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Abstract

:

The high cost of operation and severe competition in the agri-food e-commerce market make it hard for the small and medium agri-food enterprises (A-SMEs) to operate cost-efficiently and in a sustainable manner. This paper seeks to organize A-SMEs to develop a cooperative organization via collaborative strategies and alliance structures, named as the home-delivery-oriented agri-food supply chain (HASC) alliance, to form a substantive relationship to gain a stable foothold in the emerging e-commerce market. A theoretical framework of the HASC alliance is built with its organizational structure and schematics of the process of implementation strategies that cover the aspects of last-mile chain extension, food transportation, and production/distribution control. Furthermore, a three-step analytical method is proposed to analyze the performance of the alliance with the aim to provide appropriate strategies to hedge against the potential risks of cooperation instability. A hypothetical case is conducted, and the results show that: (1) the performance of the hypothetical HASC alliance with time shows significant variation in the beginning, but it gains stability with the application of stability control strategies; (2) the cooperation stability of HASC alliance is very sensitive to the performance of the strategies that control the customer and environment variations; (3) the factors of trust and market fluctuation have higher effects on membership and environmental stability, respectively; (4) the minimum and maximum cost ranges of control strategies at which the alliance can maintain its stability and performance are 5% and 29%, respectively, of the total operation cost.
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1. Introduction


In recent years, consumers have increasingly demanded high-quality, healthy/green, readily available, and widely varied agri-food products, resulting in the rapid growth of the agri-food e-commerce (AE) market. Consequently, small and medium agri-food enterprises (A-SMEs) have begun to promote their agri-food products through online shops. However, the high cost of operation and severe competition in the AE market make it hard for A-SMEs to operate cost-efficiently and in a sustainable manner [1,2,3]. To avoid severe losses, many A-SMEs have resorted to outsource their AE business partly or entirely [4,5,6]. However, by transferring the vital functions to a third party, the companies can suffer high uncertainty and instability, since the partners unilaterally focus on their own benefits [6,7,8,9,10]. At the same time, a small number of firms with strong financial strength have chosen to perform an in-house agri-food home delivery service to achieve high autonomy. Such a positive but inefficient strategy is unsuitable for A-SMEs, especially for those that are facing a severe financial burden. The unsuitability of these two business modes for A-SMEs will be illustrated with a series of empirical studies in the next section.



Over the decades, a type of inter-organizational cooperative arrangement via collaborative strategies and alliance structures among firms—known as a “strategic alliance”—has become an increasingly attractive means of improving competitiveness. A strategic alliance is a purposive, substantive, and sustainable relationship between independent organizations [11,12,13,14,15]. The partners are involved in the exchange, sharing, and co-development of resources and capabilities (e.g., technical, financial, and strategic advantages) to achieve mutually relevant benefits [15,16,17]. The strategic alliance has gradually become a significant component of supply chain management [18,19,20]. As an emerging market, AE is undergoing a period of uncertainty, instability, and high competition. The A-SMEs that set foot in the AE market face various challenges to their survival. In this context, the A-SMEs should engage in a deep and sustainable partnership type of supply chain relationships to form a “community of shared interests” for generating collaborative advantages. Organizing the relevant entities (A-SMEs) to form an alliance with a strategic perspective could be one of the best options. In this manner, partners (e.g., suppliers, manufacturers, logistic companies, and e-commerce companies) with different competencies in the supply chain are allowed to focus on their core activities, such as providing quality products and services [20,21,22]. This will help the A-SMEs to enter such new business quickly and further steadily expand market share.



Numerous supply chain alliances have been established in the retail and service industries [23,24], such as the co-branded shopping alliance, built by Walt Disney and eBay in 2000, and the consumer service alliance comprising Amazon, Borders Group, Toys ’R’ and Target. However, there is no fully-fledged supply chain alliance that can be taken as a successful example in the current AE market. Theoretically, most existing studies set their sights on investigating the supply chain alliance under the traditional buyer-supplier relationships rather than the multi-dimensional relationships that arise and become increasingly prevalent in the current AE market, such as the buyer-servicer-supplier relationship. In addition, to the best of our knowledge, there are limited studies that have attempted to explore how the A-SMEs can gain advantages through a collaborative relationship in the emerging AE market. To fill this research gap and give insight into practice, this study seeks to develop an agri-food supply chain based on the alliance structure and collaborative strategies, which organizes the A-SMEs with various competencies in the AE market (such as production, transportation, processing, delivery, service, and recycling) together and strives to deliver better service to satisfy customers’ daily demands for agri-food in the last mile (home delivery) in the AE environment, named as “home-delivery-oriented agri-food supply chain (HASC) alliance”. In particular, with the aim of showing at the macro-level how the HASC alliance can be established between A-SMEs and how each strategy works, i.e., a theoretical framework of the HASC alliance is built with its organizational structure and a schematic of the process of each implementation strategy. In addition, this study proposes a three-step method based on the systems thinking theory to analyze the performance of alliances and provide appropriate strategies to hedge against the potential risks faced by most of the alliances—cooperation instability. A case study for which the data are collected from 36 agri-food supply chain-related firms from the largest agricultural city in China—Kunming—is conducted to illustrate the proposed method. Moreover, the study also provides both theoretical and practical implications for the A-SMEs.



The rest of the paper is structured as follows. In the next section, the literature related to the key topics of this study is briefly reviewed, and the research gap is specifically identified. Then, the conceptual framework of the agri-food supply chain alliance is built. This section is followed by the development of the system dynamics model, aiming to investigate the cooperation stability of the HASC alliance with a case study where a hypothetical alliance is built by agri-food-related enterprises in Kunming. Furthermore, the implications of the findings of this study are illustrated with a hypothetical example. Finally, conclusions are drawn, and further research suggestions are discussed.




2. Literature Review


2.1. AE Market: Opportunities and Challenges


In the past decade, e-commerce has found how to blend in with the agricultural market. In China, the magnitude of the AE market has grown from USD 1.9 billion to USD 21.3 billion between 2013 and 2017 (increased 1025%), accounting for 7.9% of the total trade volume of the whole agricultural market (284.1 billion dollars) in 2017 [25]. The penetration rate is expected to reach 21.7% in 2020. The AE market offers an important opportunity to A-SMEs for business expansion, cost reduction, and demand enhancement [26,27,28,29].



However, although e-business results in many boons for the agri-market, A-SMEs face a few serious problems regarding efficient strategies and reliable standards when entering the AE market. The first problem relates to the selection of suitable models or tactics for operating an AE business. Outsourcing the business to a third party is how A-SMEs commonly adapt to access the AE market. Cost reduction is the most distinct advantage of an outsourcing strategy over a traditional self-managed operation [4,5,6,30]. Moreover, the enterprises can improve the quality of service by relying on third-party technologies and tightening their focus on core competencies [31]. However, Dean et al. [7] investigated 620 organizations and found that management of an outsourced business results in critical issues, such as quality control and chain coordination. They also found that more than one-half of these companies underestimated the cost of managing the outsourced business. Moreover, outsourcing usually reduces a company’s control over how certain services are delivered [8,9]. Therefore, outsourcing arrangements seem unable to sustain an organized cultivation of value and thus are not recommended as a long-term strategy for surviving in the AE market [6,10].



At the same time, a small number of firms with strong financial strength choose to perform an in-house agri-food home delivery service. They develop their own distribution structure based on an expansion of the existing supply chain, aiming to build and maintain competitive advantages. For example, as one of the most successful companies in China’s AE market, Jindong (JD) builds its own cold-chain system, including storage, transportation, and distribution. As of May 2017, JD had already established 11 self-support cold hubs covering more than 100 residential districts in China. However, the cost of delivery is nearly CNY 35 (USD 5.21) per order, excluding essential construction costs such as warehouses [32]. Thus, self-managing is unsuitable for A-SMEs, especially for those that are facing serious financial problems. It would be more burdensome for them to compete as autonomous entities.



