing capabilities play an important role in reducing risk to address supply chain disruptions (Fan et al., 2016), and the level of information technology in enterprises, cooperatives and farmers plays a key role in the accuracy, timeliness and effectiveness of forecasts, which can be assessed in terms of both the efficiency of organizational information exchange and the construction of exchange platforms. Therefore, improving the level of organizational informationize, grasping and controlling information connectivity, resource availability and traceability (Dubey et al., 2019) can largely avoid and reduce the impact on the supply chain when risks occur, and improve the resilience of the supply chain. Therefore, under the predictive capability dimension, the organization's risk awareness and information technology level are conducive to improving APGSCR.



2.1.2. Responsiveness

The characteristics of agricultural products requires that the quality of the product is maintained at all times throughout the entire process from where it is produced to the end customer. A high level of collaboration between agricultural supply chain entities is therefore necessary (Rajesh and Ravi, 2015), and collaboration can reduce uncertainty by allocating risk, such as IKEA's requirement that its suppliers maintain an environmentally friendly attitude, integrated with IKEA's environmental strategy (Bian, 2011). Thus information sharing, collaborative communication, mutually created knowledge play an important role in improving the APGSCR (Thomas and Mahanty, 2018). When risk occurs, Soni et al. (2014) identified agility as one of the most important factors of SCR. Agility in terms of supply chains can be defined as the ability of supply chain managers to quickly and efficiently reconfigure their internal supply chains to adapt to changing demand and supply market conditions (Dubey et al., 2019). Sullivan-Taylor and Branicki (2011) used organizational theory to explore the SME resilience factors and found that agility was considered an important capability and received significant support from decision makers in 11 SMEs.



2.1.3. Adaptability

The ability to respond quickly to market demand in critical situations is an important determinant of SCR, and excess inventory and capacity are often considered wasteful and undesirable when designing supply chains, yet strategic excess inventory and product substitutable capacity are important to create SCR in the face of bottlenecks (Gani et al., 2022). Creating buffer stocks through excess capacity and precautionary inventories at all supply chain stages is not recommended, but they must be used strategically and selectively to create SCR (Azevedo et al., 2013). In the era of green supply chains, big data analysis and supply chain analysis provide a competitive advantage in describing organizational capabilities, where organizations collect, store and process data (Hazen et al., 2016; Acharya et al., 2018), thus enabling managers to make efficient and effective decisions related to the business and its related operations (Dubey et al., 2019). However, in order to reduce information lead times and improve the reliability of information, organizations need to support infrastructure development and process management that enables them to quickly access, process and analyze Big Data (Hazen et al., 2014). Therefore organizations implementing strategic inventory redundancy, ensuring product substitutability and enhancing digital infrastructure will achieve sustainability and innovation at the paradigm, ecological and social levels and enhance APGSCR.



2.1.4. Restore ability

Restore ability refers to the ability of the supply chain to absorb and adapt to interference, maintain its normal performance level, and take a series of measures to quickly restore the desired state of the supply chain (Li et al., 2017). The three specific indicators include financial reserves, learning capacity and resilient resources. Financial reserve refers to a company's market share and economic strength, which plays a crucial role in whether the supply chain can return to its original state or better. Companies with financial advantages can substitute other resources needed to restore the supply chain in a shorter period of time, and also motivate participants in the supply chain to complete their tasks more effectively (Lu et al., 2022), enabling the supply chain to return to normal levels as soon as possible. Learning ability is another effective tool to improve the SCR. Effective learning will improve the corrective ability of the organization, because learning is very important for dealing with fuzzy problems in dynamic systems (Dolgui et al., 2017). It can be expanded in terms of learning ability and joint ability of individuals and organizations to cope with risks (Hosseini et al., 2019). Also, resilient resources determine the timing and efficiency of recovery, that is, the speed at which firms can drive recovery by building reliable social capital (Folke et al., 2010). It can be extended in terms of the amount of experience accumulated in response to risk, the capital of actively accumulated social relationships and the ability to apply risk experience (Kochan and Nowicki, 2018). For example, in the midst of a crisis, a good relationship between the firm and the government can allow the government to open up green lanes for the firm in terms of transport and communication systems.




