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Abstract

:

Because of incomplete information on pre-sold products, consumers face uncertainty about the value of what they have purchased, which leads to a mismatch between supply and demand and a large number of returns. By developing appropriate return policies and effectively managing and handling consumer returns, retailers can not only reduce waste but also ensure better resource utilization, which is essential for sustainable development. In this paper, we analyze the full-refund and full-and-freight-refund policies of retailers and develop a game model based on binary competition for selecting the optimal return policy for the pre-sold products of two retailers. The study shows that when both retailers have low capacity, there is no pre-sale stage. However, when their combined capacity is high and exceeds the demand of non-strategic consumers, equilibrium depends on their combined capacity and the proportion of strategic consumers who choose to keep the pre-purchased product under both return policies. When the number of strategic consumers who retain pre-order products is low under the full-refund policy and both retailers have moderate capacity, equilibrium is achieved when an asymmetric return policy is followed rather than a symmetric return policy. Specifically, when the percentage of strategic consumers who keep their reserved products under the product return strategy is small and the capacity of the two retailers is moderate, the maximum benefit is achieved if one of the retailers adopts the policy of a full refund and the other adopts the policy of a full-and-freight refund. Otherwise, when one retailer adopts the policy of a full refund or a full-and-freight refund, its competitor should adopt the same strategy to gain maximum revenue. The research on retailers’ pre-sale and return strategies in this paper helps to optimize the operational strategies and operational processes of e-retailers, further improve the management and decision making of their joint pre-sale and return strategies, and help optimize retailers’ profits.
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1. Introduction


The rapid economic development of modern society has gradually led to many adverse consequences, such as the depletion of natural resources, increased environmental pollution, and the greenhouse effect, which poses a serious threat to the sustainable development of human society. In this context, a “low-carbon wave” has emerged globally. A low-carbon economy relies on science and technology, policies, and market mechanisms to achieve the best economic and social benefits with minimal resource consumption and environmental impact, leading to sustainable development goals of economic and social development and resource conservation and environmental protection. One of the most serious problems facing the e-commerce industry is returns, and according to Accenture e-Research, up to 95% of consumer returns involve non-defective goods. How to develop a reasonable return strategy and how to effectively manage and handle consumer returns have become key issues that e-commerce companies must urgently address. According to a study by the Chinese Consumers Association, the traditional ways in which enterprises handle consumer returns can generally be summarized as remanufacturing, scrapping, and donation. When products with qualified quality and less serious damage are returned, enterprises generally remanufacture or donate them according to the attributes of the products; when poor-quality products are returned, enterprises generally take scrapping measures to deal with them [1]. In this study, based on the requirements of sustainable economic development, products returned by consumers that do not have quality defects are considered without considering the cost of product processing, and the returned products can be resold directly or after simple processing. This will help to establish a low-carbon economy with higher resource utilization and more environmental protection, which is important for enterprises to adapt to future social development.



A low-carbon economy relies on science and technology, policies, and market mechanisms for optimal economic and social benefits with minimal resource consumption and environmental impact, thus achieving sustainable economic and social development, resource conservation, and environmental protection.



The advancement of the Internet has led to more complicated consumer behavior and more waste. Some consumers, for instance, tend to wait for a product’s price to drop before making a purchasing choice. To reduce consumers’ strategic waiting behavior, an increasing number of retailers are embracing the pre-sale approach. Accepting consumer orders before introducing a product allows retailers to not only acquire the sales amount in advance but also increase consumer desire. Pre-sales are frequently accompanied by a price reduction for consumers, who can not only purchase products at a lower price but also avoid the risk of the products going out of stock. When launching new products, online retailers are increasingly adopting pre-sale marketing models [2]. In the pre-sale stage, retailers encourage consumers to pre-order forthcoming new products and guarantee delivery within the standard sales stage. When new products are going to be released, numerous retailers on Taobao and JD.com adopt pre-sales for categories such as digital products, clothes, skincare products, and home appliances. Due to the lack of knowledge regarding pre-sale products, however, consumers face valuation uncertainty while reserving products, and retailers decrease consumers’ purchase risk by offering return policies for pre-sale products. The “insurance” mechanism implied by returns simultaneously minimizes consumer risk and raises their willingness to pay. Some retailers offer a full refund, but the consumer must pay the return freight fee. For instance, when purchasing a piece of clothing from ZARA on Taobao, the consumer can apply for a full refund within seven days of receiving the product but must pay the return freight fee. A survey revealed that 42% of return disputes involved the allocation of return freight costs [3]. Some retailers purchase freight insurance, which entails a full refund for consumers who pre-order products, and the freight costs incurred when the consumer returns an item are covered by the insurance company. One such company on the e-commerce platform is Unilever, which sells products of different brands. Freight insurance reduces negative consumer reviews, rights protection complaints, etc., but also raises the return rate and freight costs. The types of return policies competitive retailers offer as part of their pre-sale policy are important for sustainable development and should be studied.



