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Abstract 

With lots of hot money focusing on the field of fresh product, the fresh product e-commerce enterpraises 
developed rapidly, but quickly declined later. The aim of this paper is to explain the problem form view of 
supply chain by setting up the model of fresh produce supply chain. The decision model can be obtained 
including optimal retail price, sales volume and profit of supply chain whether in the condition of centralized 
decision-making or disperse policy decision. It can draw the conclusion that, in the condition of asymmetric 
information, price subsidy of the fresh produce O2O supply chain could promote the profit when online sales 
volume stay lower. Also, the increase of online sales volume results in the decrease of optimal retail price and 
subsidy price, and modified Wholesale Price Contract can coordinate the supply chain in disperse policy 
decision. Finally, the advice for enterpraises and supply chain has been listed. 
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1. Introduction  

With the increase of disposable income, people begin to pay attention to the improvement of the quality of life, 
especially the daily requirements of fruits and vegetables and meat products. As e-commerce developing for 
many years in China, the payment online has been brought into our eyes, especially among the teenagers. What’s 
more, e-commerce business model has stepped into O2O which means online to offline originally but interaction 
between online and offline now. 

When lots of capital is invested into O2O field, the last blue ocean of e-commerce is aimed at the fresh 
agriculture produce O2O market, including fresh garden stuff, seafood and meat product. The development of 
O2O fresh market also provides more choices for residents, and gets rid of the embarrassing situation of many 
varieties on the surface and few actual choices’. 

Because fund battle arose in the O2O model filed in recent years, the fresh agriculture produce market appears 
into disorder through the 2016. According to “China e-commerce of fresh agriculture produce development 
white paper”, the number of company, in the fresh agriculture produce field, has been already beyond 4 thousand. 
Among them, 88% of enterprises in a slightly worse state, 7% face huge losses, while only 4% of the company 
can maintain a balance of profits and losses. 

For the arrival at the O2O era, it also brings more new problems to e-commerce enterprises and supply chain. 
Problems of enterprise stragety in different stages and profit model will lead to the closure of enterprises, waste 
of money, energy and unsustainable supply chain development. From the perspective of fresh agricultural 
product supply chain, this paper tries to explain the difficulties faced by fresh e-commerce enterprises in the 
current O2O fresh market, and throw out some suggestions for improvement. 

2. Literature Review 

Recent literature about fresh agricultural products supply chain mainly focuses on channel service promotion and 
competition, unexpected events, inventory and order. Wu (2012), considering the time constraint, studied the 
supply chain coordination mechanism of fresh agricultural product supply chain under unexpected conditions. 
Also, Wang (2012) finds that the value of fresh products decreased significantly during the transfer process, and 
through the establishment of an option contract to study the optimal order quantity of retailers in the two stages. 
Li lin (2015) through the research on decision model of single cycle retailer, in three different modes, expounds 
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the relationship between the value of the attenuation coefficient and the inventory cost parameters, the results 
showing that RFID technology can help to improve the market demand and achieve flexible pricing. Xiong 
(2015) analyzes the relationship between cold chain facilities and freshness, and the study shows that relational 
contracts could promote the freshness of fresh products, and proper cold chain facilities subsidies could 
strengthen the stability of the contract system. Based on the research and study, the fresh fresh agricultural 
products supply chain can be seen as a function system that since the product has been picked, the suppliers, 
distributors or other logistics service providers have carried on the preservation, packaging, transportation, 
processing, and then the retailer will deliver products to consumers, and finally complete the delivery of logistics, 
capital flow and information flow. By the way, cold chain logistics, the most important link in the supply chain, 
generally refers to refrigeration, frozen food in the production, storage, transportation, sales, before the 
consumption of all links in the condition of prescribed low temperature, in order to ensure the quality of food, 
reduce food loss. 

