

  sustainability-15-03350




sustainability-15-03350







Sustainability 2023, 15(4), 3350; doi:10.3390/su15043350




Article



Decision-Making of Cross-Border E-Commerce Platform Supply Chains Considering Information Sharing and Free Shipping



Libin Guo *[image: Orcid] and Yuxiao Shang





School of Management, Qufu Normal University, Rizhao 276826, China









*



Correspondence: guolibin@qfnu.edu.cn







Academic Editors: Shaojian Qu, Qingguo Bai, Ying Ji and Congjun Rao



Received: 14 January 2023 / Revised: 2 February 2023 / Accepted: 9 February 2023 / Published: 11 February 2023



Abstract

:

For cross-border e-commerce companies with high shipping costs, the existing retailer and the new entrant retailer on the platform are usually concerned with information sharing and free shipping due to the uncertainty of market demand. For this, by establishing a Stackelberg game model between two competing retailers, we analyze the strategy of retailers and explore the business strategies of the cross-border e-commerce platform. The study shows that regarding information-sharing strategies, retailer A’s willingness to share information is positively related to initial market potential and negatively related to market competition intensity. Moreover, retailer B is willing to spend higher information costs to purchase information when the necessity of the product is more elevated. As for a free shipping strategy, if the existing retailer offers free shipping, the new entrant retailer should also offer free shipping service to consumers when the initial market potential is larger. Conversely, when the initial market potential is smaller, the retailer’s willingness to offer free shipping decreases when the intensity of competition in the market increases. When the market tends to be perfectly competitive, the new entrant retailer will not choose a free shipping strategy, and the platform is most profitable when information sharing and free shipping occur simultaneously. However, when the carrier charges a higher shipping fee to customers, the existing retailer is more profitable when the new entrant does not offer free shipping. Therefore, in order to achieve a win-win situation for all parties, the platform needs to develop appropriate operational strategies to influence the decisions of retailers and carriers. Some numerical experiments are made to test the validity of the model and the effect of the parameters involved in the model.
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1. Introduction


E-commerce has become a top priority for many businesses around the world [1]. Developing e-commerce can increase sales and profits and offer the opportunity to overcome obstacles to growth [2]. With the development of internet technology, e-commerce has enabled cross-border transactions and become the fastest-growing industry in the global economy [3]. Global cross-border e-commerce (CBEC) was worth over   $ 780   billion in 2019 [4]. The e-commerce business rapidly grew due to COVID-19. Even the most basic survival products, such as food, turned to the Internet because e-commerce was considered more convenient than offline [5]. Significantly affected by COVID-19, Amazon’s net sales in 2020 were   $ 386.06   billion, an increase of   37.6 %   from   $ 280.52   billion in 2019. Meanwhile, data from the General Administration of Customs show that in 2021, the scale of China’s cross-border e-commerce exports reached   1.98   trillion yuan, up   15 %   year-on-year. The boom in CBEC has dramatically enriched the trading market in various countries. However, ICT, the political and regulatory environment, and human resource influence the development of global e-commerce [6], therefore, supply chain shortages and many other global supply chain issues in the post-epidemic era suggest that cross-border e-commerce will slow down in the near future. How to effectively control and manage the platform logistics and supply chain is a critical issue for an e-commerce platform.



To better serve overseas customers, many retailers offer free shipping services. For example, Xiaomi, a famous Chinese smartphone brand, offers free shipping through the cross-border e-commerce platform AliExpress. Temu, the cross-border e-commerce export platform of Pinduoduo, launches with the slogan “free shipping” prominently. Note that shipping and handling costs are causing   52 %   of people to abandon online shopping. Thus, free shipping has a more significant impact on buyers than price discounts [7]. Shehu et al. [8] believe that free shipping promotions encourage customers to buy riskier items. Thus, offering free shipping services may be an important marketing decision [9].



E-commerce retailers selling products through the platform will accumulate a large amount of data information on the platform. With the growth of e-commerce, information sharing has a great influence on online sales [10]. In the face of uncertain market demand, retailers can process past sales data through machine learning such as the Apriori-based clustering algorithm [11] and the improved genetic algorithm [12] to make more accurate predictions. For cross-border companies with long distances and high costs, information sharing is likely to influence their free shipping and quantitative decisions. Empirical evidence suggests that only   27 %   of retailers share POS (Point of Sale) data with other members [13]. How to facilitate information sharing among retailers on the platform is an essential issue for the platform to consider.



For competition in the CBEC platform, Lv [14] studies the revenue management of the CBEC platform and the competition and coordination between platform suppliers and e-retailers through supply chain decision-making. Lu et al. [15] explore consumers’ willingness to select CBEC platforms and the factors effecting them. Zha et al. [16] research the information sharing strategies of CBEC platforms and the choices of overseas suppliers regarding direct-mail logistics mode and bonded warehouse logistics mode. Qi et al. [17] and Cao et al. [18] study the willingness of traditional retailers to enter e-commerce platforms, and the willingness of retailers and platforms to share their private information if they do. Jiang et al. [19] study the Amazon platform’s choice of sales model in the face of uncertain market demand.



For free shipping in e-commerce, Li et al. [20] research free shipping policies for e-commerce under the add-on item recommendation service. Wang and Li [21] study supply chain decisions in e-commerce considering the cost of logistics services and the “free shipping” strategy. Han et al. [22] study the free shipping policy of CBEC based on consumer decision theory. Hua et al. [7] study the optimal order quantity and optimal retail price for retailers, assuming that suppliers offer free shipping, and find that free shipping can benefit suppliers, retailers, and end customers. Etumnu [23] studies the impact of free shipping on grocery sales on Amazon’s CBEC platform and found that products with free shipping garnered more sales. Leng and Becerril-Arreola [24] examine the effect of e-commerce retailers’ free shipping strategies on consumer purchase behavior. Rui et al. [25] analyze the impact of the free shipping strategy on supply chain members based on the Stackelberg game, and provide theoretical support for e-retailers and consumers to make optimal decisions. Niu et al. [9] examine the free shipping decisions of two competing retailers in CBEC when relying on the same carrier to transport goods.



As for information sharing, the previous literature primarily focuses on the motivations for vertical information sharing upstream and downstream of the supply chain [26,27,28,29,30,31]. A few studies address horizontal information sharing motives between competitors. Kirby [32] examines the incentives of firms competing in an oligopolistic industry to share information about an unknown demand when such sharing takes place on the basis of exchange. Niu et al. [33] examine whether incumbent carriers with demand information have an incentive to disclose demand information to new carriers in cross-border logistics. Liu et al. [34] study strategies for retail platforms to share demand information to sellers on the platform. Mukhopadhyay et al. [35] study the information sharing strategies of two independent companies with market demand information under the Stackelberg game and devise a “simple to implement” information sharing scheme under which both firms and the total system are better off. To summarize, the relevant studies are shown in Table 1. Our paper integrates the competition among retailers considering information sharing and free shipping on CBEC platforms, and analyzes the business decision-making of the e-commerce platform.



For cross-border e-commerce companies with high shipping costs, due to market demand uncertainty, retailers on the platform usually care about information sharing and free shipping. Based on the above analysis, we study the competition between an existing retailer and a new retailer on the CBEC platform under information asymmetry. The retailer needs to decide whether to share information and whether to provide free shipping. We assume the CBEC platform operates using a marketplace model similar to a revenue-sharing scheme, where the platform receives a commission from each online sale [36]. For this model, we consider the following issues:




	(1)

	
Considering the impact of free shipping on consumers’ willingness to buy, under what circumstances would retailers choose to offer free shipping services?




	(2)

	
Is the retailer with information willing to share it? Is the new entrant willing to obtain information? Is the platform willing to enable information sharing?




	(3)

	
Which is an equilibrium strategy for competing retailers’ decisions on information sharing, free shipping, and quantity?




	(4)

	
How should the CBEC platform develop business strategies to achieve a win–win–win situation in the marketplace mode?









Business strategies represent drivers and constraints of strategic choice [37]. This study constructs four Stackelberg game supply chain models to address these issues, such as the research approach adopted by Qu et al. [38]. We derive analytical expressions for optimal decision-making and profit in different scenarios [39], investigate the strategies of existing and new entrant retailers in terms of information sharing and free shipping, and further analyze the platform’s business strategy.



The remainder of this paper is organized as follows. Section 2 describes the model. Section 3 analyzes the decision preferences of retailers by comparing the equilibrium results under the four scenarios. Section 4 presents the numerical studies. The derivation procedure of the equilibrium results, the proof of propositions, and the equilibrium results of the extended model are listed in the Appendix A.




2. Model Description and Notations


In the information problem, Niu et al. [40] and Xing et al. [41] describe information asymmetry with mean and variance, where the lower (higher) information variance implies more (less) accurate demand forecasts. In the problem of free shipping, Niu et al. [9] construct a game model between two competing retailers from the perspective of consumers’ utility and profit functions of supply chain parties to solve the problem of free shipping in cross-border e-commerce. Therefore, our paper considers the maximization of profit for each party in the supply chain, constructs the game model using the inverse demand function derived from the consumer utility function, and describes the information asymmetry by mean and variance. Suppose the e-commerce platform with a retailer (denoted A) and a new entrant retailer (denoted B), the two retailers sell the same product to overseas customers on the same CBEC platform (denoted P) with the marketplace mode, and they ship their products through a common carrier (denoted C). See Figure 1 for the running pattern of the model.



Assume retailer A has been operating on the platform for a long time and has a large amount of sales data, and he can more accurately predict market demand. Retailer B is a newcomer without much information on the market’s demand. The platform will create opportunities for information sharing between existing retailers and new entrant retailers to maintain the diversity of the system. If retailer A chooses to share information, retailer B may purchase this information from the platform, and can also decline to buy the information. Certainly, to encourage the existing retailer to share information, the platform will make compensation if the new entrant retailer chooses to purchase sales information. For simplicity, we set the information purchase fee and the amount of compensation to be equal and denote it with F.



