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Abstract

:

With the rapid development of e-commerce in China, “live broadcast + e-commerce” has become an emerging mode of the e-commerce industry. The speedy growth of the digital economy has also provided a favorable external environment for fresh agricultural products to ride on the e-commerce express train. As a result, more and more suppliers of fresh agricultural products choose to sell their products on e-commerce platforms and conduct live streaming. This paper utilizes the e-commerce supply chain field survey data, takes tomato as the specific analyzed variety, and studies the revenue distribution pattern of each subject in the supply chain. The purpose of this paper is to explore the optimization strategy of the revenue distribution of an agricultural e-commerce supply chain, and the results show that the agricultural e-commerce supply chain effectively promotes the matching of supply and demand of medium- and high-end agricultural products, realizes the quality premium of medium- and high-end agricultural products, and significantly improves the overall revenue level of the supply chain. The field survey found that under the supply chain model of “farmers + cooperatives + e-commerce platform”, farmers, cooperatives, and e-commerce platforms gained $2865, $3098, and $1111, respectively, for operating one mu of tomatoes in a year. According to the traditional Shapley value method, from the point of view of the contribution to the cooperative income, part of the income of the farmers and cooperatives should be compensated to the e-commerce platform, and the specific results are as follows: the income of the farmers should be reduced from $2865 to $2729, the income of the cooperatives should be reduced from $3099 to $2955, and the income of the e-commerce platform should be increased from $1111 to $1390. According to the Shapley value method based on the risk coefficient correction, from the perspective of risk compensation, part of the earnings of the e-commerce platform should be compensated to farmers and cooperatives, so as to establish a more equitable and reasonable pattern of earnings distribution, with the specific results: the earnings of farmers should be increased to $3205, the earnings of cooperatives should be increased to $3148, and the earnings of the e-commerce platform should be reduced to $722.
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1. Introduction


China’s traditional supply chain of fresh agricultural products has some outstanding problems, such as the disconnection between production and marketing, many circulation links, and high circulation costs [1,2], which has led to drastic fluctuations in the price of agricultural products, and the phenomenon of stagnation and difficulty in selling is frequent, suffering from strong social concern. According to monitoring by the Information Centre of the Ministry of Agriculture and Rural Development, in December 2021, China’s Guangxi, Fujian and many other regions had tomatoes and mandarin oranges in distress; in December 2022, China’s Henan, Shaanxi and many other regions had Chinese cabbages and cabbage in distress; and in November 2023, China’s Shandong, Hebei and many other regions had Chinese cabbages, scallions, carrots, peppers and white radishes in distress. In recent years, with the accelerated application of information technology in circulation, the digital transformation of China’s agricultural product circulation has been deepening, and new modes of circulation based on the Internet to transform the traditional supply chain of agricultural products have been emerging, providing new ideas and new ways to modernize and upgrade the supply chain of agricultural products. Especially during the Coronavirus Disease 2019, agricultural e-commerce has played a unique advantage in guaranteeing the supply of agricultural products to urban and rural residents, because of its adaptation to “non-contact” shopping needs. A reasonable revenue distribution mechanism is the key to effectively coordinating the interests of each subject in the supply chain, and promoting the sustainable and healthy development of the agricultural e-commerce supply chain. The revenue distribution mechanism of the agricultural e-commerce supply chain has always been a research hotspot. Some studies have shown that farmers are often unable to share e-commerce gains equally due to their vulnerable position [3,4], and even small farmers are discriminated against by e-commerce and are excluded from the e-commerce supply chain [5,6,7]. It is also pointed out that suppliers are supposed to be allocated a higher share of revenue in the agricultural e-commerce supply chain [8,9]. However, is the current revenue allocation in the agricultural e-commerce supply chain reasonable? Do more scientific and reasonable revenue allocation schemes exist? There has always been a lack of research based on field research data around the above issues. Tomatoes are one of the main vegetable varieties in China and are a common vegetable variety sold on various e-commerce platforms. In this paper, we will take a case study approach, using tomatoes as the specific analyzed species, to conduct an in-depth analysis of the revenue distribution pattern of the agricultural e-commerce supply chain. The innovation of this paper lies in the use of field survey data, quantitatively measuring the benefits of each subject of the e-commerce supply chain, taking full account of the differences in the risk borne by each subject, and proposing a fairer and more reasonable benefit distribution scheme.




2. Literature Review


From the current literature, scholars’ research on the revenue distribution of agricultural e-commerce supply chains mainly focuses on the following three aspects. Firstly, the studies on the results of revenue distribution. Scholars’ research generally shows that there is a gain imbalance among the subjects in the agricultural e-commerce supply chain. Wang Hongchun et al., studied the distribution of gains in the supply chain of agricultural products in live broadcasting economic activities, and the results showed that the gains allocated by farmers and distributors in the supply chain of live broadcasting of agricultural products were low, while the benefits assigned by live broadcasting merchants were high [10]; Liu Rui analyzed the distribution of gains among suppliers, logisticians and e-commerce platforms in the agricultural e-commerce supply chain, and the findings suggested that the gains gained by the suppliers were much higher than other subjects in the supply chain; however, this is consistent with the dominant position of suppliers in the agricultural e-commerce supply chain, which is reasonable [8]. Sun Yingsun investigated the revenue distribution of cross-border export e-commerce, and the results showed that the revenues of cross-border e-commerce enterprises and overseas import retailers were low, and those of small- or medium-sized manufacturing enterprises and cross-border logistics enterprises were high [11].