The second problem is the concern of cold supply chain management. Developing the AE business is primarily aimed at providing quick, direct, and quality service to the end customer (termed home delivery or “last-mile” delivery service) [33,34,35]. Firms must, therefore, extend their supply chains directly to the end customer. Moreover, due to the perishable nature of agri-foods, the entire supply chain faces unique challenges, such as food safety, food quality, and environmental issues [36,37,38]. Van and Vorst [39] suggested in their earlier study that a reliable system with the ability to track products and with quality certification is essential for A-SMEs to sustain in the AE business. Many current studies [40,41,42] also emphasize that the physical operations involved in any delivering or transporting activity need an acceptable standard with high regulation and a traceable physical (container) system that is capable of maintaining an optimum temperature.



However, a review of the whole current AE market offers a depressing picture. For example, China’s cold storage capacity reached a total of 107 million cubic meters at the end of 2016, while the per capita cold storage share was only 0.143 cubic meters, which fails to meet the increasing daily demand of agri-food. Consequently, on average, 10% of the fresh agri-food was damaged in transportation, and 30% of that damage happened in the last-mile portion [43]. Managing this part of the supply chain has been an important challenge for supply chain managers. Lim et al. [29] examined the research on the last-mile logistics problem and concluded that managers face two critical problems: (1) what strategy should be applied to provide cost-efficient order fulfillment while satisfying the consumers, and (2) efficiently linking the last mile with an existing supply chain, especially from a logistics infrastructure standpoint.



The aforementioned two concerns lead to the tough task of cost control. Because of the establishment of an extended supply chain (with a reliable physical delivery system) plus many complexities present in the delivery process (e.g., traffic control, customer diversity, reverse logistics, and political uncertainty), the last-mile is regarded as the most expensive section of distribution [1,2,3,44]. The data show that last-mile delivery accounts for 13% to 75% of the total cold supply chain costs, and only 1% of more than four thousand AE enterprises in China are profitable, while 88% are suffering from different extents of loss [43]. Cost efficiency—how to effectively balance the cost and the performance of the cold supply chain—is a significant challenge for the managers.




2.2. Strategic Supply Chain Alliance and Cooperation Instability


In a connected and globalized economy, it is increasingly important to have the ability to engage in collaborative value undertakings. The strategic alliance provides a chance for companies, especially A-SMEs, to engage in an effective collaboration to pursue joint innovation, a competitive edge, quality services, and a supply/value chain [45,46]. Researchers have explored a wide range of strategic alliance themes from diverse theoretical and methodological backgrounds. Many studies have focused on the pre-agreement phase, in which activities are crucial for alliance shaping and strategy designing. A range of conceptual definitions and frameworks of a strategic alliance has been theoretically recognized from different perspectives, such as total quality management [18,19,47], supply chain expansion [48], and alliance structure and network relationship [49,50,51,52]. These frameworks have also been explicitly proposed for various market sectors, such as manufacturing [53,54,55], retailing [56], and small businesses [57,58,59,60].



On the other hand, the activities in the post-agreement phase have also drawn the attention of researchers towards different attributes, including strategic aspects such as influential factors [61,62], strategic partner selection [46,63], and alliance rationale [64]. Such activities also include aspects of alliance management, such as managing communication [65,66,67,68], risk control and opportunistic behavior prevention [69,70,71], trust and confidence [72,73,74,75,76], and commitment and cultural issues [77,78,79,80]. Overall, these works that focused on the post-agreement phase can be regarded as an attempt to ensure the cooperation stability of the alliance.



Cooperation stability is vital for alliance survival and provides a necessary condition and a good proxy for alliance success [64,81,82]. However, behavior involving betraying cooperation promises can easily occur in an alliance, especially when there is no power control mechanism over the union members [61,83]. American Mckinsey & Company’s reports pointed out that more than two-thirds of strategic alliances encounter serious cooperation problems in the first two years, and only 40 percent of alliances can be maintained for more than four years [64,84]. The issue of alliance management to promote robust cooperation has become highly relevant for both academia and practitioners.



A supply chain is a synthesis in which many components and functions are integrated to manage the flow of goods, information, and finances from the source to end customers efficiently [85,86,87,88,89]. Furthermore, a supply chain is built within the marketing environment, where many uncertain factors exist [90,91,92,93]. This uncertainty leads to many adverse impacts on cooperation stability. Thus, the supply chain is a complex system composed of several dynamic components, built with specific objectives, operated on a certain life-cycle, and established in an uncertain market. Managing coordination activities in such a complex system is difficult. Understanding the interdependencies and complex causal relationships in a supply chain is critical to successfully manage all of the cooperative activities rather than regarding the firms as a single entity.



The systems thinking introduced by Holmberg [90] to supply chain management provides us with a holistic view and has been widely used in research and management practice [87,89,94,95,96]. Systems thinking is a framework for seeing the connections between components rather than each component only for seeing properties that are the properties of the whole rather than the properties of its components [90]. System analysis could help us depict real-world systems by using a structured approach to building models and thus is suitable for describing and analyzing the cooperation activities in the supply chain system. The system dynamic (SD) model is one of the simulation tools that was proposed on the basis of systems thinking. In the last two decades, system dynamics have been applied to different sectors, such as global dynamics, energy, business, economics, and the product-service sustainable business model. In this study, the cooperation activities of the HASC alliance will be simulated from a system perspective by using the SD model, to analyze the cooperation stability of the HASC alliance and of further proposing corresponding strategies for the stability control.




2.3. Summary


The current AE market is not only rich with opportunities but also full of challenges. One of the best approaches for agri-food companies, especially A-SMEs, to grow rapidly in the AE market is to create a sustainable cooperative relationship with the aim to gain competitive advantages and enhance investment efficiency while designing a series of cooperative strategies from the perspective of supply chain management for pursuing long-term development. However, looking around the current AE market, there is no well-run strategic alliance that can be taken as a successful example. In the review of the literature, no study was found that provides insight into the framework of alliance structure, management strategy of alliance implementation, or stability control of alliance’s cooperation, considering both the characteristics of the AE market and the nature of the agri-food business. More specifically, supply chain managers face two extremely critical problems: planning a reliable organizational structure in a pre-agreement phase for constructing a competitive alliance and designing robust strategies for business management and cooperation stability control in post-agreement for the long-term development of an alliance. To address these problems, this paper provides a basis by building a theoretical framework of a HASC alliance with a series of robust strategies for business operation and cooperation stability control.





3. Conceptual Development of the HASC Alliance: Organizational Structure and Implementation Strategies


As we have mentioned in the previous section, five questions arise to the managers when building the HASC alliance:




	
Which organizational structure can maximize the competence of each entity of the HASC alliance?



	
How can the existing supply chain to the end customer be physically extended in the real-world?



	
How can a physical distribution system ensure that food quality and safety be established?



	
How can the existing supply chain be effectively connected with the extended portion at the management level?



	
How can the cooperation stability of the HASC alliance be controlled?








This section mainly focuses on discussing proposed strategies for the first four problems, with explicit frameworks. The strategy for the last issue will be discussed in the next section with empirical analysis.



3.1. Organization Structure: Closer Vertical Co-Ordination


• Which organizational structure can maximize the competence of each entity of the HASC alliance?



Organizational form is the internal structure of an alliance (organization), which largely determines how the organization functions and how the participants carry out their functions [97,98]. The agri-food supply chain includes the suppliers (farmers), service providers, manufacturers, transporters, retailers, and consumers. A generic supply chain at the organization level with different functional layers is presented in Figure 1 (left side) [99]. Each firm is positioned in a layer with its own supply chain-related functions (e.g., producing, manufacturing, and transporting) (Figure 1, right side). As shown in Figure 1, the HASC alliance proposed in this study involves closer co-ordination that vertically integrates one or more firm(s) from each functional layer of the supply chain. Such an alliance arrangement breaks the boundary between the firms at different layers and thus allows various functions to be integrated as a streamlined supply chain with the total function of agri-food home delivery. Each firm in the chain can entirely focus on fulfilling its own business (function). For example, the e-commerce company would oversee the trade-related activities, such as marketing, selling, buying, and servicing of the agri-food products.