Now, we examine the strategic choices of existing retailer A and new entrant retailer B in terms of both information and shipping fees. As for the information interchange, we consider two scenarios: (1) Retailer B obtains information (labeled Scenario Y); (2) Retailer B does not obtain information (labeled Scenario N). As for free shipping, when customers buy products from retailer A, he offers free shipping service. That is, customers need only pay for the products, and the shipping fee is paid by retailer A. For retailer B, she has two options: (1) offering free shipping service like retailer A, denoting this choice as Strategy II; (2) Selling products without free shipping, and the customers need to pay for both product and the shipping service separately. We denote this choice as strategy IN. Combining the information sharing and free shipping strategies, either Strategy II or Strategy IN may occur under both Scenario Y and Scenario N. We further subdivide Scenarios Y and N into four scenarios (Y_II, Y_IN, N_II, N_IN) to describe all possible outcomes.



To proceed, we summarize the notations and descriptions in Table 2 in which subscripts A, B, C, and P are added to refer to solutions for the existing retailer, new entrant retailer, carrier, and platform.



2.1. Demand Function


From the analysis above, we can obtain the following quadratic utility function [42]:


  U   q  A ,    q B   =  A A   q A  +  A B   q B  −  1 2    a A   q A 2  + 2 b  q A   q B  +  a B   q B 2    



(1)




where    A i   ( i = A , B )    denotes the market potential of product i during a period,   q i   is the sales amount of product i in the same period,   a i   denotes the effect of the quantity of product i on consumers’ utility, and parameter b captures the interactions among the products which denotes the measure of product substitutability or complementarity. The consumer utility decreases as products become more substitutable (i.e., when   b > 0  ,   U   q  A ,    q B     decreases as b increases). To ensure strict concavity of the utility function and the demand quantities to be positive, we set    A i  > 0  ,    a i  > 0  ,    a j   A i  − b  A j  > 0  , for   i , j = A , B   and   i ≠ j  ,    a A   a B  −  b 2  > 0  . Assume that products A and B are substitutable,   U   q A  ,  q B     is symmetric in products A and B. Then we can let    A A  =  A B  = a  ,    a A  =  a B  = β  , and the product substitutability   b = r ( r > 0 )  . As consumers only pay   p A   or   p B   for the buying product when the retailer offers free shipping, the consumer surplus   R (  q A  ,  q B  )   under different free shipping strategies can be expressed as consumer utility minus the cost paid [9]:



Strategy II:


  R   q  A ,    q B   = a  q A  + a  q B  −  1 2   β  q A 2  + 2 γ  q A   q B  + β  q B 2   −  p A   q A  −  p B   q B   



(2)







Strategy IN:


  R   q  A ,    q B   = a  q A  + a  q B  −  1 2   β  q A 2  + 2 γ  q A   q B  + β  q B 2   −  p A   q A  −   p B  +  ω 1    q B   



(3)




where   a > 0 , β >  γ  ≥ 0  . As the demand is uncertain, inverse demand functions can be obtained by maximizing the consumer surplus function



Strategy II:


   p A  i _ II   = a + ε − β  q A  − γ  q B   



(4)






   p B  i _ II   = a + ε − β  q B  − γ  q A   



(5)







Strategy IN:


   p A  i _ IN   = a + ε − β  q A  − γ  q B   



(6)






   p B  i _ IN   = a + ε − β  q B  − γ  q A  −  ω 1   



(7)




for   i ∈ { Y , N }  .



Here, a is the initial market potential, and coefficients  β  and  γ  indicate the sensitivity of price to the retailer’s own and rival quantities, respectively. We assume that   1 ≥ β > γ > 0   and denote  γ  the intensity of competition (a larger  γ  indicates a more competitive market).



We use the random variable  ε  to describe the market demand that obeys the normal distribution with   E [ ε ] = 0   and   V a r  [ ε ]  =  σ 2   . Retailer A has the data information, so its demand forecast is   Γ = ε +  ε 1   . If retailer A shares information with retailer B, retailer B’s demand forecast is also   Γ = ε +  ε 1   , where   ε 1   an independent random variable that follows the normal distribution with    ε 1  ∼ N  0 ,  σ 1 2    ,    σ 2  >  σ 1 2   , and     σ 2    σ 2  +  σ  1  2    ∈   1 2  , 1   . According to the discussion by Roy [43] and Niu et al. [40], we can obtain


  E  ε  Γ   =    σ 2  Γ    σ 2  +  σ 1 2    =    σ 2   ε +  ε 1      σ 2  +  σ 1 2    ,  



(8)






  V  ε  Γ   =    σ 2   σ 1 2     σ 2  +  σ 1 2    .  



(9)







Certainly, when the demand signal is obtained, the variance of the demand forecast becomes smaller, namely,   V  ε  Γ   <  σ 2   , and the accuracy of the forecast increases.




2.2. Events and Profit Functions


According to Figure 1, we can construct a Stackelberg game to study the supply chain decision as shown in Figure 2 for the sequence of game occurrence. In the first stage, new entrant retailer B chooses whether to purchase demand information from the platform. In the second stage, if retailer B chooses to buy the information, retailer A should decide whether to share the demand information or not. In the third stage, retailer B chooses whether to offer free shipping services. In the fourth stage, retailer A decides the optimal order quantity, and in the fifth stage, retailer B determines the optimal order quantity. Finally, when demand is realized, the market is cleared.



With uncertain market demand, the expected profits of retailer A, retailer B, and platform P under different scenarios depend on the demand forecast. Suppose that carrier C transports goods from multiple manufacturers, and its profit is independent of the market demand forecast. We maximize the profits of retailers A and B, respectively, and solve this game using backward induction. The equilibrium results of each situation are summarized in Table A1 in Appendix A (the process of proof is also in Appendix A).



Scenario Y_II: In scenario Y_II, retailer B obtains the information, and at this time, both retailer A and B have the information. Then   Γ = ε +  ε 1   . In the marketplace mode, the platform provides online marketplace services to retailers. Retailers are required to pay the platform for the services in the form of a commission rate  η  (  1 > η > 0   ) [36]. The commission base charged by the platform usually does not include shipping fees. We disregard other fees for now and assume that the platform’s profit comes only from the service fees paid by retailers. The expected profits of retailer A, retailer B, and platform P are as follows


  E    π A  Y _ II    Γ  =  ( 1 − η )  E    q A    p A  −  ω 0    Γ  + F , Γ = ε +  ε 1   



(10)






  E    π B  Y _ II    Γ  =  ( 1 − η )  E    q B    p B  −  ω 0    Γ  − F , Γ = ε +  ε 1   



(11)






  E   π P  Y _ II    = η  ( E    q A    p A  −  ω 0    Γ  + E    q B    p B  −  ω 0    Γ  )  , Γ = ε +  ε 1   



(12)







Scenario Y_IN: In this scenario, retailer B obtains the information and chooses the strategy of no free shipping. Retailer A always offers free shipping, and for every purchase from retailer A, the retailer pays a unit shipping fee   ω 0   to carrier C. But when a customer purchases from retailer B, retailer B does not have to pay the shipping fee, and the unit shipping fee   ω 1   needs to be paid by the customer to the carrier. The expected profits of the supply chain parties are as follows


  E    π A  Y _ IN    Γ  =  ( 1 − η )  E    q A    p A  −  ω 0    Γ  + F , Γ = ε +  ε 1   



(13)






  E    π B  Y _ IN    Γ  =  ( 1 − η )  E    q B   p B   Γ  − F , Γ = ε +  ε 1   



(14)






  E   π P  Y _ IN    = η  ( E    q A    p A  −  ω 0    Γ  + E    q B   p B   Γ  )  , Γ = ε +  ε 1   



(15)







Scenario N_II: In this scenario, retailer B does not obtain the market demand information, and only retailer A has this information. For demand uncertainty, retailer A’s forecast is   Γ = ε +  ε 1   . When retailer B chooses free shipping, the expected profits of the supply chain parties are as follows


  E    π A  N _ II    Γ  =  ( 1 − η )  E    q A    p A  −  ω 0    Γ  , Γ = ε +  ε 1   



(16)






  E   π B  N _ II    =  ( 1 − η )   q B    p B  −  ω 0    



(17)






  E   π P  N _ II    = η  ( E    q A    p A  −  ω 0    Γ  +  q B    p B  −  ω 0   )  , Γ = ε +  ε 1   



(18)







Scenario N_IN: For this scenario, retailer B doesn’t obtain the information and chooses no free shipping, the expected profits of the supply chain parties are as follows


  E    π A  N _ IN    Γ  =  ( 1 − η )  E    q A    p A  −  ω 0    Γ  , Γ = ε +  ε 1   



(19)






  E   π B  N _ IN    =  ( 1 − η )   q B   p B   



(20)






  E   π P  N _ IN    = η  ( E    q A    p A  −  ω 0    Γ  +  q B   p B  )  , Γ = ε +  ε 1   



(21)









3. Theoretical Analysis of the Model


Now, we analyze the retailers’ strategic choices by comparing the performance of two retailers under four scenarios. To guarantee positive equilibrium outcomes, we require the following two feasible regions




	(a)

	
  E [ ε | Γ ] > 0  :   E  [ ε | Γ ]  >   4  β 2   ω 1  − 2 β γ  ω 0  −  γ 2   ω 1    4  β 2  − 2 β γ −  γ 2     ,   a >   4  β 2   ω 1  − 2 β γ  ω 0  −  γ 2   ω 1    4  β 2  − 2 β γ −  γ 2     ;




	(b)

	
  E [ ε | Γ ] < 0  :     8  β 3   ω 0  − 8  β 3   ω 1  − 4  β 2  γ  ω 0  + 4  β 2  γ  ω 1  − 2 β  γ 2   ω 0  + 2 β  γ 2   ω 1  +  γ 3   ω 0  −  γ 3   ω 1    4  β 2  γ − 2 β  γ 2  −  γ 3    > E  [ ε | Γ ]  >   − 2 β  ω 0  − γ  ω 1    2 β − γ    ,     1 +  3   2  γ < β ≤ 1  ,   0 < γ <  3  − 1  ,   a >   4  β 2   ω 1  − 2 β γ  ω 0  −  γ 2   ω 1    4  β 2  − 2 β γ −  γ 2    − E  [ ε | Γ ]   .