Secondly, research on the mechanism for optimizing the distribution of benefits. Scholars have proposed different key factors from various perspectives on how to establish a more scientific and reasonable distribution mechanism of benefits. Yang Lingyi, in studying the distribution of benefits of supply chain alliances under the environment of cross-border e-commerce, integrally considered the factors of innovation, risk, resource input, and return on investment, and improved the original model of benefit distribution [12]; Zhu Yi-Qing et al., in their study of the mechanism of benefit distribution in the agricultural e-commerce supply chain, by introducing four major influencing factors, namely, the degree of contribution to resources, the extent of the response to the implementation, the input degree of ecology, and the level of prevention and control of risk, they put forward a more scientific and rational income distribution strategy that affects factor weights [13]. Sun Yingsun designed a revenue distribution mechanism for cross-border e-commerce supply chain, comprehensively taking into account factors such as the degree of integration input of marketing and logistics resources by each participating subject and the risk control ability of supply chain operation [11]; Wang Hongchun et al. introduced five correction factors, including risk sharing, innovation input, resource input, effort, and government subsidy, to establish a distribution model for the benefits of the agricultural supply chain in live broadcasting economic activities [10]. Through analyzing Bangladesh’s agricultural e-commerce supply chain, Abrar Rahman et al. propose that by minimizing distribution channels, the number of middlemen in both agricultural and e-commerce supply chains can be reduced. Additionally, they introduce potential methods such as cooperative models, contract farming, common buyer-seller platforms, and integrating distribution with technology to increase farmers’ income [14]. Yujia Yang expands the revenue distribution model of e-commerce by incorporating network externalities and user base utility, considering different user and platform attributions. They construct a competitive model for agricultural supply chain e-commerce platforms, and based on the conclusions of the model, propose corresponding competitive strategies for these platforms in competitive markets from the perspectives of platform differentiation, network externalities, and bilateral user attribution [15]. Min Li utilizes the freshness of fresh agricultural products (FAP) and spatiotemporal logistics costs as variables to develop analytical models for FAP supply chains. These models aim to depict profit-sharing contracts among e-commerce platforms, FAP suppliers, and logistics service providers [16,17,18]. Qing Yang et al. examine the operational mode of the new O2O retail fresh supply chain by developing a Stackelberg game model. The study focuses on the freshness and efforts to maintain the freshness of fresh agricultural products, analyzing and comparing the overall income of the supply chain under various decision-making scenarios. Lastly, the study discusses the impact of revenue-sharing contracts on the profitability of the supply chain through numerical analysis [19]. Based on blockchain technology, Liyan Chu has constructed an optimized model for cross-border e-commerce fresh agricultural product supply chains. Considering the lower overall profit levels in developing regions, the smaller total profit gains in saturated areas, and the significant disparity in profits between both sides, it is recommended to conduct price adjustments and decision coordination in core regions. This approach ensures higher profits for all three parties and comprehensively coordinates profits between both sides [20,21].



Finally, the research on the revenue allocation method. Xie Wenjing et al. used Rubinstein’s bargaining model to study the problem of e-commerce supply chain financing residual revenue distribution. Rubinstein’s bargaining model has obvious advantages, such as strict mathematical derivation and theoretical foundation, consideration of the time factor and the discount factor, and realistic explanatory power. However, it also has the disadvantage that its strict assumptions, such as participants’ complete rationality and complete symmetry of information, are different from reality, and usually only two participants are considered, so the applicability is limited [22]. Qu Qiao et al. constructed a revenue coordination model based on the three-dimensional comprehensive cloud of risk-taking, input cost, and level of effort through the cloud centre of gravity method, and researched the cooperation and revenue coordination of e-commerce-dominated supply chain finance, which is able to deal with the ambiguity and uncertainty of the information effectively, convert the qualitative evaluation into quantitative values, and be used for comprehensive evaluation of multiple indicators and intuitively reflect the system state changes, but it also has drawbacks: there may be subjectivity in determining the weights of the indicators, and its calculation process is relatively complex, which requires a certain degree of professional knowledge and skills to be accurately applied [23]. Liu Rui explores the agricultural e-commerce supply chain based on the evolutionary game perspective with the help of the improved fairness entropy and the improved asymmetric Nash negotiation of the revenue allocation model, and the optimal scheme of revenue allocation [8]. Yang Lingyi, Ren Min et al., Zhu Yi-Qing et al., and Wang Hongchun et al. all applied the Modified Shapley value method to study the revenue allocation strategies of each subject in the cross-border e-commerce supply chain alliance, bank supply chain based on third-party B2B e-commerce platforms, agricultural product e-commerce supply chain, and agricultural product live streaming supply chain, respectively [10,12,13,14,15,16,17,18,19,20,21,24,25]. Compared with the cloud centre of gravity method, the Modified Shapley method can consider the actual situation among the cooperative subjects more comprehensively, such as the risk factor, rather than dealing with ambiguous information alone, which makes the allocation results more objective and accurate. Compared with Rubinstein’s bargaining model, it is not only applicable to multi-participant cooperation but also richer in consideration factors, unlike Rubinstein’s model, which has strict assumptions and limited application scenarios. The modified Shapley method can be better adapted to the complex real-life cooperation situation and provide a more reasonable solution for the benefit allocation of multi-actor cooperation [12,26,27,28,29,30,31,32,33,34,35,36,37] (Table 1).



As an important subject in the agricultural e-commerce supply chain, agricultural cooperatives have experienced rapid growth in recent years, with their numbers continuously increasing. However, issues such as irregular management, low service quality, and a shortage of talent have become increasingly prominent, impacting their sustainability and future high-quality development [38]. In the context of specific agricultural production practices in certain areas, Xiaofan Xiao et al. analyzed the various challenges faced by farmers’ professional cooperatives in Shangqiu City, such as lack of funding, insufficient market information, and conservative attitudes among the community [39]. Research by Ibikoule, G.E et al. on the Republic of Benin also indicates that current agricultural cooperatives are underperforming and lack sustainability [40].