2.2. Sustainability

The concept of green supply chain management is to eliminate or minimize the losses (energy, greenhouse gasses, solid wastes, etc.) in the supply chain (Shibin et al., 2018). Green technology refers to the processes and technologies that reduce the consumption of materials and energy. Only by adopting new technologies can suppliers maintain quality standards and reduce risks (Malek et al., 2017). Therefore, adopting green technology can enhance the sustainability of green supply chain (Xia et al., 2022). The adoption of green technology is affected by external factors including environmental policies, suppliers, consumers, competitors, non-governmental organizations, etc. (Mancheri et al., 2019), as well as internal factors including enterprise characteristics, organizations, technology and environmental strategies (Ahi and Searcy, 2013; Jayaram and Avittathur, 2015).

Extremely dispersed individuals in the society may gather quickly because of their common interests or values. They force governments, businesses, and social organizations to listen to their “voices” by expressing opinions or taking action (Askari Sichani and Jalili, 2017). Therefore, through public opinion to oppress enterprises to accelerate the adoption of green technology and pay attention to enterprise environmental benefits can enhance the sustainability of enterprises. At the same time, the government adheres to the environmental policy and encourage enterprises to adopt green technologies for a long time (Shen et al., 2020). The financial subsidies for green development will help enterprises achieve sustainable operation (Wang et al., 2017), overcome the price disadvantage and improve the green enthusiasm of consumers (Nie and Yang, 2016). Therefore, the government's environmental policies and financial subsidies are powerful factors for enterprises to adopt green technologies and develop sustainable supply chains.

Certainly, as decision makers in an organization, the psychological state and values of top management are a key influence on the sustainability strategy of the business (Dubey et al., 2016), and their beliefs and commitments are the main drivers of organizational decision making and strategy (Xia et al., 2022). Studies have shown that the psychology and behavior of decision makers and technical staff are significantly related to the characteristics and style of the technology adopted (Li et al., 2019). Therefore, the sustainability beliefs of top management should be an important factor in enhancing the sustainability of the supply chain. In addition, in recent studies, some scholars have proposed that the sustainability index included in business operation is a signal for enterprises to adopt green technology. One of the most compelling “business case” reasons for adopting a green supply chain is the issue of maintaining business continuity. For example, Wal-Mart uses green and sustainable supply chain practices to maintain a continuous seafood supply (Fahimnia et al., 2018). So in the face of growing public concern, companies can develop sustainability indicators within business performance management to facilitate the implementation of sustainable business.



2.3. Existing research methods for influencing factors of SCR

In the research on the influencing factors of supply chain, AHP, DEMATEL, ISM, and TOPSIS have been widely used. The main principle of DEMATEL is to build a direct impact matrix and a comprehensive impact matrix by analyzing the causal relationship between various influencing factors in the system, determine the centrality and cause degree, and simplify the complex relationship (Gani et al., 2022). ISM is a structural modeling algorithm that studies the relationship between the influence and the affected of various elements in a complex system, clearly reflects the internal structure of the system, and uses directed graphs and matrices to discover the main factors and their internal relations (Peng et al., 2022). These two algorithms can complement each other. DEMATEL is used to define the hierarchy and structure of influencing factors, ISM is used to determine the internal logical structure of each element of the system.

For example, Roostaie and Nawari (2021) used DEMATEL to discover whether and to what extent the integration of resilience into sustainability assessment tools contributes or competes against the overall sustainability of buildings, and found that Efficient Operation and Maintenance, and Energy Efficiency are the factors that contribute the most to the sustainability of buildings. Jafari-Sadeghi et al. (2021) identified specific factors affecting the internationalization of small and medium-sized enterprises in emerging markets through ISM, and studied the problem of insufficient micro-basic research in specific environments.

Generally speaking, the data required by DEMATEL-ISM are obtained through expert interviews, but these data are subjective. Therefore, some scholars add fuzzy data method to reduce the subjectivity of the original data. Gray number refers to a number that only knows its value range but does not know its exact value. Its value range can be an interval or a general number set. Academics often use the Gray number fuzzy concept in the gray number system theory to solve uncertain attribute decision-making problems. Its main advantage is to use the Gray interval rather than an exact value when making decisions, so that the decision results are closer to reality.

Therefore, this paper will integrate the advantages of the three algorithms, and use gray number to process the data fuzziness to reduce the subjectivity of the data. The integrated interpretability algorithm model is constructed by DEMATEL-ISM, which not only clarifies the importance of the factors of the APGSCR, but also forms a hierarchical and structured multi-level hierarchical explanation structure model, and explores the diffusion behavior path of the resilience influencing factors (Table 1).