The two feasible regions satisfy the following condition



   F <    ( 1 − η )   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0     2    16 β    γ 2  − 2  β 2   2    +    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2    .   



Proposition 1.

For the optimal quantities and prices for retailers, it holds that



(a) Quantity: (a   1  )    q A  Y _ II   >  q B  Y _ II    . (a   2  )    q A  Y _ IN   >  q B  Y _ IN    . (a   3  )    q A  N _ II   >  q B  N _ II     if   ε +  ε 1  > 0  , or   ε +  ε 1  < 0  ,   a >  ω 0  −   4  β 2    γ 2    ε +  ε 1    ; otherwise    q A  N _ II   <  q B  N _ II    . (a   4  )    q A  N _ IN   >  q B  N _ IN     if   ε +  ε 1  > 0  , or   ε +  ε 1  < 0  ,   a >   4  β 2   ω 0  − 4  β 2   ω 1  + 2 β γ  ω 0  − 2 β γ  ω 1  +  γ 2   ω 1    γ 2   −   4  β 2    γ 2    ε +  ε 1    ; otherwise    q A  N _ IN   <  q B  N _ IN    .



(b) Price: (b   1  )    p A  Y _ II   <  p B  Y _ II    . (b   2  )    p A  Y _ IN   >  p B  Y _ IN     if   0 < ε +  ε 1  < H  ,   a < H +    γ 3  − β  γ 2    β  γ 2  −  γ 3     ε +  ε 1    ; otherwise    p A  Y _ IN   <  p B  Y _ IN    . (b   3  )    p A  N _ II   >  p B  N _ II     if   ε +  ε 1  > 0  ,   a <  ω 0  +   4  β 2  + 4 β γ   γ 2    ε +  ε 1    ; otherwise    p A  N _ II   <  p B  N _ II    . (b   4  )    p A  N _ IN   >  p B  N _ IN     if   a < H +   4  β 3  − 4 β  γ 2    β  γ 2  −  γ 3     ( ε +  ε 1  )   ; otherwise    p A  N _ IN   <  p B  N _ IN    . Where   H =   4  β 3   ω 0  + 4  β 3   ω 1  − 2  β 2  γ  ω 0  + 2  β 2  γ  ω 1  − 2 β  γ 2   ω 0  − β  γ 2   ω 1  −  γ 3   ω 1    β  γ 2  −  γ 3     .





Proposition 1 summarizes the comparison of equilibrium prices and quantities between two retailers. In particular, Proposition 1 (a) states that the quantitative decision of retailer A is always greater than that of retailer B in the case where retailer B obtains the information, regardless of whether retailer B chooses the free shipping strategy. In the absence of information available to retailer B, retailer A’s quantitative decision is greater than retailer B’s when retailer A’s demand forecast is positive, or the initial market potential is greater than a specific value. Proposition 1 (b   1  ) says that when retailer B obtains information and offers free shipping, retailer B has a higher retail price than retailer A. This is different from our perception. The possible reason is that retailer B has the same information advantage and free shipping advantage as retailer A after purchasing information and choosing free shipping, but under Stackelberg competition, retailer A has a larger quantity of demand than retailer B, so retailer B will prefer a higher retail price to increase revenue. However, retailer B does not have the advantage of information or free shipping when it does not offer free shipping or does not obtain the information. At an initial market potential less than a particular value, retailer B chooses a lower retail price to increase his competitiveness with a price advantage and obtain a greater demand quantity (Proposition 1 (b   2  –b   4  )).



Proposition 2.

For the equilibrium market factors for retailers under different scenarios, it holds that



(a) The equilibrium quantity of retailer A satisfies that


         q A  Y _ I I   <  q A  N _ I I   ,     ε +  ε 1  > 0 ,        q A  Y _ I I   >  q A  N _ I I   ,     otherwise ;             q A  Y _ I N   <  q A  N _ I N   ,     ε +  ε 1  > 0 ,        q A  Y _ I N   >  q A  N _ I N   ,     otherwise ;        q A  Y _ I I   <  q A  Y _ I N   ;  q A  N _ I I   <  q A  N _ I N   .   











(b) The equilibrium quantity of retailer B satisfies that


         q B  Y _ I I   >  q B  N _ I I   ,     ε +  ε 1  > 0 ,        q B  Y _ I I   <  q B  N _ I I   ,     otherwise ;             q B  Y _ I N   >  q B  N _ I N   ,     ε +  ε 1  > 0 ;        q B  Y _ I N   <  q B  N _ I N   .     otherwise ;        q B  Y _ I I   >  q B  Y _ I N   ;    q B  N _ I I   >  q B  N _ I N   .   











(c) The equilibrium price of retailer A is


        p A  Y _ I I   >  p A  N _ I I   ,     ε +  ε 1  > 0 ;  3  β − β < γ < β    or    ε +  ε 1  < 0 , 0 < γ <  3  β − β ;        p A  Y _ I I   <  p A  N _ I I   ,     otherwise ;       










        p A  Y _ I N   >  p A  N _ I N   ,     ε +  ε 1  > 0 ,  3  β − β < γ < β    or    ε +  ε 1  < 0 , 0 < γ <  3  β − β ;        p A  Y _ I N   <  p A  N _ I N   ,     otherwise ;       










      p A  Y _ I I   <  p A  Y _ I N   ;    p A  N _ I I   <  p A  N _ I N   .   











(d) The equilibrium price of retailer B satisfies that


         p B  Y _ I I   >  p B  N _ I I   ,     ε +  ε 1  > 0 ;        p B  Y _ I I   <  p B  N _ I I   ,     otherwise ;             p B  Y _ I N   >  p B  N _ I N   ,     ε +  ε 1  > 0 ;        p B  Y _ I N   <  p B  N _ I N   ,     otherwise ;        p B  Y _ I I   >  p B  Y _ I N   ;  p B  N _ I I   >  p B  N _ I N   .   













Regardless of whether retailer B chooses the free shipping strategy, as long as the signal shows positive demand, retailer A always makes more of a minor quantitative decision when retailer B obtains the information than when retailer B does not obtain the information. This is because retailer B makes a greater quantitative decision after receiving the information. Therefore, retailer A’s quantitative determination usually decreases to keep the market functioning, but the retail price increases. Retailer A’s quantitative and price decisions are greater when retailer B chooses no free shipping. Thus, retailer A expects retailer B to decide not to offer free shipping. However, retailer B has greater demand quantity and retail price under the free shipping strategy than when free shipping is not offered. To find the best solution for the system, we continue the discussion in the later Propositions.



Proposition 3.

For the signal accuracy’s influences on equalization, it holds that



(a) In scenario Y (a   1  )    q i  Y _ Ij   =  M i  Y _ Ij   +  N i  Y _ Ij    ε +  ε 1    , where   i ∈ { A , B }  ,   j ∈ { I , N }  ,   N i  Y _ Ij    improves the accuracy of demand forecasting. (a   2  )    p i  Y _ Ij   =  m i  Y _ Ij   +  n i  Y _ Ij    ε +  ε 1    , where   i ∈ { A , B }  ,   j ∈ { I , N }  ,   n i  Y _ Ij    improves the accuracy of demand forecasting. (a   3  )   E    π i  Y _ Ij    Γ  =  M i  Y _ Ij   +  N i  Y _ Ij    (   σ 4    σ 2  +  σ 1 2    )   , where   i ∈ { A , B , P }  ,   j ∈ { I , N }  ,   N i  Y _ Ij    is decreasing in the competition degree.



(b) In scenario N (b   1  )    q A  N _ Ij   =  M A  N _ Ij   +  N A  N _ Ij    ε +  ε 1    , where   j ∈ { I , N }  ,   N A  N _ Ij    is increasing in the accuracy of the forecast. (b   2  )    p A  N _ Ij   =  m A  N _ Ij   +  n A  N _ Ij    ε +  ε 1    , where   j ∈ { I , N }  ,   n A  N _ Ij    is increasing in the accuracy of the forecast. (b   3  )   E    π i  N _ Ij    Γ  =  M i  N _ Ij   +  N i  N _ Ij    (   σ 4    σ 2  +  σ 1 2    )   , where   i ∈ { A , P }  ,   j ∈ { I , N }  ,   N i  N _ Ij    is decreasing in the competition degree.





When there is demand information, we rewrite retailers’ demand quantities and retail prices as linear functions of   ε +  ε 1    and find that their quantitative and price decisions are positively correlated with the accuracy of the information. And we rewrite retailers’ profits as linear functions of    σ 4    σ 2  +  σ 1 2    . (a   3  ) and (b   3  ) of Proposition 3 express the slope of   E    π i  Y _ Ij    Γ    and   E    π i  N _ Ij    Γ    are decreasing in the cross-price elasticity (cross-price elasticity means the degree of competition). For example,   E    π A  Y _ II    Γ  =  M A  Y _ II   +  N A  Y _ II    (   σ 4    σ 2  +  σ 1 2    )   , where    N A  Y _ II   =    ( 1 − η )    ( γ − 2 β )  2    16  β 3  − 8 β  γ 2     ,   N A  Y _ II    on monotonic decreasing of  γ  (see Appendix A for other proofs). Interestingly, the more competitive the demand, the less responsive the retailer’s profit is to the accuracy of the demand signal. This is because the more intense the competition, the more sensitive the price is to demand. Retailers will suffer greater losses in fierce competition due to price wars. This finding implies that retailer A’s incentive to share information diminishes if demand competition is intense. High competitive pressure and lack of information sharing can also directly affect the profitability of the platform. The platform needs to intervene and adopt specific ways to solve the problem of high competition intensity (such as raising the threshold for platform entry), facilitating the realization of information sharing, and improving the system’s overall revenue.