The function of the retailers in the proposed HASC alliance is of key importance. The business process of the HASC alliance is shown in Figure 2. To fulfill the online orders, the traditional supply chain must be extended directly to the end customers. The retailer plays a critical role in this process. Retailers are proposed as members of the alliance due to their unique geographical advantage in urban areas—adjacent to the customers. The retailers serve the function of product (food) aggregation and reprocessing at the distribution centers (DCs). As the key hubs in the chain, DCs not only bridge the existing parts of the supply chain with the last-mile part (customers), but also increase the transport efficiency of the entire chain. This sophisticated arrangement is also the core of the management and implementation of the HASC alliance. In this study, three strategies are proposed revolving around this centralized arrangement for the guidance of supply chain management and implementation of the HASC alliance. In the following subsections, each strategy will be described in detail, along with its advantages.




3.2. Last-Mile Chain Extension Strategy: Semi-Centralized Extension


• How can the existing supply chain to the end customer be physically extended in the real-world?



The centralized extension strategy has been widely applied for bridging and managing the last-mile chain in other e-commerce industries, such as daily necessities (e.g., Ocado, a British online supermarket) and office equipment (e.g., Office Depot) [100]. This strategy aims to centrally manage a series of activities at the last segment of a delivery process, based on the centralized transit point (e.g., DCs), to directly dispense the products to the final drop point (customers’ home) of the delivery chain [29]. Typically, the centralized extension strategy has three major advantages, especially in extending the agri-food supply chain. First, the centralized DC design makes it possible to establish a well-organized plan for providing quick and direct distribution to the customers. Using this advantage, the alliance can adequately balance customer convenience with the delivery cost. Second, working from a DC allows aggregated inventory, which would simultaneously allow holding less inventory while having both an extended range of products and greater in-stock availability. This inventory aggregation advantage has a substantial benefit for agri-food industries, where freshness counts. Third, with the help of DCs, the reprocessing of agri-food products (sorting, washing, or packaging) is more effective and efficient, which allows the inventory to be turned more quickly. This feature is valuable for agri-food products, especially for those with a short life-cycle or that perish quickly. However, the centralized extended supply chain strategy also comes with substantial challenges, such as the high costs of investment in DCs and long-distance delivery, which may press the newly-built alliance with an additional financial burden.



In the urban areas, large retail companies (e.g., Walmart and Carrefour) usually occupy the core position in the commercial districts. This dominance gives them the geographical advantage of being adjacent to the customers, which helps them to quickly infiltrate customers’ daily lives. Moreover, for better management of the agri-food business, most of these retailers have built their own refrigerated warehouses. To avoid the disadvantages of the centralized extension strategy, it is necessary to invite such retail companies as an indispensable component of the HASC alliance. They can bring the alliance a huge advantage in regional dominance and save construction costs. Aggregate inventory support achieved by reconstructing the existing refrigerated warehouses would allow the agri-food to be transported in bulk to the central region. This approach would significantly cut the investment costs of DC construction and would also save the extra operating costs for long-distance home deliveries. Such a proposed extended supply chain highly relies on the network, which is composed of many regional DCs, rather than on specialized DCs, which usually serve the whole urban range. We call this approach a semi-centralized extended supply chain.



Figure 3 shows an example of a semi-centralized extended supply chain. Several physical stores belonging to the participant retail companies are selected from different regions in the urban area to form a DC network. Each store will serve the customers living in its range of operation. Thus, the whole urban area could be covered by the DC network. Based on this DC network, the agri-food can be simultaneously transported in bulk to each DC point through multiple trucks. Then, after an efficient, professional, and standardized reprocessing process (sorting, packing, and encasing), the fresh agri-food can be directly delivered to the end customers to finally fulfill the orders. This semi-centralized extension strategy not only has the aforementioned three advantages of the centralized extension strategy, but also alleviates the impact of high costs caused by the DC construction and distant distribution, and hence provides a stable base for the alliance development.




3.3. Food Transport Strategy: MTJD Transport System


• How can a physical distribution system ensure that food quality and safety be established?



Due to the perishable, vulnerable, and diversified nature of fresh agri-food and the widely dispersed terminal consumers in urban areas, it is important to provide a robust physical system that can: (1) control and monitor the temperature; (2) trace the food location; (3) be easily operated; (4) support recycling; (5) save costs; and (6) save space. The multi-temperature joint distribution (MTJD) system has the potential to fulfill the discussed needs.



The MTJD technique was developed by the Energy and Resource Laboratory, Industrial Technology Research Institute in Taiwan [101]. As shown in Figure 4, the MTJD system is equipped with multiple-size insulated containers (boxes) and replaceable and reusable eutectic plates (a type of cold accumulator). Eutectic plates of different temperatures and sizes are utilized in standardized cold insulated boxes and cabinets to maintain precise temperatures. The eutectic plates accumulate cold through freezers installed at terminals (DCs). The containers with cold accumulators are then used in regular vehicles, which enhance flexibility. Additionally, the whole system is complemented with advanced radio frequency identification (RFID) technology, which can help in food tracking, identification, and device recall [102]. Due to the reusability and flexibility of such cold devices, the MTJD system has a great potential to minimize the investment in food storage and the cost of transportation in the logistics system while maximizing compartment utilization and logistics performance (long service-life); additionally, it is environmental friendly.



As shown in Figure 5, the MTJD system is primarily applied in the last-mile delivery process, covering the extended part of the supply chain. In each regional DC, the primary commodity (raw or processed agri-food) will go through a series of reprocessing steps, such as sorting, washing, and packing. Thereafter, the reprocessed food will be encased in an insulated box with pre-refrigerated eutectic plates to meet the multiple temperature requirements of different types of agri-food. Next, the van will be loaded with preordered agri-food and will deliver each order to the corresponding location (customer’s home or workplace). The food will be handed over to the customer at the appointed place; thus, the order will finally be fulfilled. The empty box will be brought back to the DC by the van to be reused in the next cycle. In contrast, if the customer cannot reach the appointed place on time (they may have a temporary emergency), the box can be placed in that place for the customer. Specific couriers will be assigned to collect empty boxes that may not be brought back on time. During this whole process, no matter whether it is the in-time-taking or the delayed-taking, the freshness of the agri-food can be preserved entirely by using the insulated containers and eutectic plates. The whole MTJD system is modeled in such a way that the material flows between regional DCs and their customers, forming a partial closed-loop chain. Moreover, the top of Figure 5 also shows the time that is possibly taken at each stage of processing. If it promises an effective handover between two connected stages, the duration of the entire transporting process from the source area to customers would be within 17 h (excluding the tasks at the source area, e.g., picking). This time is much less than the minimum time that an agri-food holds its freshness in a cold environment—24 h.



In summary, the MTJD system is introduced in the HASC alliance because of the advantages of its techniques in temperature control, food package tracing, flexibility, circulation, and environment protection. Moreover, the unified insulated box and eutectic plates, which are standardized in structure and size, allow managers to efficiently meet the corresponding criteria specified for the handling processes. This approach can help to decrease the time that food is exposed in the processing stage and thus reduce the impacts of excessive processing on food quality.




3.4. Production/Distribution Control Strategy: Hybrid Push-Pull Control


• How can the existing supply chain be effectively connected with the extended portion at the management level?



The hybrid push-pull strategy is one of the supply-chain production/distribution strategies that has been widely used in practice with the growing popularity of ‘make-to-order’ (or customized) production [103,104]. Combining the various merits of the push and pull control strategy, the hybrid strategy has great potential to drive down the costs of inventory while maintaining a high level of customer satisfaction [105,106]. Under such a hybrid push-pull control strategy, according to the forecast demand, semi-finished products (or components) are pushed to an intermediate inventory station called the decoupling point (DP) (also called push-pull boundary) [107,108]. Once the orders are placed, the products are then pulled from the DP to complete the remaining customization processes and delivered to the customer. This DP is of vital importance to properly control the balance between push and pull in the manufacturing process.