TABLE 1 The evaluating indicators in green supply chain resilience of agricultural products.
[image: Table1]




3. Materials and methods

This study adopts a combination of qualitative and quantitative methods. First of all, a series of key influencing factors are determined by literature review qualitative method. Secondly, the gray number method is used to process the data, and DEMATEL calculates the causality and centrality of the influencing factors. Finally, a hierarchical model of influencing factors of urban elasticity is established using ISM method. The overarching framework of this study is presented in Figure 1.

[image: Figure 1]

FIGURE 1
 The overarching framework of this study.



3.1. Determining the relationship between influencing factors


3.1.1. Establishment of gray direct relation matrix

1. Stakeholder theory holds that the decisions and goals of an organization are highly influenced by the perceptions of multiple stakeholders, whereas stakeholders refer to any group or individual affected by the achievement of the organization's goals. Therefore, this study invited experts in the field of logistics and cold chain to score the influencing factors identified this time, a total of 20 people, representing different stakeholders, scoring the relationship between factors, forming twenty 15 × 15 initial matrix. According to the reference to the existing literature (Si et al., 2018; Rajesh, 2020), the five level gray semantic scale is determined as shown in Table 2. If the expert thinks that factor i has no impact on factor j, the expert will score 0, and the corresponding interval gray number is [0, 0]. If factor i has a light impact on factor j, the expert will score it as 1 point, and the corresponding interval gray number is [0, 0.25] and so on. According to the gray number theory, the twenty initial matrices scored by experts are transformed into six interval gray number matrices X1, X2,…, X20. If expert 1 scores x12 as 3 points, then in the corresponding gray number matrix X1, x12 = [0.5, 0.75], and note that the interval gray numbers on the diagonal are all [0, 0].

2. Based on the comprehensive consideration of the different research fields and research levels of experts, the different degrees of mastery of the research fields, reference resources (Peng et al., 2022) gives each expert fuzzy interval gray weight according to the importance of experts, and the weight semantic scale is shown in Table 3. Among them, experts 1-5 are given [0.7, 1.0], experts 6-10 are given [0.5, 0.9], experts 11-15 are given [0.4, 0.7], and experts 16–20 are given [0.3, 0.5].



TABLE 2 Expert semantic variables.
[image: Table2]



TABLE 3 Semantic variables of expert weights.
[image: Table3]



3.1.2. Calculation of direct impact matrix


3.1.2.1. Standardization and clarity of gray number matrix

Standardize and clarify the 20 gray number matrices. The method of CFCS (Converting Fuzzy data into Crisp Scores) is used to translate the fuzzy data (interval gray numbers) into clear values (specific values), and the gray number matrix is standardized and clarified.

Use formula (1) to calculate the upper and lower limits of the standardized gray number.

[image: image]

And then use formula (2) to convert the standardized gray number into the clear value, and obtain the direct influence matrix Zk (k = 1, ···, 20) of each expert's clear value (a total of 20 clear matrices, for example, Z1 represents the direct influence matrix of expert 1's clear value).

[image: image]

In the formula, the symbol ⨂ represents the gray number, [image: image] is the upper limit of the standardized gray number in row i and column j of the k-th gray number matrix; [image: image] is the lower limit of the standardized gray number of the j column in the i row of the k-th gray number matrix; [image: image] is the upper limit of expert k original score converted into interval gray number; [image: image] is the lower limit of expert k original score converted into interval gray number. [image: image] is the maximum value of the upper limit of the interval gray number scored by k different experts on the influencing factors in row i and column j, [image: image] is the minimum value of the upper limit of the interval gray number scored by k different experts on the influencing factors in row i and column j. [image: image] is the clear value after clarification, and [image: image] is the final clear value.



3.1.2.2. Clear processing of expert weight

Standardize and clarify the interval gray weight of each expert by using formula (1) and formula (2) to obtain the clear value of expert weight. And calculate the direct influence matrix Z after considering the weight by using formula (3), as shown in Table 4.

[image: image]



TABLE 4 The direct influence matrix Z.
[image: Table4]




3.1.3. Calculation of comprehensive impact matrix

In order to obtain the comprehensive influence matrix of the resilience influencing factors of the green supply chain of agricultural products, the standardized matrix A can be obtained by calculating the direct influence matrix Z according to the following formula (4):

[image: image]

On the basis of the normalized matrix A, the comprehensive influence matrix B of the influencing factors of APGSCR is obtained through the following formula (5), B = (b ij) 15 × 15 (Table 5):

[image: image]

I is the 15 × 15 identity matrix.