Proposition 4.

Comparison of the supply chain members’ profits under different scenarios.



(a) Retailer A



(a   1  )   E    π A  Y _ II    Γ  > E    π A  N _ II     Γ    if   F >  K 1  ×   σ 4    σ 2  +  σ 1 2     .



(a   2  )   E    π A  Y _ IN    Γ  > E    π A  N _ IN    Γ    if   F >  K 1  ×   σ 4    σ 2  +  σ 1 2     .



(a   3  )   E    π A  Y _ II    Γ  < E    π A  Y _ IN    Γ    if    ω 1  >   4 β  ω 0  − γ  ω 0   γ   .



(a   4  )   E    π A  N _ II     Γ  < E    π A  N _ IN    Γ    if    ω 1  >   4 β  ω 0  − γ  ω 0   γ   .



(b) Retailer B



(b   1  )  E    π B  Y _ II    Γ  > E    π B  N _ II    Γ    if   F <  K 2  ×   σ 4    σ 2  +  σ 1 2     .



(b   2  )  E    π B  Y _ IN    Γ  > E    π B  N _ IN    Γ    if   F <  K 2  ×   σ 4    σ 2  +  σ 1 2     .



(b   3  )  E    π B  Y _ II    Γ  > E    π B  Y _ IN    Γ    if   a >  K 3   .



(b   4  )  E    π B  N _ II    Γ  > E    π B  N _ IN    Γ    if   a >  K 3   .










	
where    K 1  =   γ  ( 1 − η )   8  β 3  − 6  β 2  γ − 4 β  γ 2  +  γ 3     8 β    γ 2  − 2  β 2   2     ,    K 2  =    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2     ,    K 3  =   4  β 2   ω 0  + 4  β 2   ω 1  − 4 β γ  ω 0  −  γ 2   ω 0  −  γ 2   ω 1    8  β 2  − 4 β γ − 2  γ 2     .








Regarding the information strategy, when the information compensation fee satisfies that    K 1  < F <  K 2   , retailer A is willing to share information, and retailer B is willing to buy information. In terms of the free shipping strategy, when the initial market potential is high, retailer B offers a free shipping strategy. However, when the carrier charges a higher shipping fee to customers, retailer A expects retailer B to refrain from offering a free shipping strategy to maintain its free shipping advantage.




4. Numerical Analysis


To test the reasonableness and validity of the decision in different scenarios, we refer to the research of Bai et al. [44], verify the above propositions through numerical experiments, and analyze the research questions from the perspective of retailers and the platform, respectively.



4.1. Profit Analysis for Retailers


With the guarantee that all variables are positive, the relevant parameters can be set as initial market potential   a = 30  , information purchase fee and compensation fee   F = 20  , unit shipping fee charged by the carrier to retailers    ω 0  = 5  , unit shipping fee charged by the carrier to overseas customers    ω 1  = 6  , the commission rate charged by the platform   η = 0.02  , forecast of market demand   E [ ε | Γ ] = 10   and price sensitivity to its own quantity   β = 1  . Since  β  is set to be greater than  γ , we let price sensitivity to its rivals’ quantity   γ = 0.4  , and the value range of price sensitivity to its own quantity  β  can be limited to the range   [ 0.5 , 1 ]  .



Figure 3a shows retailer A can obtain the biggest profit when retailer B obtains the information and chooses the strategy of no free shipping. Moreover, retailer A has a larger profit when retailer B obtains the information regardless of whether retailer B chooses free shipping. However, from Figure 3b, retailer B’s profit from offering free shipping is always greater than the profit from not offering, regardless of whether it gets information. Therefore, retailer B prefers to provide free shipping services. Concerning retailer B’s willingness to obtain the information, we find that when the information purchase fee   F = 20  ,  β  is located in area a, whether or not free shipping is chosen, the profit when retailer B gets the information is always greater than the profit when it does not. However, when the price has a great influence on its own quantity, that is,  β  is located in area b, retailer B will choose not to buy the information. We can speculate that retailer B is willing to spend a higher information cost to purchase information when the degree of necessity of the product is more elevated.



We can see that retailer B is uncertain about whether to purchase information when the information purchase fee is large. Proposition 4 states that the information purchase fee has a greater impact on retailer B’s decision to purchase information. We change the fee of purchasing information to   F = 5  , and obtain Figure 4. As shown from Figure 4a,b, regardless of whether retailer B chooses free shipping, the profit of obtaining information is always greater than that of not obtaining information. Therefore, when the information purchase fee is small, retailer B ignores the effect of product necessity and purchases the information. Moreover, reducing the information purchase fee does not affect retailer B’s choice of free shipping decision (see Figure 4c,d). From this, we can see that the information purchase fee has an important influence on retailer B’s decision on whether to buy the information. That is, when the price is more sensitive to its own quantity (the necessity of the product is low), the platform needs to control the information purchase fee to enable information sharing.




4.2. Strategic Choices for Retailers


We observe the effects of initial market potential and competitive intensity on retailer A’s willingness to share information, and draw Figure 5. We define the value ranges of   E [ ε | Γ ]   and F in the graph to ensure that all variables are positive. Let   F <    ( 1 − η )   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0     2    16 β    γ 2  − 2  β 2   2    +    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2    =  F +   , and draw the maximum value of F desirable in the graph. Consistent with the above variable settings, let the unit shipping fee charged by the carrier to retailers remain    ω 0  = 5  , the unit shipping fee charged to overseas customers    ω 1  = 6  , the commission rate charged by the platform   η = 0.02  , and let price sensitivity to its own quantity   β = 0.7  .



We observe the effect of initial potential changes in the market and changes in competitive intensity on the strategic choices of retailers A (see Figure 5). The greater the initial market potential, the greater the incentive for retailer A to share information. However, the effect of competition intensity on retailer A’s desire to share information is negative, the bigger the competition intensity, the less retailer A’s incentive to share information desire.



Next, we analyze retailer B’s free shipping strategy. With    ω 0  = 5  ,    ω 1  = 6  ,   1 ≥ β > γ > 0  , according to Proposition 4 (b   3  –b   4  ), we analyze the cases of   a <  K 3    and   a >  K 3    separately. In the range of definition, we let   a = 6   and   a = 30  , respectively. Under the basic assumption that   β > γ   is satisfied, we analyze retailer B’s preference by drawing Figure 6. It shows retailer B’s choice of free shipping strategy. We find that the probability of retailer B choosing free shipping is greater than the probability of selecting no free shipping when the initial market potential   a <  K 3   . And when the competitive intensity of the market  γ  is located in area m, the probability of retailer B choosing not to have free shipping increases with the competitive intensity. Still, when the competitive intensity is greater ( γ  is located in area n), retailer B only chooses no free shipping.



When the initial market potential   a >  K 3   , the shape of the graph remains the same regardless of the change in parameters, so retailer B always chooses the free shipping strategy. The possible reason is that when the initial market potential is small, retailer B has just entered the market and is less competitive. Faced with greater competitive pressure, retailer B is unwilling to risk high shipping fees. However, when the initial market potential is larger, the advantage of free shipping will increase the demand quantities, and then retailer B will choose to offer free shipping to be more competitive and maximize its profit.




4.3. Platform Numerical Analysis


The number of sales on the platform is an essential indicator of e-commerce platform operations. To analyze the impact of market competition on the overall number of platform sales under different market forecasts, we set basic market potential   a = 30  , price sensitivity to its own quantity   β = 1  , unit shipping fee charged by the carrier to retailers    ω 0  = 5  , unit shipping fee charged by the carrier to overseas customers    ω 1  = 6  , and when the market demand forecast is positive, predicted value   E [ ε | Γ ] = 10  , when it is negative, predicted value   E [ ε | Γ ] = − 5  . The intensity of market competition  γ  can be limited to a range   ( 0 , 0.7 )  . Add the equilibrium quantities of retailers A and B in each case,   Q =  q A  i _ Ij   +  q B  i _ Ij    , where   i ∈ [ Y , N ]  ,   j ∈ [ I , N ]  . Substituting the above parameters into Q. As  γ  increases gradually in the range of values, the total number of sales will change accordingly. We compare the total number of deals on the platform in four cases. To observe the law of substantial change, the results are mapped to graphs to analyze the influence of competition intensity on the total number of sales under different market forecasts.



From Figure 7, we can see that the overall number of sales on the platform decreases as the intensity of competition increases. Further, the number of sales is greater when the forecast for the market is positive than when it is negative. Figure 7a shows the results for an uncertain market with a positive demand forecast. While the market competition is small ( γ  is located in area a), the total number of sales on the platform at the time retailer B obtains the information is greater. When the competition intensity is in the middle region ( γ  is located in area b), the platform has a greater total number of sales when retailer B chooses free shipping. And when the market competition is strong ( γ  is located in area c), the platform’s total number of sales when retailer B chooses free shipping is still greater than when shipping is not free. Still, the platform’s total number of sales is larger when retailer B does not obtain the information. This is because, under fierce competition, retailer B will reduce its quantitative decisions based on the principle of risk aversion if market demand information is known. Figure 7b shows the results when the market demand forecast is negative. Interestingly, when there is less competition, the platform sells more when retailer B does not obtain the information. The reason is that here the market demand forecast for uncertainty is negative. After getting information, retailer B naturally makes fewer quantitative decisions. However, when the competitive pressure is particularly high ( γ  is located in the c area), the total platform sales are greater at the time retailer B gets the information. The possible reason for this is that retailer A will reduce its quantitative decision when faced with greater market pressure and a negative market forecast. Under the Stackelberg game, retailer B’s quantitative decision will decrease with retailer A. If retailer B knows the demand information, it may increase part of the quantitative decision when retailer A reduces.