In the study of O2O model, more scholars mainly focus on service, recommendation and logistics optimizing. 
Kong dong (2016, 2015) interprets the relationships between value, innovation and realization based on case 
analysis. Meanwhile, with lots of research about O2O classification system, he compares the O2O model among 
e-commerce companies and concludes its characteristic and range of application. Liu (2015) research O2O 
foodservice industry online comment, and the result indicate that brand value has moderating effect on the 
relationship between negative comments and usefulness of reviews, which high brand value will reduce the 
negative effect of negative comments on the usefulness of comments. Xu (2016) mainly studies the supply chain 
of two channels and finds that there is a competitive relationship between the same products when they are sold 
in different channels. Dumrongsiri (2014) analyzed the relationship between the overall profit of the dual 
channel supply chain and the service quality of retailers, and the results showed that retailers can improve the 
service quality and promote the income of the dual channel supply chain.  

As for supply chain coordination and information asymmetry, Cai (2009) takes the relation between channel 
structure and supply chain decision as the research object, and expounds the application of price discount 
contract in supply chain coordination. Considering the risk factors of supply chain, Jiang (2015) compares the 
four models in the wholesale price, retail price and product green degree, based on the revenue sharing contract, 
analyses coefficient influence on supply chain profit and revenue sharing of product green degree. Wu (2015), in 
the case of asymmetric information of cost, he studied how to deal with centralized and decentralized supply 
chain. Dan (2013) based on the game theory, establishes a game model between the market operators and 
wholesalers, considering wholesalers completely hidden, partly hidden and share purchase price information 
three cases, and analyzes the dynamic game process. 

In this paper, the influence of time constraint on the profit of fresh agricultural product supply chain is 
considered in the fresh O2O model. Secondly, this paper mainly analyses the impact of online price changes on 
the supply chain profits. Based on the above situation, in the O2O fresh supply chain of agricultural products in 
this paper, online disturbance, especially refers the online platform for snatching market share and adopting the 
price subsidy. 

3. Method and Model 

The supply chain model, in this paper, is composed of suppliers and retailers, as well as a third party O2O 
business platform. Among them, fresh agricultural products are sold by supplier to retailers, while the retailer 
mainly sells them to customers through the offline store and provides consuming experience. At the same time, 
the third party electronic business platform is mainly responsible for online trading of fresh agricultural products, 
information feedback, and follow-up logistics, distribution and after-sales service. In order to reflect the loss of 
fresh agricultural products, perishable characteristics, two parameters are defined, namely freshness parameter α 
and effective fresh proportion parameter β. The model is as follows: 

                            (1) 

Among them, T represents the entire effective life cycle of agricultural products, and t represents the 
transportation time of fresh agricultural products. Assuming that sales are linear functions of retail prices, 
constructing the demand function for traditional channels and electronic channels in the O2O model is as 
follows: 
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                            (2) 

In the model, letter a represents the market size of the supply chain, and μ (0<μ<1) represents the proportion of 
demand for online channels. cs refers to the cost of supplier, and cr refers to the cost of retailer, while θ (0<θ<1) 
refers to inter channel price substitution factor, and ω refers to wholesale price. Also, there is no replenishment 
delay in the hypothesis. 

In this paper, retailer, as a link between offline sales and online sales, should consider the online and offline 
specific circumstances to choose its business strategy. In this part, cost information asymmetry would be taken 
into consideration in the model, which cs is unknown to detailer, and distribution interval is between [cs-,cs+]. 
The distribution function of cs is G(cs), while probability density function is g(cs),and it’s expectation is η. Also, 
function G(cs) is differentiable and strictly increasing, G(0)=0,⎯G(cs)=1-G(cs). Now, supply chain profit function 
under information asymmetry has been established as follow: 

           (3) 

Supply chain optimal price, online and offline channel sales and supply chain total profit as follows: 

                  (4) 

3.1 Centralized Decision-making with Online Disturbance 

Nowadays in China, more e-commerce platform of fresh produce starts with O2O model. For instance, although 
a large number of stores, there is a big difference between the stores in T-mall. As for price, other shops are 
working hard on price, coupons, price subsidies, implying that price war is a simple way to integrate online and 
offline. The current online price disturbance is still mainly based on the third party electronic business platform, 
direct or indirect price subsidies, such as discounts, coupons, and other means. 