The home-oriented agri-food that is related to the customer’s daily life is one type of highly customized commodity. Various agri-foods must be ‘assembled’ according to the customer’s order. Moreover, due to the uncertainty rises from emerging AE markets, the demands for agri-food with a home-delivery service may fluctuate with time. Seeking to ensure that the HASC alliance has higher flexibility and robustness, we introduce the hybrid push-pull strategy in designing the supply chain of the HASC alliance. Specifically, since there are many distribution segments (branches) in the extended chain (after the DC stage), it is impossible to forecast the demand in each segment. The assembly process should be based on actual orders. Thus, pull control is more suitable for this stage. On the other hand, before ‘assembling’ the food into a ‘product’ in the DC, the total demand quantity of each kind of agri-food must be forecast according to the historical order quantity. Thus, push control is effective for the prior DC stages. Figure 6 shows a schematic diagram of the proposed hybrid control mechanism for the supply chain of the HASC alliance.



In such a case, the DC system acts as a vital point of this hybrid control strategy. The ‘primary’ agri-food can be transported in bulk to and stored in each regional DC based on the forecast demand; then, ‘assembly’ (or packaging) work can also be finished in the DC according to the customers’ daily orders. The customization of agri-food products can be postponed until order receipt, which makes the entire chain flexible enough that it can cope with increasingly customized demand. In addition, the stable inventory ensures that the alliance is robust enough to absorb unpredicted demand fluctuation.





4. Cooperation Stability: Model of the HASC Alliance


In the above section, a conceptual framework of the HASC alliance from a theoretical perspective is built up, along with its organizational structure, supply chain management strategies, and food transport technologies. However, a more important question that arises in each manager’s mind is—how such a cooperative structure would survive in the long term. The cooperation of the HASC alliance is based on a dynamic system which is associated with many complex activities. Therefore, it is essential to understand the different variables (influential factors and control strategies) that will influence the stability and performance of the proposed HASC alliance under different conditions. For this purpose, the following section provides a detailed investigation of the different parameters and their relationship with the stability and performance of the HASC alliance.



In this section, the study attempts to propose a three-step analytical method based on the systems thinking theory. The framework of this method is shown in Figure 7. As shown in the figure, the three steps include: (1) factor identification and model development, which is intended to identify the factors that are significantly correlated with the cooperation stability of alliance, and build the system model that presents the complex causals of these factors; (2) data preparation, which aims to collect the data that reflect the state of each identified factor through the implementation of survey and market investigation; (3) simulation and result analysis, which is expected to propose the proper control/management strategies based on the simulation of alliance‘s cooperation trend considering the effects of all identified factors.



An empirical study, where a hypothetical HASC alliance is built in Kunming, was conducted to specify the proposed three-step analytical method. The system dynamics model (SD) was applied as the tool for the model development and cooperation trend simulation. The initial data of each factor were collected by investigating the local agri-food market and surveying the relevant companies. We first introduce the fundamentals of the SD model. Then, the implementation of each step of the proposed method is explained explicitly by analyzing the cooperation stability of the hypothetical alliance.



4.1. System Dynamics Model


System dynamics (SD) is an influential technique developed to dynamically describe, model, simulate, and analyze the behavior of a variety of complex systems [109]. SD is a top-down information feedback method that was proposed by Professor Forrester [110]. The essence of this method is the high order, multiloop, and nonlinear feedback structures.



Typically, SD models are interpreted through diagramming tools, such as causal loop diagrams (CLDs) and stock-flow diagrams (SFDs) [111]. CLDs are able to map how the system is dynamically influenced by the interactions of all the variables. A CLD links system variable by arrows. These arrows denote the direction of influences among the variables. Each causal link is assigned a polarity, either positive (+) or negative (–), to indicate how the dependent variables are influenced by the independent variables—positive for direct and negative for an inverse influence. An illustrative CLD is depicted in Figure 8. The CLDs can successfully describe the basic logical structures; however, to conduct a quantitative analysis, a mathematical stock and flow diagram (SFD) should be employed. SFDs can distinguish the nature of different variables and use integral or differential equations to represent the described information. As shown in Figure 9, four building blocks are used to develop a quantitative SFD from a qualitative CLD: stock, flow, converter, and connector [112]. Stocks create delays by accumulating the difference between the inflow and the outflow. By decoupling the rates of flow, stocks are the source of disequilibrium dynamics. Flows are the functions of the stock and other state variables and parameters [111]. The value of a flow can be positive or negative. A positive flow is an inflow that will fill in the stock, while a negative flow is an outflow draining from the stock. A convertor has a utilitarian role in selecting the proper values and functions of the parameters in the model, and a connector is an information transmitter connecting elements [113]. The study selected the SD approach as a base to simulate the cooperation stability of the proposed alliance, as it has several merits over other modeling approaches.



4.1.1. Model Development


This study divided the cooperation stability system of the HASC alliance into three subsystems, influence, performance appraisal, and stability control, to more deeply investigate and design the cooperation stability. As shown in Figure 10, there are several factors (influence subsystem) that affect (positively and negatively) the cooperation stability at the alliance establishment and operation stage. This effect results in fluctuations in cooperation stability that cause an unsatisfactory performance of the alliance. This deficient performance further forces the alliance to implement strict control strategies (stability control subsystem). However, the control process will affect the cost, which in turn impacts the performance of the alliance (performance appraisal subsystem). Therefore, the enforcement of control strategies must be set in an appropriate range to match the strength of the alliance. The three subsystems are explained in the following sections. The causal loop diagram of the HASC alliance is shown in Figure 11, which has been used to derive the detailed model, as explained in the next section.




4.1.2. Influence Subsystem


There are many endogenous and exogenous factors that influence HASC alliance stability. This study divided these influencing factors into three main categories: environment, membership, and relationship.




	
Environment. Any change in the natural and social environment affects the cooperation stability of the alliance. The natural factors are those that are not intentionally created by humans but can directly or indirectly influence human life, such as natural disasters. Due to the difficulty in data collection, we did not consider natural factors in this paper. We considered the environmental factors that are related to human economic activity and society because these factors are closely related to the development of the HASC alliance and are thus deemed internal factors of the HASC cooperation system. Based on previous studies [114,115,116,117,118,119,120,121,122,123], we selected the following factors: public policy (POL), economic situation (ECO), market fluctuations, including market demand fluctuation (MDF) and market price fluctuation (MPF), regional traffic accessibility (RTA), and consumer requirement, including timeliness requirement (TR) and freshness requirement (FR).



	
Membership. Zineldin and Dodourova [124] found that cooperation motivation can significantly influence the stability of membership at the early stage of cooperation. Such motivation is associated with the resistance of internal staff (RIS), leadership (LEA), and capacity structure of the company (CS) [125,126]. Moreover, the design of the cooperation contract would also affect the stability of membership among the entities of the HASC alliance. The partners may be especially concerned about rationality and equity [75,127]. Therefore, the following factors were selected: rationality of labor distribution (RLD), rationality of benefit distribution (RBD), information symmetry (IS), and individual opportunism (IO). The study also considered the previous connection (PC) and expected cost for cooperation (EC), as they significantly influence individual opportunism.



	
Relationship. In an alliance, many relationships exist among different participant companies, divisions, and members with respect to information, finance, and other exchange levels [128]. The interface management approach has been put forward to analyze such complex relationships. Three principle interfaces, i.e., material interface, information interface, and management interface, were investigated [14]. According to the literature, delivery delay rate (DDR) is the most important factor that affects the stability of the material interface [129]; trust (TRU), coordinating mechanism (CM), and exchange mechanism (EM) are the main influencing factors of information interface stability [73,130]; cultural tolerance (CT) and goal congruence (GC) are the key factors of management interface stability [131,132,133]. Additionally, information symmetry (IS), rationality of labor distribution (RLD), rationality of benefit distribution (RBD), and individual opportunism (IO) all have a significant impact on the relationship stability.








In conclusion, a stable operating environment of the HASC alliance, a stable membership and a stable relationship among members jointly promote the stable development of an alliance. Figure 12 shows the influence subsystem.




4.1.3. Performance Appraisal Subsystem


As a strategic alliance, the economic benefit is the most direct indicator to assess the performance and stability of the alliance [134]. Moreover, as a home-delivery-oriented supply chain, the operation efficiency and service quality decide the competitiveness, market size, and development of the alliance [135]. On the other hand, to follow the trend of social development, the new emerging industry must continuously research to promote the development of the alliance. Therefore, this paper selected benefit (BEN), home-delivery operation process (HDOP), service quality (SQ), study and innovation (SAI) [136,137,138,139,140,141] as four main indicators to build the performance appraisal subsystem of the HASC alliance (Figure 13).