The intensity of market competition has a significant impact on the total number of transactions on the platform, and we further analyze the impact of market competition intensity on platform profits. We plot the profits of the platform in different scenarios under the market mode in Figure 8. Because the profits of the platform are drawn from the profits of retailers A and B, analyzing the profits of retailers A and B in Figure 3 together, we find that although the profits of retailer A are the largest in scenario Y_IN, the profits of the platform are the same as the profit profile of retailer B, which is larger in scenario Y_II. To achieve a win–win situation for all parties, the platform needs to develop appropriate operational strategies to influence factors such as initial market potential and market competition intensity, thus indirectly intervening in the strategic choices of retailers.





5. Discussion and Conclusions


It is crucial to consider how to operate the CBEC platform supply chain with long distances and high costs. We investigated the decision-making of retailers on CBEC platforms regarding information sharing and free shipping under the marketplace mode, and we examined the willingness of information sharing between the existing retailer and the new entrant retailers. The results obtained using theoretical and numerical analysis show that:



(1) In terms of the information-sharing strategy, we find that the existing retailer’s willingness to share information is influenced by initial market potential and competitive intensity. The effect of initial market potential on the willingness to share information is positive. As the initial market potential increases, the willingness of existing retailers to share information also increases. In contrast, the effect of market competition intensity on willingness to share information is negative, i.e., as competition intensity increases, the willingness of existing retailers to share information decreases. The existing retailer will share information when the initial market potential is larger, and the intensity of competition in the market is smaller. In addition, the information fee greatly influences the existing retailer’s willingness to share information and the willingness of the new retailer to acquire information. Information sharing can only be realized when the information fee meets certain conditions.



(2) In terms of the free shipping strategy, we find that both initial market potential and competitive intensity affect the choice of the new entrant retailer. When the initial market potential is larger, the new entrant retailer always chooses the free shipping strategy. However, when the initial market potential is smaller, the willingness to choose free shipping decreases as competition intensifies. And when the market tends to be perfectly competitive, the new entrant retailer will decide not to offer free shipping. It is worth noting that if the existing retailer offers free shipping, information sharing will not affect the retailer’s free shipping decision in a healthy competitive market environment. The new entrant will always offer free shipping, which is consistent with reality.



From the platform perspective, it is clear that the platform is most profitable when information sharing and free shipping occur simultaneously. For information sharing and free shipping to co-occur, the platform needs to set up reasonable operational strategies to meet the following conditions: the larger initial market potential, the smaller market competition intensity, and the reasonable information fee. Therefore, the platform could seize market share with other platforms by increasing advertising, improving service levels, and enriching products to increase initial market potential and reduce market competition intensity; it can also control the number of e-retailers on the platform and reduce market competition intensity. In addition, while maintaining product diversification, the platform should also consider the attributes of products sold by retailers. When the necessity of the product is higher, the new entrant retailer is willing to spend a higher information cost to purchase information.



The obtained results enrich the theoretical results of platform supply chains by starting from information sharing and free shipping strategies. However, there are still limitations in this paper. First, we set the shipping fee as an exogenous variable that is not generalizable. We consider setting the shipping fee as a decision variable in future studies and considering shipping fee discounts. Second, the service quality of transportation is also a vital issue in CBEC. In the future, we will discuss the competition among retailers by considering the quality of shipping service when free shipping is available. Finally, tax differences are prominent features of cross-border e-commerce. In the future, we will study the competition in the supply chain of B2B e-commerce platforms based on tax planning.
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Appendix A. The Derivation of Equilibriums


We use the solution steps of scenario N_IN as an example to illustrate the process of this game.



In our model, retailers maximize their expected profits through quantity decisions. In the Stackelberg model with retailer A as the leader and retailer B as the follower, we solve this game by reverse induction. The expected profit of members in the supply chain expected profit is given by   E   π i  N _ IN    =  ∫  − ∞   + ∞    ∫  − ∞   + ∞   E   π i  N _ IN    g  ε ,  ε 1   d ε d  ε 1   .



Since  ε  and   ε 1   are independent of each other,   g  ( ε ,  ε 1  )  = g  ( ε )  g  (  ε 1  )   .   g ( ε )   and   g (  ε 1  )   are the normal probability density functions of  ε  and   ε 1  , respectively.   g ( ε ,  ε 1  )   is a binary normal probability density function.Because of   E  [ ε | Γ ]  =    σ 2  Γ    σ 2  +  σ 1 2    =    σ 2   ε +  ε 1      σ 2  +  σ 1 2     , we have



   ∫  − ∞   + ∞    ∫  − ∞   + ∞   E  [ ε | Γ ]  g  ε ,  ε 1   d ε d  ε 1  = 0  .    ∫  − ∞   + ∞    ∫  − ∞   + ∞   E   [ ε | Γ ]  2  g  ε ,  ε 1   d ε d  ε 1  =   σ 4    σ 2  +  σ 1 2     .



Step 1: Substituting   p B   for   E   π B  N _ IN     . Since retailer B does not know the market demand information, the profit function for retailer B can be written as:   M a x E   π B  N _ IN    =  q B   ( 1 − η )   a − γ E   q A   − β  q B  −  ω 1    .



Step 2:   E   π B  N _ IN      to   q B   for which the first-order partial derivative is equal to 0.     ∂ E   π B  N _ IN      ∂  q B    = a − γ  q A  − 2 β  q B  −  ω 1  = 0  .    q B  =   a − γ E   q A   −  ω 1    2 β    .



Step 3: Substituting   p A  N _ IN    and   q B   into   E    π A  N _ IN    Γ   .   M a x E    π A  N _ IN    Γ  =  



   ( 1 − η )  E    q A    p A  −  ω 0    Γ  =  q A   ( 1 − η )   a + E  [ ε | Γ ]  −   γ  a − γ  q A  −  ω 1     2 β   − β  q A  −  ω 0   , Γ = ε +  ε 1   .



Step 4:   E    π A  N _ IN    Γ    to   q A   for which the first-order partial derivative is equal to 0.     ∂ E    π A  N _ IN    Γ    ∂  q A    =   2 β  ( E  [ ε | Γ ]  + a )  − a γ + 2  q A    γ 2  − 2  β 2   − 2 β  ω 0  + γ  ω 1    2 β   = 0  ,    q A  =   2 a β − a γ − 2 β  ω 0  + γ  ω 1    4  β 2  − 2  γ 2    +   2 β E [ ε | Γ ]   4  β 2  − 2  γ 2     .



Step 5: Substituting   q A   into the   q B  .    q B  =   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0    8  β 3  − 4 β  γ 2     .



Step 6: Substituting   q A   from step 4 and   q B   from step 5 into    p A  N _ IN   ,  p B  N _ IN    .



   p A  =   2 a β − a γ + 2 β  ω 0  + γ  ω 1    4 β   +    4  β 3  − 4 β  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     ,    p B  =   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0    8  β 2  − 4  γ 2     .



Step 7: Substituting   q A  ,   q B  ,   p A  ,   p B   into profit function we derive equilibrium profit   E    π A  N _ IN    Γ   ,   E   π B  N _ IN      and   E   π P  N _ IN     .The expected profits for members in the supply chain are specified as:



  E    π A  N _ IN    Γ  =    ( 1 − η )   2 a β − a γ − 2 β  ω 0  + γ  ω 1     2    16  β 3  − 8 β  γ 2    +   β ( 1 − η ) ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ×   σ 4    σ 2  +  σ 1 2     ,



  E   π B  N _ IN    =    ( 1 − η )   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0     2     8  β 2  − 4  γ 2    8  β 3  − 4 β  γ 2      ,



   E   π P  N _ IN    =   η   a 2   2  β 2  −  γ 2     ( γ − 2 β )  2  +  2  β 2  −  γ 2    2 β  ω 0  − γ  ω 1    2 a  ( γ − 2 β )  + 2 β  ω 0  − γ  ω 1      8 β    γ 2  − 2  β 2   2    +   



    η  a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0     2     8  β 2  − 4  γ 2    8  β 3  − 4 β  γ 2     +   η β ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ×   σ 4    σ 2  +  σ 1 2     .



Similarly, other scenario optimal solutions can be derived, and Table A1 summarize the equilibrium results for different scenarios.
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Table A1. Equilibrium results under different scenarios.






Table A1. Equilibrium results under different scenarios.