TABLE 5 The comprehensive impact matrix B.
[image: Table5]



3.1.4. Calculation of influence degree, affected degree, cause degree, and centrality

The influence degree fi refers to the influence of each influencing factor on other factors in the system. Affected degree m j refers to the influence of other factors in the system. The centrality zi indicates the importance of each influencing factor in the system. The cause degree yi indicates the degree of interaction between various influencing factors in the system (if the cause degree is positive, it indicates that the influencing factor mainly affects other factors, which is a reason factor; if the cause degree is negative, it indicates that the influencing factor is mainly affected by other factors, which is a result factor). Add the elements in each row of the comprehensive influence matrix B to obtain the influence degree f i. Add the elements in each column of the comprehensive influence matrix B to get the affected degree mi, and the difference between the affected degree and the affected degree is the cause degree yi. The sum of the two is the centrality zi, and the specific calculation formula is as follows formula (6):

[image: image]

The influence degree, affected degree, centrality and cause degree are calculated according to the above formula (6), and the results are shown in Table 6. Figure 2 presents the “centrality cause degree” curve of each influencing factor in Cartesian coordinate system.



TABLE 6 Influence degree, affected degree, cause degree and centrality.
[image: Table6]

[image: Figure 2]

FIGURE 2
 The Cartesian coordinate system of centrality cause degree.





3.2. Using ISM to establish multi-level hierarchical structure model


3.2.1. Establishment of reachability matrix

Due to the lack of consideration of factors on their own influence in the comprehensive influence matrix, it is necessary to obtain the overall influence matrix C of the system by the following formula (7), C=(cij) 15× 15:

[image: image]

I is 15 ×15 identity matrix.

Set the threshold value λ according to the overall influence matrix C of the system, small influencing factors can be discarded to simplify the system structure. However, if the threshold value λ is too large, the system structure is too simplified, and the influence relationship between factors is difficult to measure. But if the threshold value λ is too small, the system structure is so complex, and the influence relationship between factors is too complicated. Therefore, the threshold value λ set to respectively λ = 0.05, λ = 0.07, λ = 0.10, and λ = 0.15, calculate the sum of the values of the row and column of each factor in the reachability matrix, that is the node degree of the factor, as shown in Table 7. The node degree decay line graph is obtained from the descending order of the node degree under the four values of λ, as shown in Figure 3. The analysis results show that when λ is 0.10 and 0.05, the node degree of the influencing factors changes shortly. When λ is 0.15, the variation range is relatively small. After screening, this paper selects λ is 0.07.



TABLE 7 The node degree of the factor.
[image: Table7]

[image: Figure 3]

FIGURE 3
 Node degree attenuation scatter plot.


The reachability matrix D of influencing factors of APGSCR is calculated according to the following formula (8), as shown in Table 8.

[image: image]



TABLE 8 The reachability matrix D.
[image: Table8]



3.2.2. Establishment of multi-level hierarchical structure model

From the reachability matrix D, the reachability set M (Zi), the antecedent set N (Zi) and the common set O (Zi) of the influencing factors of APGSCR can be obtained according to the following formula (9):

[image: image]

Among them, the reachable set is a set of all influencing factors that can be reached by the influencing factor Zi in the reachable matrix D. The antecedent set is a set of all influencing factors that can reach Zi in the reachability matrix D. Common set is the intersection of reachable set and antecedent set. Li is used to refer to the influencing factors of layer i. The following formula (10) can be used to divide each influencing factor in the reachability matrix D into different levels. The specific division process is shown in Tables 9–11.

[image: image]

According to the above division results, the multi-level hierarchical structure model diagram of influencing factors of APGSCR is obtained, as shown in Figure 4.



TABLE 9 The first level division.
[image: Table9]



TABLE 10 The second level division.
[image: Table10]



TABLE 11 The third and fourth level division.
[image: Table11]

[image: Figure 4]

FIGURE 4
 The diffusion network of the influencing factors of green supply chain resilience of agricultural products.






4. Result analysis and discussion


4.1. Factors analysis


4.1.1. Cause factor analysis

If the cause degree is greater than 0, it indicates that the factor has a great influence on other factors, which is called the cause factor. It can be seen from Figure 1, that informationize Level Z1, Risk Awareness Z2, Material Redundancy Z5, Substitutability Z6, Learning Ability Z9, Public Opinion with Environment Information Disclosure Z11, Environmental Policy Z12, and Financial Subsidies Z13 are the cause indicators in the influencing factor system of APGSCR, which are ranked in descending order as Z12>Z13>Z11>Z9>Z2>Z1>Z6>Z5. We can find that Environmental Policy and Financial Subsidies have a high degree of cause, that is, these two factors will have a greater impact on other factors and are the main cause factors. At the same time, these two factors are related to the government, indicating that local government behavior is the key to enhance the resilience of the green supply chain of agriculture products.