4.1.4. Stability Control Subsystem (Strategies)


Effective control measures (strategies) must be adopted to adjust the unbalance risk points through assessment and subsequent feedback on the performance of the HASC alliance. This paper mainly aimed to address three vulnerabilities of the HASC alliance and propose corresponding control strategies, including environmental fluctuation coping strategies (EFCS), customer management strategies (CMS), member management strategies (MMS), and relationship management strategies (RMS). The EFCS and CMS will prevent any fluctuation resulting from the market, social economy, policy, and other internal environmental factors. The MMS aim to control the stability of members via supervision and motivation. The RMS are used to enhance the communication and information exchange among members, thereby creating a trustful cooperation environment. The RMS help to monitor the condition of the alliance in real-time, enabling the alliance to locate loopholes by itself and take action to control them. Figure 14 shows the stability control subsystem.




4.1.5. Total System Model


A complete system dynamics model of the cooperation stability of the HASC alliance based on the above three subsystems is shown in Figure 15.



The dynamic behavior of the HASC cooperation system is implemented by a set of mathematical equations. The dynamic behavior of the level variables, including Environmental Stability (ES), Membership Stability (MS), and Relationship Stability (RS), is given by a time integral of the net inflows (Unbalance Rate (UR)) minus the net outflows (Control Rate (CR)):


  E  S t  = E  S  t 0   −    ∫ 0 t   ( U R  2 t  − C R  2 t  ) d t    ,  



(1)






  M  S t  = M  S  t 0   −    ∫ 0 t   ( U R  2 t  − C R  2 t  ) d t    ,  



(2)






  R  S t  = R  S  t 0   −    ∫ 0 t   ( U R  3 t  − C R  3 t  ) d t    .  



(3)







The details of each mathematical equation are included in Table A1, Appendix A.





4.2. Data Preparation


The data used in this study were collected from Kunming city, China. It is worth noting that before simulation, identifying the weight and initial values of each factor (explained in the model development section) was necessary. Therefore, to calibrate the initial values, the data were collected from 36 enterprises (food and logistic) through interviews (22 enterprises were interviewed face-to-face and the remaining through the online interview), and 298 local customers by questionnaire (a total of 310 questionnaires were sent, and 298 were validated after screening). Table 1 shows the characteristics of the investigated local costumers. Such data will help to understand the cooperation habits and customer demand for homestead services (distribution timeliness and food quality) that were mainly required in this study. The initial values of economic, traffic and other environmental factors were obtained from Yunnan Statistics Yearbook on the National Bureau of Statistics’ website (http://www.stats.gov.cn/). In the model, the factors in the performance subsystem are inserted to balance the whole system. According to the scale of other factors, we set the initial value of each factor in the performance appraisal subsystem as 0.8.



To obtain the weight value of each factor, this paper adopted the Delphi method, which is widely used in social science studies (see [142,143] for the overviews). The 22 factors (environmental, membership, and relationship factors) were rated by 58 experts (including 20 logistics specialists and 38 senior management of logistics and food enterprises) through the questionnaire, as shown in Appendix B. We used several questions (3–7) to capture experts’ attitudes on the importance of each variable (all the questions in the questionnaire are constructed as five-point Likert-type scales with responses ranging from strongly disagree to strongly agree) and then calculated the average score of each factor. Table A2, Appendix A, shows the weight value results for each factor.




4.3. Simulation Results


Vensim PLE software was used to simulate the evolution mechanism and trend of the cooperation stability using monthly units in the five years (60 months). To deeply understand the development of cooperation stability of alliance, the results were split into four sections for analysis: stability tendency of cooperation system, effectiveness analysis of control strategies, impact of change in factors on cooperation stability, and sensitivity analysis of the control strategies costs.



4.3.1. Stability Tendency of Cooperation System


Figure 16a shows the effect of each subsystem on cooperation stability. From the figure, one can observe that all the curves continue to decline during the early stage (first three months). The results in the abatement of the performance and cooperation stability of the entire system are shown in Figure 16b,c. Eventually, with the implementation of control strategies, the negative trend can be controlled, and all the curves continue to rise gradually. Consequently, the performance and cooperation stability curves also rise. The relationship stability curve shows a continuous upward trend during the whole cycle, but the stability curves of membership and environment continue to rise only until the 18th month and then start to decline. An important fact that should be noted here is that the membership stability curve declines relatively more obviously, even falling to a negative value in the 42nd month (3rd year). The declines in the stability of these two subsystems incur a slight reduction in the stability and performance of the alliance. However, the stability control strategies keep the fluctuations of the system in a small range over the succeeding months.



The abatement of the stability of alliance in the early stage is due to the running-in process between the members and because of the adaptation process of the alliance system to its internal environment, including the customer, traffic conditions, and other factors. With control strategies, the stability of the three subsystems increases. However, in the second year, as the policy, economic, market, and other environmental factors constantly show degradation and the cooperation fatigue (cooperation fatigue refers to opportunistic behaviors of cooperative members, such as avoiding alliance control, escaping the supervision of other members, and grasping the regulations of the alliance) of each member continues to accumulate over time, the implementation effects of the environment control strategy and membership control strategy are restricted. This restriction slows the growth of the stability of the alliance in the 12th month, which subsequently starts to decrease in the 18th month. Once out of control, the membership will rapidly lose stability.




4.3.2. Effectiveness Analysis of Control Strategies


This paper adopted the control variate method to analyze the influence of a failure of control strategies on the stability of the alliance. Figure 17a shows the effect of the failure of CMS and EFCS on environmental stability. Curves 1 and 2 refer to the environmental stability when the CMS and EFCS fail, respectively, while curve 3 shows the environmental stability before the application of any control strategies. From the figure, curve 2 drops faster, which indicates that the failure of CMS has a strong influence on environmental stability. On the other hand, the EFCS has a relatively weak influence on environmental stability, which suggests that the EFCS contributes little to control the stability. The study tried to investigate the influence of the simultaneous failure of EFCS and CMS (referred to strategy 1) on environmental stability. Figure 17b shows the variation in the environmental stability trend when EFCS and CMS fail at the same time (strategy 1). It is evident that without applying appropriate control strategies, environment stability will decline significantly, which will, in turn, influence the stability of the alliance. The study further explored the influence of the failure of control strategies on the stability of the alliance. As shown in the Figure 17c,d, the failure of control strategies seriously influences the stability of the alliance.




4.3.3. Impact of Change in Factors on Cooperation Stability


The study investigated the influence of change in internal factors (IS and TRU) on membership and relationship stability. For this purpose, the control variate method was adopted to observe the changes in the membership and relationship stability with an increment of one unit in the initial unit of IS and TRU. Figure 18a,b show the impact of an increase of one unit in IS (curve 1) and TRU (curve 2) on membership and relationship stability, respectively. The figures show that an increase in both IS and TRU can increase the stability of members and their relationships. Additionally, high TRU is associated with greater stability of the two subsystems. Thus, under the same conditions, the impact of TRU on membership and relationship stability is stronger than that of IS. Therefore, if the alliance aims to improve the stability of the members and their relationship, more attention should be focused on improving the mutual trust between the members.



The influence of an increase of one unit in MPF and TR on the environmental stability was also analyzed. The change in environmental stability with an increase of one unit in the MPF and TR is shown in Figure 19 (curves 1 and 2 refer to MPF and TR, respectively). The figure shows that an increment of one unit in MPF and TR will reduce the environmental stability, because an increase in MPF and TR will increase the risk of local markets and the rigor of local customers. Moreover, the influence of change in MPF on environmental stability is stronger than that of TR; therefore, it should be controlled on a priority basis.