Because sustainable development is critical, in this paper, we consider a situation where there are strategic consumers and returned products can be re-sold, accordingly construct a Bertrand competition model for two competing retailers with capacity constraints, and solve the equilibrium return strategy of their pre-sold products by the inverse recursive method. In our model, two retailers selling homogeneous products (1) decide on the basis of their capacity whether to set up a pre-sale stage, (2) decide the price of their normal sale stage, and (3) decide the pre-sale capacity, the pre-sale price, and the full-refund return policy or full-and-freight-refund return policy that they should offer for their pre-sale products.



In this paper, we focus on the following three aspects. (1) We analyze the buying behavior of strategic consumers in competitive markets. Most previous studies in the relevant literature have explored the purchasing behavior of consumers only in monopolistic markets, whereas few scholars have analyzed the purchasing utility of consumers in competitive markets when retailers adopt pre-sale strategies. We rationalize the model by taking consumer behavior as the main decision factor for retailers and formulating retailers’ selling strategies by analyzing consumer utility. (2) We explore the choice of return strategy in a retailer’s two-stage sales model in a competitive market where strategic consumers exist. On the basis of the impact of pre-sales on future demand and the proportion of supply in the pre-sales stage, we explore the impact of retailers’ return strategies and the impact of complex consumer behavior on retailers’ profits under different market conditions and different combinations of return strategies. (3) We focus on the impact of the re-salability of returned products in competitive markets on retailers’ pre-sale and return strategies. In addition, by constructing a Bertrand competition model for two retailers, we analyze the following three competitive scenarios: (1) both retailers offer a full refund, (2) both retailers offer a full-and-freight refund, and (3) both retailers offer a full refund and a full-and-freight refund.



According to the study, both retailers do not use the pre-sale stage when the retailer capacity is less than the demand of the non-strategic consumers. However, when the retailer capacity exceeds the demand of non-strategic consumers, the equilibrium results for both retailers are proportional to the percentage of strategic consumers who retain their purchases under the two return policies. In contrast, when the proportion of retention under full refunds and freight refunds is high, equilibrium between both retailers depends on their capacity. In particular, when the capacity of both retailers is low, when one retailer adopts a full-refund return strategy, the other retailer is able to achieve optimal returns by adopting the same return strategy. When the capacity of the two retailers is moderate, when one retailer adopts a full-refund return strategy, the other retailer adopts a full-and-freight-refund return strategy to achieve optimal revenue. When the capacity of the two retailers is high and one retailer adopts a full-and-freight-refund return strategy, then the other retailer adopts the same full-and-freight-refund return strategy to achieve the optimal revenue.



Literature related to this study is mainly separated into two categories: (1) e-commerce pre-sale policies based on sustainable development and (2) product return policies based on sustainable development.



We will begin by looking at the first category of relevant literature for this study. Theoretical scholars have focused on pre-sale policy as a significant means of coordinating operation and marketing. Prasad et al. [4] examined pre-sale pricing and product decision-making concerns when consumers’ product valuations are unclear. Xu et al. [5] studied the optimal one-time order model and second-order model for retailers under pre-sale and out-of-stock conditions. On the basis of consumer risk appetite, Zhao and Stecke [6] considered the two-stage pre-sale dilemma of monopolistic retailers. The above research has analyzed the predictive utility of pre-sale policies under monopoly mode for product proliferation or standard sales stages, and this paper focuses on the effect of competition on the formulation of retailers’ pre-sale policies and the strategic behavior of consumers in the pre-sale stage.



There are fewer studies on multi-retailer pre-sales. Cachon and Feldman [7] examined the impact of retailers’ competition on pre-sale policies. McCardle et al. [8] analyzed the utility of the pre-sale policy when there is a brand competition between two retailers and found that both retailers adopted a pre-sale policy simultaneously as a result of competition. In contrast to McCardle et al. [8], in this paper, we investigate retailers’ pre-sale problems to address the impact of the complicated behaviors of strategic consumers on retailers’ equilibrium and show that retailers tend to pre-sell more products when strategic consumers are involved.



Some studies have also been conducted on strategic consumers in the pre-sale stage. Dana [9] believes that strategic consumers’ demand for pre-sale products depends on pricing and capacity. Shugan and Xie [10] analyzed strategic consumer behavior when retailers have capacity limits during the pre-sale stage and proposed that booking might lower the risk of out-of-stock products for consumers and boost retailer revenues. Yu et al. [11] examined the effect of strategic consumer behavior during the pre-sale stage on retailers’ product pricing. Swinney [12] investigated whether consumers choose pre-sale or standard sales when strategic waiting is involved. Li and Zhang [13] focused on retailers’ pre-sale policies and related price assurance policies where there were strategic consumers and showed that retailers’ strategic choices depend on the relative size of heterogeneous consumer segments. Although the above literature examined the strategic behavior of consumers, it does not address how retailers might reduce the purchasing risks of consumers via a pre-sale policy. In light of the coping policies of actual retailers, this study examines the return policy of pre-sale products to reduce consumer purchase risk.