In the context of e-commerce, agricultural cooperatives can directly connect with consumers through e-commerce platforms, thereby increasing sales, promoting sustainable and green agriculture, and attracting international market attention. This model not only helps enhance product visibility and sales channels but also strengthens the brand image of agricultural products, further facilitating exports. However, during this process, issues of illegal financial flows have gradually emerged, affecting the healthy development of the economy and fair competition in the market. Viriyasack Sisouphanthong et al. used the example of the Lao People’s Democratic Republic, a landlocked least developed country that relies on agricultural product exports, to estimate the extent of trade mispricing for certain agricultural exports, demonstrating its potential impact on tax revenue loss and subsequent economic effects [41].



By reviewing the existing literature, it can be seen that many scholars have studied the issue of revenue distribution in the agricultural e-commerce supply chain, and have achieved relatively rich research results. However, in view of this, this paper, on the basis of fully absorbing the existing research results, analyses in detail the typical cases of agricultural e-commerce supply chain, researches the distribution of benefits of each relevant subject based on the actual survey data, and takes into full consideration the inconsistent level of risk borne by each subject of e-commerce supply chain, integrates the risk factor into the benefits for optimization analysis, so as to put forward more scientific and reasonable strategies for the distribution of benefits.




3. Case Introduction


3.1. Case Selection


Whether e-commerce enterprises have ownership of agricultural products, the agricultural e-commerce supply chain can be divided into self-operated e-commerce supply chain mode and platform-type e-commerce supply chain mode. In the self-owned e-commerce supply chain model, the e-commerce enterprise owns the ownership of agricultural products and dominates the online business activities of such goods; while in the platform-based e-commerce supply chain model, the e-commerce company does not own the ownership of agricultural products, but only provides a trading platform for the online shop, which owns the ownership of agricultural products and dominates the online business activities of such goods. At present, most of the agricultural e-commerce supply chains are platform-type e-commerce supply chains, so this paper selects the typical cases of platform-based e-commerce supply chains to carry out research.



The case study in this paper comes from the field research on the platform-type e-commerce supply chain model of “farmers + BJMZLT Cooperative + TM e-commerce platform enterprise”, which was conducted by the agricultural e-commerce team of the Agricultural Information Institute of Chinese Academy of Agricultural Sciences (CAAS) in Beijing from September to November 2023. The group used tomatoes as the analyzed species and dissected the costs and benefits of farmers, BJMZLT cooperative, and TM e-commerce platform enterprise. The subject group adopted diversified ways to obtain data and cross-validated the data to improve the validity of the case. There are three main ways to obtain data: first, field research. In September 2023, members of the group went to Miyun District and Chaoyang District of Beijing, respectively, to conduct research on farmers, BJMZLT cooperative, and TM e-commerce platform enterprise, to learn about the mode of their cooperation and the cost-benefit of operating tomatoes. Second, information review. In October 2023, the members of the research team reviewed the company introduction, financial reports, press releases, and other public information of the BJMZLT cooperative and the TM e-commerce platform enterprise on the Internet. Third, expert interviews. In November 2023 members of the subject group interviewed a number of experts in the field of agricultural e-commerce to learn about the mode of cooperation and distribution of benefits among the various subjects in the e-commerce supply chain and to validate the results of the group’s field research.




3.2. Case Description


The case study of this paper is located in Miyun District, Beijing, which is a major fruit and vegetable producing area in Beijing, and tomatoes are the most important and typical vegetable species grown in Miyun District. At the same time, ‘Farmers + Cooperative + E-commerce platform enterprise’ is the most common e-commerce supply chain model; therefore, the research case selected in this paper has significant representativeness and strong practical significance.



In the e-commerce supply chain model of “Farmers + BJMZLT Cooperative + TM e-commerce platform enterprise”, TM e-commerce platform enterprise (hereinafter referred to as e-commerce platform) is a typical platform-type e-commerce business, with a scale of development that ranks the forefront in the country. The BJMZLT Cooperative (hereinafter referred to as the cooperative) is located in the Miyun District of Beijing, and produces green and high-quality agricultural products relying on the good ecological environment of Miyun. The farmers are members of the BJMZLT cooperative, where the farmers themselves are responsible for tomato production, and the cooperative is responsible for purchasing tomatoes from the farmers and selling them on the TM e-commerce platform but does not intervene in tomato production. In the case of this paper, the cooperative is at the core of the supply chain and plays a leading role in supply chain integration. On the one hand, the cooperative buys tomatoes from farmers on the production side; on the other hand, the cooperative opens an online shop on an e-commerce platform to sell tomatoes on the sales side. The cooperative owns the tomatoes and dominates the activities of the tomato business. The e-commerce platform builds a connection platform between production and sales, mainly playing the role of facilitating transactions.




3.3. Measurement of the Benefits of Each Subject in the Supply Chain


In this paper, for the sake of comparison, all the data are calculated according to one hectare a year when analyzing the cost and benefit of tomatoes operated by farmers, cooperatives, and e-commerce platforms. In the e-commerce supply chain model of “farmers + cooperative + e-commerce platform”, there are three types of subjects: farmers, cooperative and e-commerce platform, and the following is a detailed analysis of the benefits of each subject.



3.3.1. Farmers


Farmers are responsible for tomato production, relying on the excellent local natural ecological environment, and adopting a green planting model, applying organic fertilizers and bio-pesticides, without the use of chemical fertilizers and pesticides. Farmers bear all costs and risks associated with tomato production. It should be noted that farmers do not take into account their own labor inputs when producing and selling their own tomatoes (however, the cost of hiring other people by the farmer needs to be included in the cost). The farmer producing one hectare of tomatoes incurs costs of $2811 for greenhouse rental, seedlings, hired labor, organic fertilizers, and bio-pesticides, of which $1135 of the farmer’s own labor inputs are not included in the costs. The yield is 10,000 catties, and the purchase price at which the farmer sells to the cooperative is $0.57 per catty, which gives the farmer a return of $2865 after costs are removed (Table 2).