	
Y_II

	
     q A  Y _ II   =    a −  ω 0    ( 2 β − γ )    4  β 2  − 2  γ 2    +   ( 2 β − γ ) E [ ε | Γ ]   4  β 2  − 2  γ 2       




	
    q B  Y _ II   =    a −  ω 0    4  β 2  − 2 β γ −  γ 2     8  β 3  − 4 β  γ 2    +    4  β 2  − 2 β γ −  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2      




	
    p A  Y _ II   =   a  ( 2 β − γ )  +  ω 0   ( 2 β + γ )    4 β   +   ( 2 β − γ ) E [ ε | Γ ]   4 β     




	
    p B  Y _ II   =   a  4  β 2  − 2 β γ −  γ 2   +  ω 0   4  β 2  + 2 β γ − 3  γ 2     8  β 2  − 4  γ 2    +    4  β 2  − 2 β γ −  γ 2   E  [ ε | Γ ]    8  β 2  − 4  γ 2      




	
   E    π A  Y _ II    Γ  = F +    ( 1 − η )    ( γ − 2 β )  2   a −  ω 0     2    16  β 3  − 8 β  γ 2    +    ( 1 − η )    ( γ − 2 β )  2    16  β 3  − 8 β  γ 2    ×   σ 4    σ 2  +  σ 1 2      




	
   E    π B  Y _ II    Γ  = − F +    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2   a −  ω 0     2    16 β    γ 2  − 2  β 2   2    +    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2      




	
   E   π P  Y _ II    =   η   a 2  − 2 a  ω 0  +  ω 0 2    32  β 4  − 32  β 3  γ − 8  β 2   γ 2  + 12 β  γ 3  −  γ 4     16 β    γ 2  − 2  β 2   2    +   η  32  β 4  − 32  β 3  γ − 8  β 2   γ 2  + 12 β  γ 3  −  γ 4     16 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2      




	
Y_IN

	
    q A  Y _ IN   =   a  ( 2 β − γ )  − 2 β  ω 0  + γ  ω 1    4  β 2  − 2  γ 2    +   ( 2 β − γ ) E [ ε | Γ ]   4  β 2  − 2  γ 2      




	
    q B  Y _ IN   =   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0    8  β 3  − 4 β  γ 2    +    4  β 2  − 2 β γ −  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2      




	
    p A  Y _ IN   =   a  ( 2 β − γ )  + 2 β  ω 0  + γ  ω 1    4 β   +   ( 2 β − γ ) E [ ε | Γ ]   4 β     




	
    p B  Y _ IN   =   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0    8  β 2  − 4  γ 2    +    4  β 2  − 2 β γ −  γ 2   E  [ ε | Γ ]    8  β 2  − 4  γ 2      




	
   E    π A  Y _ IN    Γ  = F +    ( 1 − η )   2 a β − a γ − 2 β  ω 0  + γ  ω 1     2    16  β 3  − 8 β  γ 2    +    ( 1 − η )    ( γ − 2 β )  2    16  β 3  − 8 β  γ 2    ×   σ 4    σ 2  +  σ 1 2      




	
   E    π B  Y _ IN    Γ  = − F +    ( 1 − η )   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0     2    16 β    γ 2  − 2  β 2   2    +    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2      




	
   E   π P  Y _ IN    =   η  a 2    ( γ − 2 β )  2    16  β 3  − 8 β  γ 2    +   η  a 2    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2    +   η  2 β  ω 0  − γ  ω 1    2 a  ( γ − 2 β )  + 2 β  ω 0  − γ  ω 1     16  β 3  − 8 β  γ 2    +   




	
     η    ω 1   4  β 2  −  γ 2   − 2 β γ  ω 0    2 a  − 4  β 2  + 2 β γ +  γ 2   +  ω 1   4  β 2  −  γ 2   − 2 β γ  ω 0      16 β    γ 2  − 2  β 2   2    −   η ( − 32  β 4  + 32  β 3  γ + 8  β 2   γ 2  − 12 β  γ 3  +  γ 4  )   16 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2      




	
N_II

	
    q A  N _ II   =    a −  ω 0    ( 2 β − γ )    4  β 2  − 2  γ 2    +   2 β E [ ε | Γ ]   4  β 2  − 2  γ 2      




	
    q B  N _ II   =    a −  ω 0    4  β 2  − 2 β γ −  γ 2     8  β 3  − 4 β  γ 2      




	
    p A  N _ II   =   a  ( 2 β − γ )  +  ω 0   ( 2 β + γ )    4 β   +    4  β 3  − 4 β  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2      




	
    p B  N _ II   =   a  4  β 2  − 2 β γ −  γ 2   +  ω 0   4  β 2  + 2 β γ − 3  γ 2     8  β 2  − 4  γ 2      




	
   E    π A  N _ II    Γ  =    ( 1 − η )   a −  ω 0     2    ( γ − 2 β )  2    16  β 3  − 8 β  γ 2    +   β ( 1 − η ) ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ×   σ 4    σ 2  +  σ 1 2      




	
   E   π B  N _ II    =    ( 1 − η )   a −  ω 0     2    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2      




	
   E   π P  N _ II    =   η  a −  ω 0     2   32  β 4  − 32  β 3  γ − 8  β 2   γ 2  + 12 β  γ 3  −  γ 4     16 β    γ 2  − 2  β 2   2    +   η β ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ×   σ 4    σ 2  +  σ 1 2      




	
N_IN

	
    q A  N _ IN   =   2 a β − a γ − 2 β  ω 0  + γ  ω 1    4  β 2  − 2  γ 2    +   2 β E [ ε | Γ ]   4  β 2  − 2  γ 2      




	
    q B  N _ IN   =   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0    8  β 3  − 4 β  γ 2      




	
    p A  N _ IN   =   2 a β − a γ + 2 β  ω 0  + γ  ω 1    4 β   +    4  β 3  − 4 β  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2      




	
    p B  N _ IN   =   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0    8  β 2  − 4  γ 2      




	
   E    π A  N _ IN    Γ  =    ( 1 − η )   2 a β − a γ − 2 β  ω 0  + γ  ω 1     2    16  β 3  − 8 β  γ 2    +   β ( 1 − η ) ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ×   σ 4    σ 2  +  σ 1 2      




	
   E   π B  N _ IN    =    ( 1 − η )   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0     2     8  β 2  − 4  γ 2    8  β 3  − 4 β  γ 2       




	
   E   π P  N _ IN    =   η  a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0     2     8  β 2  − 4  γ 2    8  β 3  − 4 β  γ 2     +   




	
     η   a 2   2  β 2  −  γ 2     ( γ − 2 β )  2  +  2  β 2  −  γ 2    2 β  ω 0  − γ  ω 1    2 a  ( γ − 2 β )  + 2 β  ω 0  − γ  ω 1      8 β    γ 2  − 2  β 2   2    +   η β ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ×   σ 4    σ 2  +  σ 1 2      









Proposition 1



Proof of Proposition 1.

Quantity difference:    q A  Y _ II   −  q B  Y _ II   =    γ 2   a −  ω 0     8  β 3  − 4 β  γ 2    +    γ 2  E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     ,



   q A  Y _ IN   −  q B  Y _ IN   =   a  γ 2  +  ω 1   4  β 2  + 2 β γ −  γ 2   − 2 β  ω 0   ( 2 β + γ )    8  β 3  − 4 β  γ 2    +    γ 2  E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     ,



   q A  N _ II   −  q B  N _ II   =   a  γ 2  −  γ 2   ω 0    8  β 3  − 4 β  γ 2    +   4  β 2  E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     ,



   q A  N _ IN   −  q B  N _ IN   =   a  γ 2  +  ω 1   4  β 2  + 2 β γ −  γ 2   − 2 β  ω 0   ( 2 β + γ )    8  β 3  − 4 β  γ 2    +   4  β 2  E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     .



Price difference:



   p A  Y _ II   −  p B  Y _ II   = −    γ 2   a −  ω 0    ( β − γ )    8  β 3  − 4 β  γ 2    −    γ 2   ( β − γ )  E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     ,



   p A  Y _ IN   −  p B  Y _ IN   =   − a  γ 2   ( β − γ )  +  ω 1   4  β 3  + 2  β 2  γ − β  γ 2  −  γ 3   + 2 β  ω 0   ( β − γ )   ( 2 β + γ )    8  β 3  − 4 β  γ 2    +    γ 2   ( γ − β )  E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     ,



   p A  N _ II   −  p B  N _ II   =    ( β − γ )    γ 2   ω 0  − a  γ 2     8  β 3  − 4 β  γ 2    +   4 β ( β − γ ) ( β + γ ) E [ ε | Γ ]   8  β 3  − 4 β  γ 2     ,



   p A  N _ IN   −  p B  N _ IN   =   − a  γ 2   ( β − γ )  +  ω 1   4  β 3  + 2  β 2  γ − β  γ 2  −  γ 3   + 2 β  ω 0   ( β − γ )   ( 2 β + γ )    8  β 3  − 4 β  γ 2    +   4 β ( β − γ ) ( β + γ ) E [ ε | Γ ]   8  β 3  − 4 β  γ 2     .



  E  [ ε | Γ ]  =    σ 2  Γ    σ 2  +  σ 1 2    =    σ 2   ε +  ε 1      σ 2  +  σ 1 2     ,     σ 2    σ 2  +  σ 1 2    > 0  .



We analyze the cases where   ε +  ε 1    is greater than 0 and less than 0, respectively. Satisfying the condition that all variables are greater than zero, we use the Y_II scenario as an example to illustrate the comparison of the quantities between retailer A and retailer B.



   q A  Y _ II   −  q B  Y _ II   =    γ 2   a −  ω 0     8  β 3  − 4 β  γ 2    +    γ 2  E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     . If   E [ ε | Γ ] > 0  , i.e., while   ε +  ε 1  > 0  ,   β > γ  , and for all variables greater than 0, a must satisfy   a >   4  β 2   ω 1  − 2 β γ  ω 0  −  γ 2   ω 1    4  β 2  − 2 β γ −  γ 2    >  ω 0   , so    q A  Y _ II   >  q B  Y _ II    . If   E [ ε | Γ ] < 0  , i.e., while   ε +  ε 1  < 0  , to satisfy    q A  Y _ II   >  q B  Y _ II    , it is necessary to satisfy   a >  ω 0  − E  [ ε | Γ ]   . In the range of definition, it is guaranteed that   a >  ω 0  − E  [ ε | Γ ]   , so    q A  Y _ II   >  q B  Y _ II    .



Therefore, the results of    q A  Y _ II   >  q B  Y _ II     can be easily derived. And the process of quantitative comparative analysis regarding the other three scenarios is consistent with the Y_II scenario. Next, we use scenario Y_IN as an example to illustrate the results of comparing the retail prices of retailers A and B.



   p A  Y _ IN   −  p B  Y _ IN   =   − a  γ 2   ( β − γ )  +  ω 1   4  β 3  + 2  β 2  γ − β  γ 2  −  γ 3   + 2 β  ω 0   ( β − γ )   ( 2 β + γ )    8  β 3  − 4 β  γ 2    +    γ 2   ( γ − β )  E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     .