Assume that “pa” is third party platform for online channel unit product price subsidies. Considering the supplier 
cost information asymmetry, the demand function of the O2O supply chain is as follows: 

 

         (5) 

When 0<μ<0.5, through derivation of P and Pa , the optimal retail price, price subsidies and total sales and total 
supply chain profits are as follows: 
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(6) 

                                         (7) 

Comparison with formula 3, supply chain profit fluctuation is as follow: 

 

Theorem 1: when online channel sales are at a low level (0<μ<0.5), the online subsidy mechanism could 
increase the O2O supply chain profits, and optimal price and online subsidies prices are as follow: 

 

Inference 1: When the cost information of supplier in the supply chain is asymmetric, the information 
asymmetry will not interfere with the price subsidy decision. 

3.2 Decentralized Decision-making 

When roles of supply chain pursue the maximization of their own profit, the profit function of the supply chain is 
as follows: 

      (8) 

Derivation in sequence, retail prices, subsidies and wholesale prices are as follows: 

 

                                                 (9) 

Thus, , in the decentralized decision-making, the O2O supply chain of fresh agricultural products 

cannot achieve the optimal supply chain profit. 

3.3 Coordination with Traditional Wholesale Price Contract 

Traditional wholesale price contract is an almost common contract in fresh produce market, which retailers buy 
goods at low prices and sell on this basis. Considering subsidy from e-commerce platform, profit functions of 
retailer and supplier are as follow, in which sign m means traditional wholesale price contract. 
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 (10) 

Because retailer sells on the basis of wholesale prices, the relationship between price and wholesale price can be 

designed like this , and wholesale price function can be calculated from function above, as follow: 

 

Through computing form function (10), parameters are as follow: 

   (11) 

And The number of channel sales is as follows: 

                        (12) 

Also, the retailer and supplier profit function is as follows: 

     (13) 

Supply chain profit differential between centralized decision-making and decentralized decision-making with 
traditional wholesale price contract is as follow: 

         (14) 

Theorem 2: when price disruption occurs online, traditional wholesale price contract can’t realize the 
coordination of the fresh produce O2O supply chain. 

3.4 Improved Wholesale Price Contract Coordinate the O2O Supply Chain  

Although the “bilateral effect” is main reason that, under decentralized decision-making, the O2O supply chain 
cannot achieve the best overall profit of the supply chain. However, the supply chain can promote the profit of 
the members in the supply chain through effective contract. In the current retail giants dominate the O2O supply 
chain of fresh agricultural products, this paper uses improved wholesale price contract. In the contract, the 
supplier promises to give the retailer a lower wholesale price before the sales season, while paying a certain 
service fee, and the retailer increases the price on the basis of wholesale price. In the formula, ω means 
wholesale price, C means service fee, and λ means increased price (λ>0, meaning markup sale; λ<0, meaning 
discount sale). The contents of the contract are as follows (symbol “T” represents improved wholesale price 
contract): 
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And the profit function of retailers and suppliers is as follows: 

     (15) 

Solve the formula 10 and get the wholesale price function of λ and paC: 

 

Because , then get , coordinating the supply chain, decision parameters are 

as follow: 

             (16) 

The profit functions of retailer and supplier with improved wholesale price contract are as follow: 

         (17) 

To realize the Pareto improvements of roles in supply chain, that is, the profit of retailer and supplier with 
improved wholesale price contract is no less than that under decentralized decision-making. The range of C is as 
follow: 

Solving equation: , then             (18) 
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cancelled in time, because the effect of subsidy is very weak and even negligible. This also explains why it is 
easy to face losses and bankruptcy when the e-commerce enterprises blindly smashing money subsidies for 
online prices, indicating that the subsidy mechanism is more suitable for the first half of the investment. As for 
how to operate behind the enterprise, we need more rigorous reasoning, and this paper does not discuss. 

• The premise of this method, solving problem of cost information asymmetry, is to know the partial 
information of the cost, such as the distribution interval and the density function. If the information is completely 
asymmetric, this method is not applicable. 

• This paper uses the improved wholesale price contract because it is easy to implement, and also can achieve 
the purpose and effect of the contract. But contracts are not unique, and there are many kinds of contracts that 
can achieve the same effect. 
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