3.3.2. Cooperative


The cooperative purchases tomatoes produced by farmers, assuming that farmers sell all the tomatoes produced by one hectare of land to the co-operative, the purchase cost of the co-operative is $5676. Cooperative needs to pay for processing, courier, network marketing, online shop technical services, and other costs of $5416 when the e-commerce platform opens an online shop to sell tomatoes, plus procurement costs, the total cost of $11092. The online selling price of tomatoes is $1.42 per catty, and the cooperative gains $3099 (Table 2).




3.3.3. E-Commerce Platform


The e-commerce platform does not directly operate the purchase and sale of tomatoes, mainly to build a trading platform for cooperatives and sellers, and to provide services to promote the trading of tomatoes. According to the cooperative’s online tomato sales of 10,000 catties to measure, the e-commerce platform generates a total of $2045 in costs for the operation and maintenance of the online shop, technical support, activity planning, publicity and promotion, as well as management costs. The cooperative pays $3156 to the e-commerce platform for online marketing and technical services for the online shop, which results in a revenue of $1111 for the e-commerce platform (Table 2).





3.4. Supply Chain Benefit Analysis


Compared with the traditional supply chain of agricultural products, the most significant feature of the agricultural e-commerce supply chain is the use of Internet technology, to obtain information on consumer preferences, and timely response to the production side, to guide farmers to produce in line with the market demand, so as to effectively promote the precise matching of supply and demand of high-end agricultural products, achieving the quality premium. In the case of this paper, on the one hand, the cooperative open an online shop on the e-commerce platform, and actively participates in the network marketing activities organized by the e-commerce platform, so as to attract medium- and high-end customers who pay attention to the quality of agricultural products; on the other hand, the cooperative carries out an in-depth analysis of the user’s consumption characteristics by means of the e-commerce platform’s big data system, and guides farmers to adopt ecological cultivation to produce high-quality tomatoes, relying on the advantages of the local favorable ecological environment in Miyun. With the help of the e-commerce platform, the cooperative has created a supply chain of high-quality ecological agricultural products, fully realized the quality premium of agricultural products, and significantly increased the level of income in the agricultural products supply chain. The field research found that according to the operation quantity of 10,000 catties of tomatoes per hectare per year, the model of “farmers + cooperative + e-commerce platform” generated a total income of $7075 which is obviously higher than the revenue level of the traditional supply chain. In the ‘farmer + cooperative + e-commerce platform’ supply chain model, farmers, co-operative, and the e-commerce platform gained $2865, $3099, and $1111, respectively, while when farmers, co-operatives and the e-commerce platform operated separately (as measured below), farmers, co-operative and the e-commerce platform gained $2723, $3007 and $1111, respectively. Compared to operating separately, the revenues of farmers and cooperatives increase, while the revenues of the e-commerce platform remain unchanged, but the number of users increases and the scale of business expands, which is crucial for the e-commerce platform to further develop in the future. Therefore, farmers, cooperatives, and e-commerce platforms all have incentives to choose the ‘farmer + cooperative + e-commerce platform’ supply chain cooperation model.



In terms of the distribution of benefits among the main bodies of the supply chain, it can be seen from Table 1 that in the supply chain model of “farmers + cooperative + e-commerce platform”, farmers, cooperative and e-commerce platform gained 40.5%, 43.8%, and 15.7%, respectively, of the total benefits.



Farmers, cooperatives, and e-commerce platforms can all gain revenue, which ensures the sustainable operation of the “farmers + cooperatives + e-commerce platform” model. However, the proportion of benefits for each of the supply chain actors is not balanced, with the cooperative receiving the highest percentage of benefits, followed by farmers, and the e-commerce platform receiving the lowest ratio of benefits. However, is the current revenue distribution among farmers, cooperatives, and e-commerce platforms reasonable? Is there a more scientific and reasonable scheme for revenue distribution? Following, this paper will use the Shapley value method to conduct an in-depth study.





4. Materials and Methods


4.1. Method Description


The Shapley value method, introduced by Lloyd Shapley in 1953, is a method of measuring the contribution of each participant in a co-operative game to the collective payoff. The method is used to equitably allocate benefits or costs in a multi-member co-operation. The Shapley value method takes into account each member’s contribution to the co-operation and allocates benefits or costs by calculating each member’s marginal contribution across all possible combinations of co-operation. Specifically, the Shapley Value Approach defines the value of each participant’s contribution as the difference in value they can generate by collaborating with other participants. This value differential can represent the value gain that would be generated by adding this participant to a different collaborative scenario. The Shapley value method considers all possible collaborative scenarios and arranges them in the order in which the participants join in order to calculate the value of each participant’s contribution.



The calculation of the Shapley value is based on four axioms:



Validity: the sum of the Shapley values of all members equals the total benefit of the co-operation.



Symmetry: two members have equal Shapley values if their contributions to all cooperative combinations are the same.



Additivity: if two co-operative games can be computed separately, then each member’s Shapley value in the combined game is equal to the sum of its Shapley values in each separate game.



Zero contribution: if a member does not contribute to any cooperative combination, its Shapley value is zero.



Shapley value method is a common method used by scholars to study the issue of revenue allocation, according to the degree of contribution of each subject of cooperation revenue to optimize the existing pattern of revenue allocation. The Shapley value method can be used to optimize the distribution of benefits in a supply chain, as long as the total benefit value is the highest when the subjects of the supply chain cooperate together, and the addition of new subjects will not reduce the total benefit value. The Shapley value method has the advantage of being able to calculate the contribution value of each participant in different co-operative games and has a feasible calculation method. The specific approach is as follows:



Assume that     φ   i     v     in a supply chain coalition denotes the value of revenue allocated to member i from the maximum revenue   v   s     of the coalition, and the cooperative allocation strategy is:


  φ   v   =     φ   1     v   ,   φ   2     v   , … …   φ   n   ( v )   ,  



(1)







When     φ   i     v     simultaneously satisfies the three axioms of validity, symmetry, and additivity, then there exists a unique Shapley value for the distribution of supply chain benefits, which can be expressed as follows:


     φ   i     v   =   ∑  s ⊆   s   i      w     s       V   S   − V ( S −   i   )       , i = 1,2 , … … , n   



(2)






  w     s     =      n −   s     !     s   − 1   !   n !     