4.3.4. Sensitivity Analysis of Control Strategies Cost


Typically, higher-cost inputs result in higher stability. However, these higher costs cause a higher operational cost for HASC alliance and thus increase burden on the alliance. This study investigated the relationship between the cost of the stability control strategies, alliance performance, and alliance stability. In the figures, curves 1, 2, and 3 show the stability (Figure 20a) and performance (Figure 20b) of the alliance under conditions when the cost of control strategies accounts for 10%, 20%, and 35% of the total operation cost, respectively. Figure 20a shows that increasing the cost of control strategies can improve the stability of the alliance. However, Figure 20b shows that as the cost of control strategies increases, the performance of the alliance starts to show serious fluctuations. When the cost of the control strategies is 35%, the alliance performance curve shows significant variation and even drops to negative values. Thus, for HASC alliance, a higher cost of control strategies does not ensure higher stability of the alliance. Therefore, it is necessary to control the cost within a certain range that will help the HASC alliance to maintain stability and performance.



This study also tried to investigate the minimum and maximum cost range of control strategies within which the alliance can maintain its stability and performance. In Figure 20c, current 4 shows the stability of the alliance when the cost of control strategies accounts for 5% of total operational cost. At this cost, the lowest value of the alliance stability curve is almost zero. Thus, if the cost of control strategies is kept below 5%, the stability value will drop to negative values. In Figure 20d, the current 5 shows the change in performance when the percentage of the cost of the control strategies is 29%. The figure shows that at this cost, the lowest value of performance is zero, showing that if the cost of the control strategies is greater than 29%, the alliance performance curve will tend to drop to negative values. Therefore, it can be concluded that the basic requirement for the alliance enterprises to operate stably and maintain a good performance is to maintain a control strategy cost higher than 5% and lower than 29% of the total operation cost.






5. Implications and Discussion


In the above sections, the conceptual framework of the HASC alliance is completed. This study also proposed several implementation strategies and a systematic analysis method of cooperation stability. This section provides an example to illustrate the workflow of an order fulfillment, to show the role and advantages of different proposed strategies in the alliance.



As shown in Figure 21, three transportation companies control the transport of all agri-food on sale, and one retailer involves providing the food storages (DC), and a series of handling works related to the storages. Let us say customer A orders four kinds of agri-foods from an online store, which is operated by e-commerce company A (alliance member) on Sunday afternoon (posted at 16:30) and expects to receive the foods in the next one hour (before 17:30). The detailed information of the order is shown at the bottom of Figure 21. Due to the long-distance transportation, the inventory replenishments of fruit 1 and fruit 2 that the customer A ordered are applied on a two-days-cycle schedule and are usually finished at 13:00 and 14:00, respectively. The inventory of vegetable 1 and meat 1 are replenished once every day and are finished at 11:00 and 11:30, respectively. All inventories of foods are replenished in accordance with the usual forecast demand. When the order is generated, all the requested foods are available in the stock. This allows the sorters to start the preparatory work while receiving the order list quickly. The preparatory works include sorting the food according to the list from the cold storage, washing and packing with a suitable box and appropriate eutectic plates, and loading the delivery vehicle. The entire preparatory work requires about 10 to 15 min (refer to Figure 21 for detail). Finally, the agri-foods are transported to the customer in 20–40 min. Nevertheless, in a situation in which the customer is not available upon the deliverer’s arrival at their home (as shown in the present case), the deliverer will put the box in a designated place for the consumer to take it later. The next day, the empty box will be brought back to DC by the van to be reused in the next cycle. Thus, this way, all the orders will be fulfilled.



This seemingly simple workflow highlights the advantage of each proposed strategy. First, the closer vertical co-ordination strategy provides a robust organizational structure for the HASC alliance and allows each member to perform its own business competently. For example, in this hypothetical case, each transportation company only needs to focus on its specialty to ensure high efficiency for the entire transport cycle. Second, the semi-centralized extension strategy takes full advantage of available infrastructures that provide several optimal sites in the region. This approach not only effectively connects the traditional supply chain with the last-mile portion, but also spreads the chain across the whole target region to approach more customers. At the same time, based on the hybrid push-pull distribution control strategy, the alliance can decide the proper amount and frequency of inventory replenishment, which ensures an adequate supply of foods for customers’ daily needs. In this case, the implementations of these two strategies make it possible to respond to the orders efficiently. In addition, the process of last-mile delivery is fully supported by the MTJD system, which ensures the freshness and safety of the agri-food. Moreover, in this case, the design of the closed-loop chain in the last-mile portion is based on the recyclable MTJD material making the delayed-taking of agri-food possible, which significantly mitigates the impact of the not-at-home phenomenon on the alliance.



More importantly, for all the activities to work well, the alliance must be running based on stable cooperation. This study proposes a three-step analytical method to show how to properly make specific control strategies via the company surveys and a series of systematic analyses. Unlike the other methods in cooperation analysis, for example, the game theory (game theory is one of the most widely used methods in the analysis of cooperation stability. It is fundamentally built on the assumptions of single agents’ behavioral strategies in a multi-agent environment. Each firm on the supply chain is regarded as an independent agent with a series of decision-making abilities. For further discussions of the concepts of supply chain see, e.g., Peters [144], Mesterton-Gibbons [145], and its applications in supply chain management, e.g., Parkhe [146], Beimborn [146], Cachon and Netessine [147] and Arthanari et al. [148]), which regards the participant as a single agent to take strategies [64,144], the proposed method deems that the cooperation of an alliance is a complex system which synthesizes many organisms and functions. A system analysis (step 1) is conducted for the identification of influential factors and causalities among them, which is prepared for the development of the cooperation system model. The company survey (step 2) aims to collect real-world data and makes a fact-based model. Based on a system simulation tool—SD model, the trend of the cooperation stability of the HASC alliance can be presented, and the effect of some important factors (including the pre-proposed control strategies) can be adequately investigated. The proposed method is characterized by being holistic and systematic, efficient and effective, process-based (deductive) focused, strategy aligned, and provides fact-based feedback. It is intended to be integrated, dynamic, and continue to allow for better management, and thus improvement of the overall stability of the alliance.




6. Conclusions


When reviewing the literature on the agri-food supply chain, one central problem for A-SMEs in urban areas is how to provide high quality and a wide variety of food to the customers while keeping themselves economic and sustainable. In this regard, the high cost of operation, severe competition within the agri-food e-commerce (AE) market, and the perishability of the agri-foods worsen the situation. This study found a solution to the above problems of A-SMEs in the form of an alliance named a “home-delivery-oriented agri-food supply chain (HASC) alliance”.



The alliance focuses on how to organize agri-food supply chain-related enterprises, especially A-SMEs, to develop a cooperative organization via collaborative strategies and alliance structures to form a substantive relationship to gain a stable foothold in the emerging AE market. For this purpose, a theoretical framework with a series of implementation strategies is proposed in this study. The framework consists of a semi-centralized extension strategy (applied as a base strategy in “last-mile” supply chain extension), a multi-temperature joint distribution system (MTJD) (introduced in the food transport to maintain food safety and quality), and a hybrid push-pull strategy (proposed in designing the supply chain of HASC alliance). Moreover, to analyze the performance of the alliance and provide appropriate strategies for alliance stability, a three-step method is proposed, based on the systems thinking theory. A case study for which the data were collected from 36 agri-food supply chain-related firms in one of the largest agricultural cities in China—Kunming—was conducted to illustrate the proposed method. The results show that: (1) the performance of the hypothetical HASC alliance with time shows significant variation in the beginning, but it gains stability with the application of stability control strategies; (2) the cooperation stability of HASC alliance is very sensitive to the performance of the strategies that control the customer and environment variations; (3) the factors of trust and market fluctuation have higher effects on membership and environmental stability, respectively; (4) the minimum and maximum cost ranges of control strategies at which the alliance can maintain its stability and performance are 5% and 29%, respectively, of the total operation cost. This study attempted to guide the A-SMEs to gain advantages by seeking to form a collaborative relationship.



The implications of this study for practice, policy, and theory include: (1) giving new insight into how the A-SMEs can develop their own AE business in a sustainable cooperative way in the current AE market—seeking to form the “HASC alliance”; (2) which policies, strategies, and methods should be used for the supply chain management and cooperation stability control of the HASC alliance, to cope with the problems that may hamper development; (3) the proposed theories, conceptual framework, and strategies in this study provide an excellent starting point for follow-up research. The problems such as the optimizing allocations of the centralized transit facilities, the dynamic food delivery scheduling method to cope with the uncertain food demand, and the maximization of the utilization rates of the MTJD transport system are major directions that need to be further investigated.