From the perspective of cause factors, if the government issues a series of environmental policies, it will urge enterprises to take relevant green activities to complete the indicators and improve the attention of enterprises to the environment. At the same time, if the government gives corresponding financial subsidies to ease the financial difficulties of enterprises in adopting green technologies, reduce the price of green products purchased by the public, it will stimulate their consumption, it will ultimately promote the resilient development of the entire green supply chain (Nie and Yang, 2016).



4.1.2. Result factor analysis

If the cause degree is less than 0, it indicates that other factors have a great influence on the factor, which is called the result factor. It can be seen from Figure 1, that Agility Z3, Collaboration Capability Z4, Digital Infrastructure Construction Z7, Financial Reserve Z8, Resilient Resources Z10, Sustainability Beliefs of Top Managers Z14, and Business Sustainability Goals Z15 are the result indicators in the influencing factor system of APGSCR, and their absolute values are in the order of Z15>Z4>Z3>Z7>Z14>Z8>Z10 from large to small. Among them, Business Sustainability Goals and Collaboration Capability are the most vulnerable factors to be affected by other factors, which are the main result factors affecting the APGSCR.

From the perspective of result factors, when enterprises set business sustainability goals, they will be prompted to adopt green technologies to ensure the green development of the supply chain, so as to meet government requirements and public appeals, thus directly enhancing the APGSCR. In addition, the whole process of agriculture products from the place of production to consumers involves too many uncertain factors and uncontrolled personnel, so strengthening the cooperation ability between various entities of the supply chain plays a key role in enhancing APGSCR (Kamalahmadi and Parast, 2016).



4.1.3. Factor importance analysis

The centrality indicates the position and role of this factor in the influencing factor system of APGSCR. The greater the centrality value, the greater the restriction of this factor on decision-making. The order of factors' centrality from large to small is Z15>Z3>Z12>Z1>Z4>Z14>Z7>Z13>Z11>Z2>Z6>Z10>Z9>Z8>Z5. Among them, Business Sustainability Goals Z15, Agility Z3, Environmental Policy Z12, Informationize Level Z1, Collaboration Ability Z4, and Sustainability Beliefs of Top Managers Z14 are the most important six factors affecting the APGSCR. In order to promote the green development of enterprises, the government will often introduce a series of environmental policies, which may promote the top managers of enterprises to establish a sustainable belief, so as to establish sustainable business objectives for the company. Therefore, enterprises will strengthen their informationize level and green technology investment (Del Río González, 2005), so as to improve the collaborative ability and agility of each stakeholder in the supply chain.




4.2. Hierarchical analysis of factors

It can be seen from the multi-level hierarchical structure model of influencing factors of APGSCR (Figure 3), that the influencing factors of they are divided into four levels: L1 is the top level of the hierarchical hierarchy model, and the top level indicators include Collaboration Capability Z4 and Business Sustainability Goals Z15, which are the direct level to form and enhance the APGSCR. As the middle layer of the hierarchical model, L2 and L3 are the transitional layers to improve the APGSCR. They play a connecting role in the whole system. The middle layer indicators affect the whole system through the top-level indicators, and are directly affected by the lower layer indicators. Among them, L2 indicators include Agility Z3, Digital Infrastructure Construction Z7, Resilient Resources Z10 and Sustainability Beliefs of Top Managers Z14. L3 indicators include Informationize Level Z1, Risk Awareness Z2, Material Redundancy Z5, Substitutability Z6, Financial Reserve Z8, Learning Ability Z9, and Public Opinion with Environment Information Disclosure Z11. The L4 layer is at the bottom of the hierarchical model, which is the basic layer to form the APGSCR. The bottom indicators include Environmental Policy Z12 and Financial Subsidies Z13, which play a fundamental role in affecting the APGSCR in the whole system, and affect the middle and top indicators in various ways, thereby affecting the entire system.

There are multiple influence mechanisms in the multi-level hierarchical structure model. According to the influence level of ISM model, it can be divided into three mechanisms: dominant mechanisms, other deep level factor influence mechanisms and non-deep level factor influence mechanisms.