(3)







In which,   n   denotes the number of people in the set   S  ,     s     is the number of cooperating individuals in the subset,   w     s       is the weighting factor,   V   S     is the subset gain,   V ( S −   i   )   is the gain that can be achieved by removing individual   i   from the subset,   V   S   − V ( S −   i   )   is the value of the contribution made by individual   i   in the cooperation,   V   I     is the maximal gain, and   V   i     is the gain of the individual without cooperation.



It can be seen that the Shapley value method is mainly based on the degree of contribution of each subject in the coalition to distribute the benefits. The greater the contribution of the members, the more revenue is allocated, and vice versa. The distribution of gains in the agricultural e-commerce supply chain is a cooperative game issue, and the Shapley value method can be used to measure the reasonable gain value of each subject in the supply chain alliance.



The data used in this paper come from a case study on the costs and benefits of farmers, cooperatives, and e-commerce platform enterprises under the model of “farmers + cooperative + e-commerce platform enterprise”. Among them, the survey on the production costs of farmers includes renting greenhouses, seedlings, hiring labour, fertilizers, bio-pesticides, etc. The survey on the production costs of cooperative includes purchasing, express delivery, processing, online marketing, and technical services of the online shop; and the survey on the production costs of e-commerce platform enterprise includes operation and maintenance of the online shop, technical support, activity planning, publicity and promotion, and management costs.




4.2. Optimization Strategy Based on Shapley Value Method


This paper takes the example of producing and operating 1 hectare of tomatoes, for the three types of subjects, namely farmers, cooperative, and e-commerce platforms, measures the benefits of each subject under different cooperation methods, and proposes the optimization strategy of benefit distribution based on the Shapley value method.



4.2.1. “Farmers, Cooperative and E-Commerce Platform” Operate Separately


When the farmer operates alone, the yield and cost of tomatoes are the same as in the three-party cooperative, with a yield of 10,000 catties and a cost of $2811. Farmers will sell tomatoes to agents at a price of $0.55 per catty, yielding $2723.



When the cooperative operates alone, it organizes its own production of tomatoes, with the same yield, but compared to the farmer’s production, there is an increase of $1135 in the cost of hiring labor, and the cost of production is $3947. At the same time, it pays $710 for commercialization (packaging, transport, etc.), for a total cost of $4656. The cooperative sells the purchased tomatoes to supermarkets at $0.77 per catty, yielding $3007.



When the e-commerce platform operates alone, there are a large number of similar cooperatives offline, and even if it does not cooperate with existing cooperatives and local farmers, it is easy for the e-commerce platform to find similar cooperatives, so the revenue of the e-commerce platform is still $1111.




4.2.2. “Farmers, Cooperative and E-Commerce Platform” Two-by-Two Cooperative Operations


When farmers and e-commerce platforms cooperate, farmers produce tomatoes and hire live broadcasting organizations to sell goods on the e-commerce platform by live streaming. The output of tomatoes produced by farmers remains unchanged at 10,000 catties; the cost of production remains unchanged at $2811. At the same time, the farmer needs to pay the live- broadcasting organization the fees of $5953 for commission, processing, express delivery, online marketing, etc., and the total cost is $8764. The farmer sells the tomatoes in the live broadcasting room on the e-commerce platform at a price of $1.14 per catty (the sales price in the live broadcasting room is lower than the sales price in the traditional e-commerce platform due to promotions, attracting traffic, and fewer intermediate links), and the revenue is $2588. The revenue of the e-commerce platform was adjusted to $889 with the change in sales.



When the farmer and the cooperative co-operate, the farmer produces tomatoes, which the cooperative buys and sells to the supermarket. The farmer produces the same amount of tomatoes (10,000 catties) and the cost of production is the same ($2811). The farmer sells the tomatoes to the cooperative at $0.57 per catty, yielding $2865. The cooperative’s purchasing cost is $5676, and it also pays $710 for commercialization costs (packaging, transport, etc.), for a total cost of $6386. As tomatoes require careful cultivation, the quality of tomatoes produced under the cooperative model between farmers and the cooperative is better than the cooperative’s solo model, so the cooperative sells the purchased tomatoes to the supermarkets at a price of $0.82 per catty (which is higher than the sales price of the cooperative’s solo model), for a gain of $1845.



When the cooperative and the e-commerce platform work together, the cooperative organizes the production of tomatoes on its own and sells them on the e-commerce platform through an online shop. The output and producing cost of the cooperative are the same as when it operates on its own, 10,000 catties and $3947, respectively. At the same time, it pays $5416 for processing, express delivery, online marketing, and technical services for the online shop, for a total cost of $9363. As analyzed above, the quality of tomatoes produced by the cooperative’s hired labor model is inferior to the tripartite model of “farmer, cooperative, and e-commerce platform”. As a result, the cooperative was only able to sell tomatoes on the e-commerce platform at a price of $1.21 per catty (which is lower than the price of the tripartite cooperative model of “farmers, cooperative, and e-commerce platform”), generating a revenue of $2700. The benefit to the e-commerce platform, which is adjusted for changes in sales, was $944.




4.2.3. Three-Party Co-Operative Operation of “Farmers, Cooperative and E-Commerce Platform”


When “farmers, cooperative and e-commerce platform” operate in a tripartite manner, namely the “farmers + cooperative + e-commerce platform” supply chain model described above, farmers, cooperative and e-commerce platform receive $2865, $3099, and $1111, respectively.