The present study has a few limitations. The conceptual framework presented in this study should be followed by empirical validation, which is crucial to convert this conceptual framework into a successful managerial tool. This may require large-scale data and engaging a wide range of functional specialties and process integration experts to capture the uncertainties of the HASC alliance. Moreover, policy and market conditions and customers’ behaviors may vary over regions (e.g., different countries). A series of processes involving policy study, customer investigation, feasibility analysis, and market assessment are critical to the success of the proposed alliance and corresponding implementation strategies. Therefore, further research is required to perfect the proposed framework with a reliable, proactive investigation scheme, which helps to improve the transportability of the proposed conceptual framework and strategies implantation issues.
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Table A1. The mathematical equations for the HASC cooperation stability model.






Table A1. The mathematical equations for the HASC cooperation stability model.





	No.
	Equations





	1
	Environmental stability = INTEG (Control Rate1-Unblance Rate1, 0)



	2
	Unbalance Rate1 = RTA × 0.1424 + Costumer Requirement × 0.2848 + Market Fluctuation × 0.2992 + ECO × 0.1344 + POL × 0.1392



	3
	Control Rate1 = DELAY3I (CMS × 0.6 + EFCS × 0.4, 3, 0)



	4
	Market Fluctuation = MPF × 0.4 + MDF × 0.6



	5
	Costumer Requirement = (TR + FR)/2



	6
	MDF = PULSE TRAIN (0, 0.3, 1.5, 60)



	7
	TR = WITH LOOKUP (Time, [(0, 0) − (60, 1)], (0, 0.8), (3, 0.79), (6, 0.78), (12, 0.76), (18, 0.73), (30, 0.7), (60, 0.7))



	8
	Membership Stability = INTEG (Control Rate2-Unblance Rate2, 0)



	9
	Unbalance Rate2 = RIS × 0.1064 + IO × 0.2482 + CS × 0.1182 + LEA × 0.1359 + RBD × 0.1477 + IS × 0.1211 + RLD × 0.1226



	10
	Control Rate2 = DELAY3I (MMS × 0.5 + PMS × 0.3333 + RMS × 0.1667, 3, 0)



	11
	IO = 0.3333 × PC × (0.5 − RAMP (0.008, 0, 60)) + EC × 0.6667 × (RAMP (0.008, 0, 60))



	12
	RIS = WITH LOOKUP (Time, ([(0, 0) − (60, 1)], (0, 0.5), (3, 0.495), (6, 0.48), (9, 0.45), (12, 0.41), (15, 0.4), (18, 0.39), (21, 0.385), (24, 0.38), (60, 0.35))



	13
	IS = WITH LOOKUP (Time, ([(0, 0) − (60, 1)], (0, 0.15), (7, 0.17), (15, 0.2), (23, 0.25), (30, 0.34), (37, 0.46), (45, 0.55), (52, 0.6), (60, 0.63))



	14
	Relationship Stability = INTEG (Control Rate3-Unblance Rate3, 0)



	15
	Unbalance Rate3 = TRU × 0.0902 + CT × 0.0708 + CM × 0.1247 + GC × 0.0892 + RLD × 0.0789 + DDR × 0.0844 + IO × 0.1629 + IS × 0.0795 + RBD × 0.096 + EM × 0.1236



	16
	Control Rate3 = DELAY3I (MMS × 0.1667 + PMS × 0.3333 + RMS × 0.5, 3, 0)



	17
	EM = WITH LOOKUP(Time, ([(0, 0.4) − (60, 1)], (0, 0.5), (3, 0.45), (6, 0.43), (9, 0.46), (12, 0.482), (15, 0.5), (18, 0.482), (21, 0.478), (24, 0.48), (27, 0.53), (30, 0.561), (33, 0.583), (36, 0.574), (39, 0.587), (42, 0.579), (45, 0.592), (48, 0.618), (51, 0.61), (54, 0.632), (57, 0.661), (60, 0.682))



	18
	DDR = WITH LOOKUP (Time, ([(0, 0) − (60, 1)], (0, 0.5), (1, 0.49), (2, 0.485), (3, 0.47), (6, 0.45), (9, 0.42), (13, 0.4), (18, 0.39), (24, 0.38), (31, 0.37), (60, 0.35))



	19
	TRU = WITH LOOKUP (Time, ([(0, 0) − (60, 1)], (0, 0.2), (6, 0.21), (12, 0.23), (18, 0.26), (24, 0.29), (30, 0.33), (36, 0.36), (42, 0.38), (60, 0.45))



	20
	CM = WITH LOOKUP (Time, ([(0, 0.4) − (60, 1)], (0, 0.5), (3, 0.45), (6, 0.43), (9, 0.461), (12, 0.482), (15, 0.5), (18, 0.482), (21, 0.478), (24, 0.48), (27, 0.531), (30, 0.561), (33, 0.583), (36, 0.575), (39, 0.587), (42, 0.579), (45, 0.592), (48, 0.618), (51, 0.611), (54, 0.632), (57, 0.661), (60, 0.682))



	21
	EFCS = RANDOM NORMAL (0.3, 1, 1, 1, 1) × The Gap with Expected Performance



	22
	CMS = RANDOM NORMAL (0.9, 1, 1) × (The Gap with Expected Performance ^ (0.8) + 0.4)



	23
	MMS = RANDOM NORMAL (0.8, 1.2, 4) × (The Gap with Expected Performance ^ (0.7) + 0.3)



	24
	PMS = RANDOM NORMAL (0, 0.8, 0.4, 1, 0) × The Gap with Expected Performance



	25
	RMS = RANDOM NORMAL (0.2, 0.8, 1) × (The Gap with Expected Performance ^ (0.7) + 0.3)



	26
	The Gap with Expected Performance = Expected Performance–Performance of HASC Alliance



	27
	Performance of HASC Alliance = ((BEN + SQ + SAI + HDOP)/4) + Cooperation Stability of HASC Alliance × 0.2 − Cost of Control Strategies



	28
	Cost of Control Strategies = (EXP ((Control Rate1 + Control Rate2 + Control Rate3)/3)) × 0.36



	29
	Cooperation Stability of HASC Alliance = (Environmental stability × 0.25 + Membership Stability × 0.3 + Relationship Stability × 0.3) − Cost of Control Strategies × 0.15



	30
	BEN = (TC + PR)/2



	31
	SQ = (SR + CT + NC)/3



	32
	SAI = (KSR + PPI)/2



	33
	HDOP = (TRH + IR + EVR + FDR + OFR)/5
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Table A2. The weight of each factor in different subsystems.
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Subsystem

	
Factor

	
Description

	
Weight

	
Initial Value






	
Cooperative

environment

	
POL

	
Public Policy

	
0.139

	
0.6




	
ECO

	
Economic Situation

	
0.134

	
0.3




	
MF

	
Market Fluctuation

	
0.299

	
-




	
MDF

	
Market Demand Fluctuation

	
0.6

	
0.79




	
MPF

	
Market Price Fluctuation

	
0.4

	
0.3




	
RTA

	
Regional Traffic Accessibility

	
0.142

	
0.9




	
CR

	
Consumer Requirements

	
0.285

	
-




	
TR

	
Timeliness Requirement

	
0.5

	
-




	
FR

	
Freshness Requirement

	
0.5

	
0.9




	
Membership factor

	
IO

	
Individual Opportunism

	
0.248

	
-




	
EC

	
Expected Cost

	
0.667

	
0.85




	
PC

	
Previous Contraction

	
0.333

	
0.85




	
RLD

	
Rationality of Labor Distribution

	
0.123

	
0.78




	
IS

	
Information Symmetry

	
0.121

	
-




	
RBD

	
Rationality of Benefit Distribution

	
0.148

	
0.84




	
CS

	
Capacity Structure

	
0.118

	
0.67




	
LEA

	
Leadership

	
0.136

	
0.75




	
Relationship factor

	
RIS

	
Resistance of Internal Staff

	
0.106

	
-




	
IO

	
Individual Opportunism

	
0.163

	
-




	
EC

	
Expected Cost

	
0.667

	
0.85




	
PC

	
Previous Contraction

	
0.333

	
0.85




	
RLD

	
Rationality of Labor Distribution

	
0.079

	
0.78




	
IS

	
Information Symmetry

	
0.08

	
-




	
RBD

	
Rationality of Benefit Distribution

	
0.096

	
0.84




	
DDR

	
Delivery Delay Rate

	
0.084

	
-




	
CT

	
Cultural Tolerance

	
0.071

	
0.79




	
GC

	
Goal Congruence

	
0.089

	
0.85




	
TRU

	
Trust

	
0.09

	
-




	
CM

	
Coordinating Mechanism

	
0.125

	
-




	
EM

	
Exchange Mechanism

	
0.124

	
-










Appendix B


The following questionnaire was used to collect the weight values of the factors.