The dominant mechanisms is the influence mechanisms starting from the fundamental influencing factors. For example, Z12-Z11-Z14-Z15 or Z13-Z1-Z7-Z4, the government issues environmental policies to attract public's attention to the environment (Kardooni et al., 2018), generate public opinion and stimulate the risk awareness of enterprises, thus stimulating top managers to establish sustainable beliefs and business sustainability goals (Li et al., 2017), and ultimately strengthening the enterprise's APGSCR, which is the main mechanisms to achieve APGSCR. However, some outcome indicators that cannot be affected by the basic factors can be indirectly affected by the peer cause indicators, and then affect the higher factors, thus affecting higher level factors, such as Z12-Z2-Z8-Z3-Z4. The government releases environmental policies to improve the risk awareness of enterprises, and enterprises will leave more surplus funds in the annual after tax profits to provide security for enterprises to recover quickly and quickly in crisis events, and enhance the resilience of the supply chain to deal with crisis events.

There are also many influence mechanisms of other deep level factors, which refer to the influence mechanisms starting from the sub bottom level factors, such as Z8-Z7-Z4. Through independent learning, enterprises strengthen the construction of digital infrastructure, ensure the transparency, security and traceability of the entire supply chain through 5G, artificial intelligence, block-chain and other technologies, reduce the deterioration of the supply chain caused by blocked information or malignant behavior (Hazen et al., 2014), and let all stakeholders take the green supply chain approach to production and service activities in a way that causes minimal damage to nature, high level cooperation can improve SCR.

The influence mechanisms of non-deep level factors mainly refers to the influence mechanisms of other level factors, such as Z14-Z15 or Z3-Z4. However, this mechanisms has high requirements for enterprises. First of all, top managers of enterprises need to independently establish business sustainability goals without any stimulation, so that all relevant departments of enterprises can adopt green technologies to ensure the green development of the enterprise's supply chain. Secondly, enterprises are also required to establish risk awareness in their daily life and strengthen the APGSCR by integrating green suppliers (Jüttner and Maklan, 2011).

To sum up, in order to improve the APGSCR more quickly and efficiently, the government should take the lead in issuing policies and measures such as environmental policies or financial subsidies, guide the green supply chain of agriculture products to the direction of standardization, normalization and sustainability, and improve its resilience to deal with risks, which is the most effective mechanisms. At the same time, top managers of enterprises should strengthen their belief in sustainability and establish their business sustainability goals, improve the level of supply chain informationize and strengthen the construction of digital infrastructure, so as to enhance the coordination and cooperation ability among various entities of the supply chain. Finally, enterprises should have a certain amount of capital reserves to ensure that they can have a certain amount of inventory or alternative products in critical moments (Ahmadi-Javid and Hoseinpour, 2018), so that the agricultural product supply chain can maintain a high degree of agility in the crisis, so as to achieve the healthy development and high APGSCR.




5. Conclusion and implication

Based on the stakeholder theory, this study innovatively introduces the “sustainability” evaluation dimension through the literature research method, and summarizes a complete “5-15” APGSCR evaluation index system, enriches the literature in the field of sustainable development of agricultural product supply chain. Gray improved DEMATEL-ISM to reduce the subjectivity of data, studied the correlation between various influencing factors, and established a multi-level hierarchical structure model of influencing factors of APGSCR, providing theoretical basis for agricultural logistics enterprises to improve the APGSCR.

This study also analyzed the mechanisms of influencing toughness through the relationship between the influencing factors of APGSCR, explained the basic transfer mechanism with hierarchy, and explored the influence diffusion mechanisms between elements with hierarchical network. Here, by analyzing the dominant mechanisms, other deep level factor influence mechanisms and non-deep level factor influence mechanisms, the impact diffusion mechanism of APGSCR and its application in operation management are theoretically promoted. The influence diffusion mechanisms involving stakeholders will help senior managers to formulate a green supply chain strategy in the enterprise. For government organizations, we can promote them to formulate reasonable and effective green laws and regulations to promote sustainable development.

However, this study still has several limitations. First, although a systematic framework has been constructed in this article, there is still a possibility of missing attributes, which needs to be further explored in future research. Second, the research is based on the questionnaire data from experts. Although Gray theory is used to address linguistic preferences of experts, there are still some errors that are difficult to eliminate, which may have a certain impact on the results. Third, the study on the influence path is only a further discussion after this paper based on factor analysis. The specific most important influence path still needs to be proved by future data. Finally, the results of this paper have yet to be verified and supplemented in practice. Future research should focus on solving the above problems and constantly improve the thinking of entrepreneurship education.
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