4.2.4. Results Based on Traditional Shapley Value Method Measurements


By substituting the returns of farmers, cooperatives, and e-commerce platforms under different modes of co-operation into the formula of the Shapley value method, the measurement results in Table 3, Table 4 and Table 5 can be obtained.



Based on the calculations, the gains for farmers, cooperatives, and e-commerce platforms were derived separately as follows:



Farmers’ gain: 908 + 284 + 394 + 1144 = 2730



Cooperative’ revenue: 1002 + 331 + 422 + 1199 = 2954



Benefits of e-commerce platforms: 370 + 126 + 106 + 788 = 1390



The measurement results of the traditional Shapley value method show that the returns of farmers decreased from $2865 to $2729, a decrease of $136; the benefits of co-operative decreased from $3099 to $2955, a drop of $144; while the gains of e-commerce platform increased from $1111 to $1390, a rise of $279. This shows that the e-commerce platform contributes more to the co-operation gain of the supply chain of agricultural e-commerce than farmers and cooperatives. From the point of view regarding the degree of contribution to the cooperative gains, there should be a reduction in the gains of farmers and cooperatives while increasing the benefits of the e-commerce platform, so as to establish a fairer and more reasonable pattern of gain distribution.





4.3. Analysis of the Shapley Value Method Based on Risk Factor Modification


4.3.1. Analysis of the Risks Borne by Supply Chain Subjects


According to the principle of matching risk and benefit, the subject who bears high risk should obtain more benefit compensation. A fair and reasonable benefit distribution scheme should fully take into account the risk factor, but the traditional Shapley value method in the analysis of the distribution issue assumes that each cooperation subject bears the same size of risk, but in reality, there are significant differences in the risk borne by each subject in the agricultural e-commerce supply chain. The details are as follows:



Analysis of the risks borne by farmers. Farmers are responsible for producing tomatoes as well as supplying the co-operative. On the one hand, the farmer has to bear a large natural risk. Tomatoes have a long growth cycle, typically 120 to 180 days. Additionally, tomato production can be reduced throughout the production cycle due to disastrous weather such as high temperatures, frost, drought, and flooding. It is particularly noteworthy that the farmers in the case of this paper adopt an ecological model of cultivation and use biopesticides rather than conventional pesticides, which makes the risk of pests and diseases in tomatoes much higher than that of the traditional model, further increasing the natural risks faced by the farmers. On the other hand, farmers have to bear market risks. As a kind of bulk vegetable, tomatoes have many production areas and large production. In recent years, the phenomenon of stagnant sales of agricultural products in China has occurred frequently, and tomatoes have also appeared several times in the regional and staged selling difficulties. The market risk triggered by the imbalance between supply and demand in the tomato market can bring huge losses to farmers. Overall, farmers face the greatest risks in the agricultural e-commerce supply chain.



Analysis of the risks borne by the cooperatives. Cooperatives purchase tomatoes from farmers and then open an online shop on an e-commerce platform for online sales. Cooperatives are generally not involved in tomato planting, although they do not have to bear the natural risks faced in the production process of tomatoes, they have to bear a certain amount of market risk when the tomatoes are slow-moving and difficult to sell. At the same time, cooperatives undertake the sales risk. Cooperatives own the tomatoes and are responsible for their sale. Cooperatives face fierce market competition online, and if they fail to adapt to changes in market demand or their competitiveness in the market declines, they will suffer business losses due to poor tomato sales. Overall, cooperatives also face certain risks in the agricultural e-commerce supply chain.



Analysis of the risks borne by the e-commerce platforms. E-commerce platforms do not have the ownership of tomatoes, but only play an intermediary-like function, providing supply and demand parties with support services such as the display of products, operation, and maintenance of online shops, distribution of logistics, marketing and promotion, and dispute resolution, which play a role in facilitating tomato transactions. E-commerce platforms are not involved in tomato production, nor are they directly involved in tomato online business activities, so they hardly bear the natural risks, market risks, and sales risks in tomato production and operation. Overall, e-commerce platforms face the least risk in the agricultural e-commerce supply chain.




4.3.2. Results Based on the Modified Shapley Value Method of Measurement


In the agricultural e-commerce supply chain, farmers, cooperatives, and e-commerce platforms do not carry the same degree of risk individually. Since it is difficult to calculate the risk value precisely, this paper adopts the hierarchical analysis method and the fuzzy comprehensive judgment method to specifically estimate the coefficient of risk borne by each subject. The group first invited five experts in the field of e-commerce from the Institute of Agricultural Information of the Chinese Academy of Agricultural Sciences, Renmin University of China, China Agricultural University, Shanghai Jiaotong University, and Beijing University of Technology and Business to form a risk assessment group, and scored the degree of each kind of risk borne by farmers, cooperatives and e-commerce platforms; and then, established a judgment matrix based on the expert’s scores, and adopted the hierarchical analysis method and fuzzy comprehensive judgment method to calculate the risk coefficients borne by each subject, which are [0.88, 0.77, 0.51] for farmers, cooperatives and e-commerce platforms, respectively. Finally, the results of the calculation are normalized to derive the risk coefficients of each subject in the adjusted supply chain, which are [0.40, 0.36, 0.24] for farmers, co-operatives, and e-commerce platforms, respectively, after the normalization. The flowchart is shown in Figure 1.



According to the modified Shapley value model, combined with the operation mode of the agricultural e-commerce supply chain, the modified Shapley value model based on the risk coefficient in this paper is as follows:


     φ   i    ′   v   =   φ   i     v   + V   S   ∆   γ   i    



(4)






  ∆   γ   i   =   γ   i   − 1 / n  



(5)




where:      φ   i    ′   v     is the corrected return value of each subject based on the risk coefficient;     φ   i     v     is the return value of each subject based on the traditional Shapley’s value method;   V   S     is the total return value of the tripartite cooperation among farmers, cooperatives and e-commerce platforms;   ∆   γ   i     is the difference between the risk borne by each subject alone and that borne by each subject on average, namely, the comprehensive risk correction coefficient;     γ   i     is the risk-bearing coefficient of each subject after normalization,     1  /  n     is the average risk-bearing coefficient of each subject, and n is the number of subjects.