Dear Expert:



This questionnaire is to investigate the cooperation stability of the agri-food supply chain alliance with the aim of fully understanding the level of the effect of related factors on cooperation stability. Here, we list the factors that may have a significant effect on the cooperation stability of the alliance. Please rate the magnitude of the influence level of each factor based on your rich work and research experience. Different magnitudes of effect and the corresponding scores are shown in the table below. For example, if you think the factor of “policy” has a “very slight” effect on environmental stability, please check in the box below level “1”, and if its effect is slight, you can tick the box below 2, and so forth.



Thank you for providing your time to help us in our work.



	
Score

	
1

	
2

	
3

	
4

	
5




	
Magnitude

	
Very slight

	
Slight

	
Average

	
Heavy

	
Very important




	
Factors

	
Meaning

	
Category

	
Level




	
1

	
2

	
3

	
4

	
5




	
Policy

	
The policies promulgated by the government for promoting the development of agri-food e-commerce and supporting the business of related enterprises.

	
Environment

	

	

	

	

	




	
Economy

	
Local macroeconomic conditions and average household economic state.

	

	

	

	

	




	
Accessibility

	
The accessibility of local traffic network (including spatial and temporal accessibility).

	

	

	

	

	




	
Market

	
The conditions of the whole agri-food market, including price, demand, competition, and so on.

	

	

	

	

	




	
Customer

	
The customer’s demand and acceptance of the services that are provided by e-business.

	

	

	

	

	




	
Price fluctuation

	
The fluctuation of agri-food price.

	
Environment (Market)

	

	

	

	

	




	
Demand fluctuation

	
The fluctuation of agri-food demand.

	

	

	

	

	




	
Timeliness requirement

	
Customer’s requirement for timeliness.

	
Environment (Customer)

	

	

	

	

	




	
Freshness requirement

	
Customer’s requirement for food freshness.

	

	

	

	

	




	
Resistance from internal staff

	
Whether the internal staff of a company has opposite opinions on the decision to join the alliance.

	
Membership

	

	

	

	

	




	
Capacity structure (structure of ability)

	
The elements that constitute the capability of the company and how they are related to each other.

	

	

	

	

	




	
Leadership

	
The abilities or qualities the leaders of each member company have, especially in the aspect of making decisions related to alliance business.

	

	

	

	

	




	
Individual (company’s) opportunism

	
The behaviors of a company that takes advantage of any situation, often with no regard for principles or consequences

	
Membership/Relationship

	

	

	

	

	




	
Rationality of benefit distribution

	
Whether the alliance fairly distributes benefits to each member company in accordance with its contribution.

	

	

	

	

	




	
Rationality of labor distribution

	
Whether the alliance reasonably assigns the work to each member company according to its competence.

	

	

	

	

	




	
Information symmetry

	
Whether the companies are able to obtain the same information about any activities of the alliance and market.

	

	

	

	

	




	
Delivery delay rate

	
The rate at which the downstream companies in the chain unsuccessfully deliver the goods in time (schedule) to their upstream partners.

	
Relationship

	

	

	

	

	




	
Cultural tolerance

	
How much the participant companies are willing to accept or tolerate each other, especially when encountering opinions or behaviors that may not be shared by the others.

	

	

	

	

	




	
Goal congruence

	
Whether the goals of companies in the alliance are similar or fit together well.

	

	

	

	

	




	
Coordinating mechanism

	
Given the complex relationship between members of an alliance, a series of regulations, rules, and provisions are made to coordinate the relations of member companies.

	

	

	

	

	




	
Exchange mechanism

	
To ensure the unhindered communication within the alliance, a series of regulations, rules, and provisions are made.

	

	

	

	

	




	
Trust

	
How much do the member companies trust each other?

	

	

	

	

	




	
Expected cost

	
The cost that the company expected for joining the alliance.

	
Membership/Relationship

(Individual opportunism)

	

	

	

	

	




	
Previous connection

	
The degree to which partners know each other before forming a cooperative alliance.
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Figure 1. Organizational structure of the home-delivery-oriented agri-food supply chain (HASC) alliance. 
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Figure 2. Business process of the HASC alliance. 
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Figure 3. Semi-centralized extended supply chain. 
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Figure 4. Equipment of a multi-temperature joint distribution (MTJD) system. 
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Figure 5. Material flows of an MTJD system. 
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Figure 6. Schematic diagram of the proposed hybrid push-pull control mechanism. 
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Figure 7. Framework of the proposed three-step analytic method. 
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Figure 8. An illustrative causal loop diagram (CLD). 
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Figure 9. An illustrative stock-flow diagram (SFD). 
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Figure 10. Stability system of the HASC alliance. 
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Figure 11. Causal loop diagram of the HASC alliance. 
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Figure 12. Influence subsystem. 
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Figure 13. Performance appraisal subsystem. 
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Figure 14. Stability control subsystem. 
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Figure 15. System dynamic model of cooperation stability of HASC alliance. 
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Figure 16. (a) Stability of each subsystem. (b) Performance of the alliance. (c) Stability of the alliance. 
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Figure 17. (a) Effect of the failure of environmental fluctuation coping strategies (EFCS) and customer management strategies (CMS) on environmental stability. (b) Effect of the failure of strategy 1 on environmental stability. (c) Effect of the failure of strategy 2 on alliance stability. (d) Effect of the failure of strategy 3 on alliance stability. 
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Figure 18. (a) Impact of change in trust (TRU) and information symmetry (IS) on membership stability. (b) Impact of change in TRU and IS on relationship stability. 
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Figure 19. Impact of change in market price fluctuation (MPF) and timeliness requirement (TR) on environmental stability. 
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Figure 20. (a) Relationship between stability control cost and alliance stability. (b) Relationship between stability control cost and performance. (c) Critical value of cost of control strategies for alliance stability. (d) Critical value of cost of control strategies for alliance performance. 
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Figure 21. Logistic workflow of the HASC alliance. 
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Table 1. Detailed information about investigated local costumers.
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Variable

	
Description

	
Frequency

	
Percentage






	
Gender

	
Male

	
155

	
52.01%




	
Female

	
143

	
47.99%




	
Age

	
18–30

	
161

	
54.03%




	
30–39

	
42

	
14.09%




	
40–49

	
42

	
14.09%




	
50–59

	
38

	
12.75%




	
≥60

	
15

	
5.03%




	
Education

	
Below high school degree

	
54

	
18.12%




	
High school degree

	
39

	
13.09%




	
Bachelor’s degree

	
113

	
37.92%




	
Graduate degree

	
38

	
12.75%




	
Post-graduate degree

	
54

	
18.12%




	
Employment

	
Workers

	
108

	
36.24%




	
Students

	
91

	
30.54%




	
Part-time

	
20

	
6.71%




	
Self-employed

	
34

	
11.41%




	
Retired

	
33

	
11.07%




	
Other

	
12

	
4.03%




	
Family status

	
Live alone

	
110

	
36.91%




	
Couple without children

	
73

	
24.50%




	
Couple with children

	
81

	
27.18%




	
Other

	
34

	
11.41%




	
Income (RMB per month)

	
Low (<3000)

	
139

	
46.64%




	
Low to mid (3000–6000)

	
107

	
35.91%




	
Mid (6000–9000)

	
32

	
10.74%




	
Mid to high (9000–12,000)

	
15

	
5.03%




	
High (>12,000)

	
5

	
1.68%












© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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