We let     − a  γ 2   ( β − γ )  +  ω 1   4  β 3  + 2  β 2  γ − β  γ 2  −  γ 3   + 2 β  ω 0   ( β − γ )   ( 2 β + γ )    8  β 3  − 4 β  γ 2    +    γ 2   ( γ − β )  E  [ ε | Γ ]    8  β 3  − 4 β  γ 2    > 0  , and consider both   E [ ε | Γ ] > 0   and   E [ ε | Γ ] < 0   to get    p A  Y _ IN   >  p B  Y _ IN     while



  a <   4  β 3   ω 0  + 4  β 3   ω 1  − 2  β 2  γ  ω 0  + 2  β 2  γ  ω 1  − 2 β  γ 2   ω 0  − β  γ 2   ω 1  −  γ 3   ω 1    β  γ 2  −  γ 3    +    γ 3  − β  γ 2    β  γ 2  −  γ 3     ε +  ε 1     and   0 < ε +  ε 1  <   4  β 3   ω 0  + 4  β 3   ω 1  − 2  β 2  γ  ω 0  + 2  β 2  γ  ω 1  − 2 β  γ 2   ω 0  − β  γ 2   ω 1  −  γ 3   ω 1    β  γ 2  −  γ 3     . Then we obtain the result of Proposition 1(b   2  ), the price comparisons in the other scenarios are consistent with Scenario Y_II.



The results in Proposition 1 are proved. □





Proof. Proposition 2

Quantity difference:    q A  Y _ II   −  q A  N _ II   =  q A  Y _ IN   −  q A  N _ IN   =   γ E [ ε | Γ ]   2   γ 2  − 2  β 2      ,



   q A  Y _ II   −  q A  Y _ IN   =  q A  N _ II   −  q A  N _ IN   =   γ   ω 0  −  ω 1     4  β 2  − 2  γ 2     ,



   q B  Y _ II   −  q B  N _ II   =  q B  Y _ IN   −  q B  N _ IN   =    4  β 2  − 2 β γ −  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     ,



   q B  Y _ II   −  q B  Y _ IN   =  q B  N _ II   −  q B  N _ IN   = −     ω 0  −  ω 1    4  β 2  −  γ 2     8  β 3  − 4 β  γ 2     .



Price difference:



   p A  Y _ II   −  p A  N _ II   =  p A  Y _ IN   −  p A  N _ IN   =   γ  − 2  β 2  + 2 β γ +  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2     ,



   p A  Y _ II   −  p A  Y _ IN   =  p A  N _ II   −  p A  N _ IN   =   γ   ω 0  −  ω 1     4 β    ,



   p B  Y _ II   −  p B  N _ II   =  p B  Y _ IN   −  p B  N _ IN   =    4  β 2  − 2 β γ −  γ 2   E  [ ε | Γ ]    8  β 2  − 4  γ 2     ,



   p B  Y _ II   −  p B  Y _ IN   =  p B  N _ II   −  p B  N _ IN   =    ω 0   4  β 2  − 3  γ 2   +  ω 1   4  β 2  −  γ 2     8  β 2  − 4  γ 2     .



When the assumption   β > γ   is satisfied, we can easily obtain Proposition 2. □





Proof. Proposition 3

In scenario Y:    q A  Y _ II   =    a −  ω 0    ( 2 β − γ )    4  β 2  − 2  γ 2    +   ( 2 β − γ ) E [ ε | Γ ]   4  β 2  − 2  γ 2     ,   q A  Y _ II    can be written in terms of    q A  Y _ II   =  M A  Y _ II   +  N A  Y _ II    ε +  ε 1    ,    N A  Y _ II   =    ( 2 β − γ )   σ −    4  β 2  − 2  γ 2      while   β > γ  ,      ( 2 β − γ )   σ −    4  β 2  − 2  γ 2    > 0  , so   N A  Y _ II    improves the accuracy of forecasting market demand.



Similarly, the other proofs are as follows:



   q B  Y _ II   =    a −  ω 0    4  β 2  − 2 β γ −  γ 2     8  β 3  − 4 β  γ 2    +    4  β 2  − 2 β γ −  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2    =  M B  Y _ II   +  N B  Y _ II    ε +  ε 1   ,  N B  Y _ II   =    ( 4  β 2  − 2 β γ −  γ 2  )   σ −    8  β 3  − 4 β  γ 2    > 0  ;



   q A  Y _ IN   =   a  ( 2 β − γ )  − 2 β  ω 0  + γ  ω 1    4  β 2  − 2  γ 2    +   ( 2 β − γ ) E [ ε | Γ ]   4  β 2  − 2  γ 2    =  M A  Y _ IN   +  N A  Y _ IN    ε +  ε 1   ,  N A  Y _ IN   =    ( 2 β − γ )   σ −    4  β 2  − 2  γ 2    > 0  ;



   q B  Y _ IN   =   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0    8  β 3  − 4 β  γ 2    +    4  β 2  − 2 β γ −  γ 2   E  ( ε | Γ )    8  β 3  − 4 β  γ 2    =  M B  Y _ IN   +  N B  Y _ IN    ε +  ε 1   ,  N B  Y _ IN   =    ( 4  β 2  − 2 β γ −  γ 2  )   σ −    8  β 3  − 4 β  γ 2    > 0  ;



   p A  Y _ II   =   a  ( 2 β − γ )  +  ω 0   ( 2 β + γ )    4 β   +   ( 2 β − γ ) E [ ε | Γ ]   4 β   =  m A  Y _ II   +  n A  Y _ II    ε +  ε 1   ,  n A  Y _ II   =    ( 2 β − γ )   σ −    4 β   > 0  ;



   p B  Y _ II   =   a  4  β 2  − 2 β γ −  γ 2   +  ω 0   4  β 2  + 2 β γ − 3  γ 2     8  β 2  − 4  γ 2    +    4  β 2  − 2 β γ −  γ 2   E  [ ε | Γ ]    8  β 2  − 4  γ 2    =  m B  Y _ II   +  n B  Y _ II    ε +  ε 1   ,  n A  Y _ II   =    ( 4  β 2  − 2 β γ −  γ 2  )   σ −    8  β 2  − 4  γ 2    > 0  ;



   p A  Y _ IN   =   a  ( 2 β − γ )  + 2 β  ω 0  + γ  ω 1    4 β   +   ( 2 β − γ ) E [ ε | Γ ]   4 β   =  m A  Y _ IN   +  n A  Y _ IN    ε +  ε 1   ,  n A  Y _ IN   =    ( 2 β − γ )   σ −    4 β   > 0  ;



   p B  Y _ IN   =   a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0    8  β 2  − 4  γ 2    +    4  β 2  − 2 β γ −  γ 2   E  ( ε | Γ )    8  β 2  − 4  γ 2    =  m B  Y _ IN   +  n B  Y _ IN    ε +  ε 1   ,  n B  Y _ IN   =    ( 4  β 2  − 2 β γ −  γ 2  )   σ −    8  β 2  − 4  γ 2    > 0  .



In scenario N:



   q A  N _ II   =    a −  ω 0    ( 2 β − γ )    4  β 2  − 2  γ 2    +   2 β E [ ε | Γ ]   4  β 2  − 2  γ 2    =  M A  N _ II   +  N A  N _ II    ε +  ε 1   ,  N A  Y _ II   =   2 β  σ −    4  β 2  − 2  γ 2    > 0  ;



   q A  N _ IN   =   2 a β − a γ − 2 β  ω 0  + γ  ω 1    4  β 2  − 2  γ 2    +   2 β E [ ε | Γ ]   4  β 2  − 2  γ 2    =  M A  N _ IN   +  N A  N _ IN    ε +  ε 1   ,  N A  N _ IN   =   2 β  σ −    4  β 2  − 2  γ 2    > 0  ;



   p A  N _ II   =   2 a β − a γ + 2 β  ω 0  + γ  ω 0    4 β   +    4  β 3  − 4 β  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2    =  m A  N _ II   +  n A  N _ II    ε +  ε 1   ,  n A  N _ II   =    ( 4  β 3  − 4 β  γ 2  )   σ −    8  β 3  − 4 β  γ 2    > 0  ;



   p A  N _ IN   =   2 a β − a γ + 2 β  ω 0  + γ  ω 1    4 β   +    4  β 3  − 4 β  γ 2   E  [ ε | Γ ]    8  β 3  − 4 β  γ 2    =  m A  N _ IN   +  n A  N _ IN    ε +  ε 1   ,  n A  N _ IN   =    ( 4  β 3  − 4 β  γ 2  )   σ −    8  β 3  − 4 β  γ 2    > 0  .



The effect of market forecasts on quantities and prices was demonstrated. We next demonstrate how the intensity of competition affects the profits of retailers A and B in the presence of market demand signals.   E    π A  Y _ II    Γ  = F +  ( 1 − η )   (    a −  ω 0     2    ( γ − 2 β )  2    16  β 3  − 8 β  γ 2    +    ( γ − 2 β )  2   16  β 3  − 8 β  γ 2    ×   σ 4    σ 2  +  σ 1 2    )   . Since   1 − η > 0  , we calculate the derivative of     ( γ − 2 β )  2   16  β 3  − 8 β  γ 2     with respect to  γ  and obtain     16 β γ   ( γ − 2 β )  2     16  β 3  − 8 β  γ 2   2   +   2 ( γ − 2 β )   16  β 3  − 8 β  γ 2     , while   1 > β > γ > 0  ,     16 β γ   ( γ − 2 β )  2     16  β 3  − 8 β  γ 2   2   +   2 ( γ − 2 β )   16  β 3  − 8 β  γ 2    < 0  , so   E    π A  Y _ II    Γ    can be written in the form of   E    π A  Y _ II    Γ  =  M A  Y _ II   +  N A  Y _ II    (   σ 4    σ 2  +  σ 1 2    )   ,    N A  Y _ II   =    ( 1 − η )    ( γ − 2 β )  2    16  β 3  − 8 β  γ 2      and   N A  Y _ II    is decreasing in the competition degree.