According to the Shapley value model based on the risk coefficient correction, the adjusted returns for farmers, cooperatives and e-commerce platforms can be calculated to be $3205, $3148, and $722, respectively.




4.3.3. Comparison between Earnings Results under Different Allocation Methods


Table 5 shows the distribution of gains to each subject in the agricultural e-commerce supply chain under the existing allocation method, the allocation method of the traditional Shapley’s value method, and that of Shapley’s value method based on the risk coefficient modification.



As can be seen from Table 5, under the existing distribution method of the agricultural e-commerce supply chain, farmers, cooperatives, and e-commerce platforms accounted for 40.5 per cent, 43.8 per cent, and 15.7 per cent of the total revenue, respectively, with the cooperatives accounting for the highest proportion of revenue allocation, followed by farmers, and e-commerce platforms the lowest.



By adjusting the traditional Shapley value method, the proportion of gain distribution accounted for by farmers declined from 40.5 per cent to 38.6 per cent, that of the cooperatives declined from 43.8 per cent to 41.8 per cent, and that of the e-commerce platform increased from 15.7 per cent to 19.7 per cent. The adjustment in the pattern of revenue allocation ratio shows that the subjects in the agricultural e-commerce supply chain have different degrees of contribution to the cooperative revenue, with the e-commerce platform making the greatest contribution in promoting the cooperation of all relevant subjects to achieve value-added in the e-commerce supply chain. From the perspective of the degree of contribution to the gains from cooperation, a portion of the gains of farmers and cooperatives should be compensated to the e-commerce platform.



After optimization using the Shapley value method based on risk coefficient modification, the proportion of benefit distribution to farmers increased from 38.6% to 45.3%, the ratio of benefit distribution to cooperatives continued to rise from 41.8% to 44.5%, while the percentage of benefit distribution to e-commerce platforms decreased from 19.7% to 10.2%. According to the principle of risk-reward, the greater the risk borne by the subject, the higher revenue compensation should be received. From the perspective of risk compensation, part of the earnings of the e-commerce platform should be compensated to farmers and cooperatives, which is a fairer and more reasonable pattern of revenue distribution (Table 6).






5. Conclusions and Discussion


5.1. Conclusions


In this paper, we studied the revenue distribution of one hectare of tomatoes operated by each subject in the mode of “farmers + cooperative + e-commerce platform”, then optimized the revenue distribution pattern of each subject from the traditional Shapley’s value method and the Shapley’s value method based on the correction of the risk coefficient, and proposed a more fair and reasonable revenue distribution strategy. There are three conclusions in this paper as follows:



First, in the e-commerce supply chain, farmers, cooperatives, and e-commerce platforms can all gain revenue, and the total revenue of the three-party co-operation is greater than that of the individual operation and the two-party co-operation, which shows that the model of “farmers + cooperatives + e-commerce platforms” takes into account the interests of all parties and that the co-operation generates higher revenue, which is a model of sustainable operation of the agricultural supply chain. This also validates the findings of Jiang Guanghui and Wang Gangzhen, which indicate that the e-commerce supply chain achieves value-added in the agricultural supply chain compared to the traditional business model [42].



Secondly, using the traditional Shapley value method, the existing pattern of benefit distribution was adjusted according to the degree of contribution to the cooperative benefits, and the results showed that the proportion of benefit distribution to farmers and cooperatives declined, while that of the e-commerce platform increased, indicating that, from the perspective of the degree of contribution to the cooperative benefits, some of the benefits of farmers and cooperatives should be compensated to the e-commerce platform. This also validates the findings of Nie Fengying et al., Wang Xiangdong, and others, which indicate that e-commerce companies play a leading role in integrating the e-commerce supply chain for agricultural products, with farmers and co-operatives in a follower role [3,6].



Thirdly, considering the differences in risk borne by each subject, the Shapley value method based on risk coefficient modification was used to continue to optimize the pattern of income distribution, and the results showed that the proportion of benefit distribution to farmers and cooperatives increased, and that of the e-commerce platform declined, indicating that, from the perspective of risk compensation, a part of the benefits of the e-commerce platform should be compensated to farmers and cooperatives, which is a fairer and reasonable pattern of income distribution. This validates the findings of Wang Xiangdong, Zhu Haibo et al., and Wang Hongchun et al., which indicate that farmers bear the greatest risk in the agricultural e-commerce supply chain [3,7,10].



Three policy recommendations can be drawn from the findings of this paper:



To begin with, the e-commerce supply model is conducive to the creation of a supply chain for medium- and high-end agricultural products and promotes the realisation of quality premiums for high-quality agricultural products. In order to improve the efficiency of the e-commerce platform model, government departments should vigorously implement policy projects to promote the development of e-commerce, introduce special subsidy policies for public projects, and further improve product packaging, express logistics, brand publicity, e-commerce copywriting and planning, and other e-commerce industry support services.



Secondly, cooperatives play a central role in the agricultural e-commerce supply chain, leading the online business activities of agricultural products and bearing greater sales risks. Relevant government departments should accelerate the completion of the guidance service system, combined with the high-quality farmer cultivation programme, to enhance the ability of cooperative leaders to develop agricultural product e-commerce, and to reduce business risks.



The third is that farmers bear the greatest risks in the operation of the agricultural e-commerce supply chain. Relevant government departments should accelerate the promotion of natural disaster insurance and agricultural price insurance, and increase risk compensation for farmers. At the same time, it should establish a mechanism for cooperatives and e-commerce platforms to return benefits to farmers and promote the formation of a more reasonable and fair pattern of revenue distribution.




5.2. Discussion


There are still two points worth discussing in this paper: one is that although from the perspective of risk compensation, part of the proceeds of the e-commerce platform should be compensated to farmers and cooperatives according to the conclusion of the study, but compared with the e-commerce platform, farmers and cooperatives are in a disadvantaged position and lack of bargaining power, so how to improve the bargaining power of farmers and cooperatives in order to increase the proportion of proceeds distribution is an important part of the future worth studying. The second is that this paper, in accordance with the principle of risk-return, establishes the modified Shapley value method, and draws the research conclusion of compensating part of the proceeds of the e-commerce platform to farmers and cooperatives, but the e-commerce platform enterprise, in order to establish the e-commerce platform, invested in a large amount of material, technology research and development, and human capital investment in the early stage, if we take into consideration the cost of inputs in the early stage, and for the purpose of compensating for the early stage investment, we may arrive at the conclusion that is different with this paper, and this is also an important content of the future research.
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Figure 1. Flowchart of corrected Shapley values. 






Figure 1. Flowchart of corrected Shapley values.
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Table 1. Comparison of current revenue sharing methods.






Table 1. Comparison of current revenue sharing methods.





	
Researchers

	
Research Methods

	
Advantages

	
Disadvantages






	
Xie Wenjing et al. [22]

	
Rubinstein’s bargaining model

	
can consider the time factor and the discount factor

	
strict assumptions




	
Qu Qiao et al. [23]

	
cloud centre of gravity method

	
can deal with the ambiguity and uncertainty of the information effectively

	
subjectivity in the determination of indicator weights; complexity of the calculation process




	
Yang Lingyi [12]

	
Modified Shapley value method

	
can be better adapted to the complex real-life cooperation situation

	




	
Ren Min et al. [25]




	
Zhu Yi-Qing et al. [13]




	
Wang Hongchun et al. [10]











 





Table 2. Costs and benefits for each subject in the “farmer + cooperative + e-commerce platform” e-commerce supply chain model (based on one hectare per year).






Table 2. Costs and benefits for each subject in the “farmer + cooperative + e-commerce platform” e-commerce supply chain model (based on one hectare per year).





	
Subject

	
Components of Cost ($)

	
Proceeds






	
Farmer

	
Green-house Rental

	
Seedling

	
Labor

	
Fertilizer

	
Bio-pesticide

	
Total

	
Yield (catties)

	
Sales price ($/catty)

	
Gain ($)




	
1419

	
78

	
1135

	
37

	
142

	
2811

	
10,000

	
0.57

	
2865




	
Cooperative

	
Purchase

	
Express

	
Processing

	
Cyber marketing

	
Online shop technical services

	
Total

	
Yield (catties)

	
Sales price ($/catty)

	
Gain ($)




	
5676

	
1689

	
571

	
2271

	
886

	
11,092

	
10,000

	
1.42

	
3099




	
E-commerce platform

	
Online shop operation and maintenance

	
Technical support

	
Event planning

	
Promotion

	
Management fee

	
Total

	
Network marketing gains ($)

	
Revenue from online shop technical services ($)

	
Gain ($)




	
539

	
426

	
397

	
371

	
312

	
2045

	
2271

	
886

	
1111








Data source: Case study of farmers, BJMZLT cooperatives and TM e-commerce platform enterprises in the ‘farmers + cooperative + e-commerce platform’ model.













 





Table 3. Calculation of returns to farmers under different modes of co-operation ($).






Table 3. Calculation of returns to farmers under different modes of co-operation ($).





	Steps of Calculation
	Farmers
	Farmers + Cooperative
	Farmers + Platform
	Farmers + Cooperative + Platform





	v(s)
	2723
	4710
	3477
	7075



	v(s/I)
	0
	3007
	1111
	3644



	v(s) − v(s/I)
	2723
	1703
	2366
	3431



	|s|
	1
	2
	2
	3



	w(|s|)
	1/3
	1/6
	1/6
	1/3



	w(|s|)[v(s) − v(s/I)]
	908
	284
	394
	1144










 





Table 4. Calculation of the benefits of cooperative under different modes of cooperation ($).






Table 4. Calculation of the benefits of cooperative under different modes of cooperation ($).





	Steps of Calculation
	Cooperative
	Cooperative + Farmers
	Cooperative + Platform
	Cooperative + Farmers + Platform





	v(s)
	3007
	4710
	3644
	7075



	v(s/I)
	0
	2723
	1111
	3477



	v(s) − v(s/I)
	3007
	1987
	2533
	3598



	|s|
	1
	2
	2
	3



	w(|s|)
	1/3
	1/6
	1/6
	1/3



	w(|s|)[v(s) − v(s/I)]
	1002
	331
	422
	1199










 





Table 5. Calculation of the proceeds of the e-commerce platform under different modes of cooperation ($).






Table 5. Calculation of the proceeds of the e-commerce platform under different modes of cooperation ($).





	Steps of Calculation
	Platform
	Platform + Farmers
	Platform + Cooperative
	Platforms + Farmers + Cooperative





	v(s)
	1111
	3477
	3644
	7075



	v(s/I)
	0
	2723
	3007
	4710



	v(s) − v(s/I)
	1111
	754
	637
	2365



	|s|
	1
	2
	2
	3



	w(|s|)
	1/3
	1/6
	1/6
	1/3



	w(|s|)[v(s) − v(s/I)]
	370
	126
	106
	788










 





Table 6. Patterns of distribution of proceeds from different allocation methods.
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Mode of Distribution

	
Farmers

	
Cooperative

	
E-Commerce Platform

	
Total






	
Existing distribution

	
Value of gains ($)

	
2865

	
3099

	
1111

	
7075




	
Percentage of distribution (%)

	
40.5

	
43.8

	
15.7

	
100




	
Traditional Shapley value method