  E    π A  Y _ IN    Γ  = F +  ( 1 − η )   (    2 a β − a γ − 2 β  ω 0  + γ  ω 1     2    16  β 3  − 8 β  γ 2    +    ( γ − 2 β )  2   16  β 3  − 8 β  γ 2    ×   σ 4    σ 2  +  σ 1 2    )  =  M A  Y _ IN   +  N A  Y _ IN     (   σ 4    σ 2  +  σ 1 2    )  ,  N A  Y _ IN   =    ( 1 − η )    ( γ − 2 β )  2    16  β 3  − 8 β  γ 2    ,  d  d γ      ( γ − 2 β )  2   16  β 3  − 8 β  γ 2    =   16 β γ   ( γ − 2 β )  2     16  β 3  − 8 β  γ 2   2   +   2 ( γ − 2 β )   16  β 3  − 8 β  γ 2    < 0  .



  E    π B  Y _ II    Γ  = − F +  ( 1 − η )   (    a −  ω 0     2    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2    +    − 4  β 2  + 2 β γ +  γ 2   2   16 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2    )  =  M B  Y _ II   +  N B  Y _ II    (   σ 4    σ 2  +  σ 1 2    )  ,  N B  Y _ II   =    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2    ,  d  d γ      − 4  β 2  + 2 β γ +  γ 2   2   16 β    γ 2  − 2  β 2   2    =    ( 2 β + 2 γ )   − 4  β 2  + 2 β γ +  γ 2     8 β    γ 2  − 2  β 2   2    −   γ   − 4  β 2  + 2 β γ +  γ 2   2    4 β    γ 2  − 2  β 2   3    < 0  .



   E    π B  Y _ IN    Γ  = − F +  ( 1 − η )   (    a  4  β 2  − 2 β γ −  γ 2   +  ω 1    γ 2  − 4  β 2   + 2 β γ  ω 0     2    16 β    γ 2  − 2  β 2   2    +    − 4  β 2  + 2 β γ +  γ 2   2   16 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2    )    



  =  M B  Y _ IN   +  N B  Y _ IN    (   σ 4    σ 2  +  σ 1 2    )  ,  N B  Y _ IN   =    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2    ,  d  d γ      − 4  β 2  + 2 β γ +  γ 2   2   16 β    γ 2  − 2  β 2   2    =    ( 2 β + 2 γ )   − 4  β 2  + 2 β γ +  γ 2     8 β    γ 2  − 2  β 2   2    −   γ   − 4  β 2  + 2 β γ +  γ 2   2    4 β    γ 2  − 2  β 2   3    < 0  .



   E    π A  N _ II    Γ  =  ( 1 − η )   (    a −  ω 0     2    ( γ − 2 β )  2    16  β 3  − 8 β  γ 2    +   β ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ×   σ 4    σ 2  +  σ 1 2    )  =  M A  N _ II   +  N A  N _ II    (   σ 4    σ 2  +  σ 1 2    )  ,   



   N A  N _ II   =   ( 1 − η ) β ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ,  d  d γ     β ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   =   β ( β − γ )     γ 2  − 2  β 2   2   −   4 β γ ( β + γ ) ( β − γ )     γ 2  − 2  β 2   3   −   β ( β + γ )     γ 2  − 2  β 2   2   < 0  .



   E    π A  N _ IN    Γ  =  ( 1 − η )   (    2 a β − a γ − 2 β  ω 0  + γ  ω 1     2    16  β 3  − 8 β  γ 2    +   β ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ×   σ 4    σ 2  +  σ 1 2    )  =   



    M A  N _ IN   +  N A  N _ IN    (   σ 4    σ 2  +  σ 1 2    )  ,  N A  N _ IN   =   ( 1 − η ) β ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   ,  d  d γ     β ( β − γ ) ( β + γ )     γ 2  − 2  β 2   2   =   β ( β − γ )     γ 2  − 2  β 2   2   −   4 β γ ( β + γ ) ( β − γ )     γ 2  − 2  β 2   3   −   β ( β + γ )     γ 2  − 2  β 2   2   < 0 .   



Then we can get the results of Proposition 3. □
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Table A2. The profit differences in different scenarios.






Table A2. The profit differences in different scenarios.





	
Retailer A

	
    E    π A  Y _ II    Γ  − E    π A  N _ II    Γ  = F −   γ  ( 1 − η )   8  β 3  − 6  β 2  γ − 4 β  γ 2  +  γ 3     8 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2       




	
   E    π A  Y _ IN    Γ  − E    π A  N _ IN    Γ  = F −   γ  ( 1 − η )   8  β 3  − 6  β 2  γ − 4 β  γ 2  +  γ 3     8 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2      




	
   E    π A  Y _ II    Γ  − E    π A  Y _ IN    Γ  =   γ  ( 1 − η )    ω 0  −  ω 1    4 a β − 2 a γ +  ω 0   ( γ − 4 β )  + γ  ω 1     16  β 3  − 8 β  γ 2      




	
   E    π A  N _ II    Γ  − E    π A  N _ IN    Γ  =   γ  ( 1 − η )    ω 0  −  ω 1    4 a β − 2 a γ +  ω 0   ( γ − 4 β )  + γ  ω 1     16  β 3  − 8 β  γ 2      




	
Retailer B

	
   E    π B  Y _ II    Γ  − E   π B  N _ II    = − F +    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2    ×   σ 4    σ 2  +  σ 1 2      




	
   E    π B  Y _ IN    Γ  − E   π B  N _ IN    = − F +    ( 1 − η )    − 4  β 2  + 2 β γ +  γ 2   2    16 β    γ 2  − 2  β 2   2      σ 4    σ 2  +  σ 1 2      




	
   E    π B  Y _ II    Γ  − E    π B  Y _ IN    Γ  =    ( 1 − η )     ω 0  −  ω 1    4  β 2  −  γ 2    2 a  − 4  β 2  + 2 β γ +  γ 2   +  ω 0   4  β 2  − 4 β γ −  γ 2   +  ω 1   4  β 2  −  γ 2       16 β    γ 2  − 2  β 2   2      




	
   E   π B  N _ II    − E   π B  N _ IN    =    ( 1 − η )     ω 0  −  ω 1    4  β 2  −  γ 2    2 a  − 4  β 2  + 2 β γ +  γ 2   +  ω 0   4  β 2  − 4 β γ −  γ 2   +  ω 1   4  β 2  −  γ 2       16 β    γ 2  − 2  β 2   2      









Proof. Proposition 4

We summarize the profit differential between retailer A, retailer B, and Carrier C for different scenarios in Table A2. The Proposition 4 (a   1  ,a   2  ,b   1  ,b   2  ) can be easily seen in Table A2, and we illustrate the remainder with the profit difference between retailer A in the Y_II and Y_IN scenarios.



  E    π A  Y _ II    Γ  − E    π A  Y _ IN    Γ  =   γ  ( 1 − η )    ω 0  −  ω 1    4 a β − 2 a γ +  ω 0   ( γ − 4 β )  + γ  ω 1     16  β 3  − 8 β  γ 2     . Since   1 − η > 0  , we solve this inequality on the basis of satisfying    ω 1  >  ω 0  > 0 , 1 > β > γ > 0 , a > 0   less than 0. And we get that when    ω 1  >   4 β  ω 0  − γ  ω 0   γ   ,   E    π A  Y _ II    Γ  < E    π A  Y _ IN    Γ   , otherwise   E    π A  Y _ II    Γ  > E    π A  Y _ IN    Γ   . Proposition 4(a   3  ) is proven. The analysis process in the other scenarios is the same as the above process, from which we can obtain the content of Proposition 4. □
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Figure 1. Supply chain structure. 
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Figure 2. Sequence of events. 
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Figure 3. The changes in retailer A and B’s profit with respect to  β  under four scenarios. (a) Retailer A. (b) Retailer B. 
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Figure 4. Profits comparison of retailer B under different scenarios (  F = 5  ). 
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Figure 5. Retailer A’s preference over sharing information strategy. 
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Figure 6. Retailer B’s preference over free shipping strategy. (a)   a <  K 3   . (b)   a >  K 3   . 
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Figure 7. The size of overseas market comparison of four scenarios under different market forecasts. (a)   ( ε +  ε 1  ) > 0  . (b)   ( ε +  ε 1  ) < 0  . 
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Figure 8. Profit comparison of platform P under four scenarios. 
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Table 1. Contribution of this paper and related literature.






Table 1. Contribution of this paper and related literature.













	
	E-Commerce
	E-Commerce Platform
	Free Shipping
	Information Sharing
	Competition





	Li and Zhang [26]
	√
	
	
	√
	√



	Mukhopadhyay et al. [35]
	√
	
	
	√
	√



	Liu et al. [34]
	√
	
	
	√
	√



	Wang and Li [21]
	√
	
	√
	
	√



	Rui et al. [25]
	√
	
	√
	
	√



	Niu et al. [9]
	√
	
	√
	
	√



	Cao et al. [18]
	√
	√
	
	√
	√



	Zha et al. [16]
	√
	√
	
	√
	√



	Our paper
	√
	√
	√
	√
	√
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Table 2. Notations and explanations.






Table 2. Notations and explanations.





	Parameters
	Meaning





	a
	Initial market potential



	  ε  
	Demand uncertainty



	  β  
	Price sensitivity to its own quantity



	  γ  
	Price sensitivity to its rivals’ quantity



	  η  
	Platform’s commission rate with marketplace mode



	F
	Information purchase fee



	   π i   
	The profit of i, where   i = A , B , P  



	   q i   
	Sales quantity of retailers, where   i = A , B  



	   p i   
	Unit product price, where   i = A , B  



	   ω 0   
	Unit shipping fee charged to retailers by the carrier



	   ω 1   
	Unit shipping fee charged to overseas customers by the carrier
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