The second category of relevant literature for this study is research on consumer return behavior. Prior studies have suggested that consumer returns are subject to Poisson’s distribution of purchasing and inventory control policies [14,15] or that consumers’ return behavior depends on product quality [16,17]. As the quality of products has improved, however, many returns no longer involve the return of defective products but rather the return of products because of unclear product use techniques and product and expected differences resulting from the absence of quality issues. Nasery and Popescu [18] studied how retailers adopt pre-sale policies based on consumers’ regret, as well as quality-free return policies for retailers with limited capacity. Mao et al. [19] examined the complicated behavior of strategic consumers and the return of seasonal perishable products when retailers had overcapacity, whereas this study examines the return policy of pre-sold products under the condition of limited retailer capacity.



The majority of the literature on returns has focused on the return form. Chen et al. [20] considered the impact of consumer returns on the product decisions of several decentralized retailers. In their study of returns, Yang and Chang [3] incorporated freight insurance into the newsvendor model. Davis et al. [21] demonstrated that adopting a full-refund policy will boost a retailer’s bottom line when the salvage value of a returned products meets specific parameters. Su [22] examined the impact of some retailers’ refund policies on the supply chain performance in the context of market size and consumer valuation uncertainty. Zhai and Li [23] studied the return processing policies of online retailers. Yang and Ji [24] examined the effect of the return of unsold products, normal resale, and reduced-price resale on retailers’ return policies in the presence of strategic consumer behavior. When retailers have a limited capacity and returned products are available for normal resale, Chu et al. [25] considered the impact of partial refunds on consumer cancellations. On the assumption of a fixed return rate, Vlachos and Dekker [26] studied the storage problem of single-cycle single-product points for various types of returns, including the return of products without quality issues, and provided six solutions.



It is not difficult to conclude that the above research on refund policies mainly aims to investigate the highest suitable return policy for retailers and the associated pricing issues in a monopoly market. There is not much research on a duopoly market. Shulman et al. [27] used an analytical model of bilateral monopoly to investigate the effect of competition on equilibrium prices and benefits. Ferguson et al. [28] studied the supply chain coordination issue when products without quality issues are returned. In this paper, we consider the return of products because of quality-related problems and price differences between various retailers. In a study of the retailer’s pre-sale policy and the return of products without quality issues conducted under the assumption that consumer valuation and product demand are uncertain, Li et al. [29] found that the full-refund return policy and the non-provision return policy of pre-ordered products may result in an irrational distribution of product risk and that the partial-refund policy is the optimal return policy.



Guo [30] studied the pre-sale and return policies of service providers in the duopoly market, focusing on the effect of competition on retailers’ partial-refund policies. Gao discovered that when shifting from a local monopoly to a competitive mechanism, retailers’ interaction behavior may change. This paper, which is closely related to the study by Guo [30], focuses on the return of products that have no quality issues under the supposition of a duopoly and examines the equilibrium between retailers adopting competitive policies. The following are the main differences between the study by Guo [30] and this study: (1) Guo [30] studied service cancellation, whereas this study focuses on product returns. (2) Guo [30] examined the service provider’s zero-refund and partial-refund policies, whereas this paper examines the retailer’s full-refund and full-and-freight-refund policies. (3) According to Guo [30], two service providers in equilibrium adopt identical partial (zero)-refund policies. In this paper, the retailer’s equilibrium is connected to the fraction of strategic consumers who reserve pre-order products and the capacity. When the full-refund approach helps maintain a small number of strategic consumers under the pre-order product and the retailer’s capacity is modest, the retailer’s return policy is an asymmetric policy; otherwise, the equilibrium is symmetrical.



This paper provides an exhaustive overview of the state of research related to retailers’ pre-sales and returns and sorts out the issues of retailers’ pre-sale and return strategy choices. This paper further investigates the case of simultaneous pre-sales, returns, and strategic consumers.



On the basis of a review of the literature: (1) The current research on strategic consumer behavior, pre-sale strategy, and return strategy usually places them in a monopolistic setting, examining only one aspect or two aspects jointly, there being little literature that simultaneously incorporates all three aspects into a model framework and examines their effects on retailers’ strategic choices in a competitive market. (2) Of the literature that has examined both pre-sale strategy and return strategy together, more academic literature has examined retailers’ zero-return policy and partial-return policy, and many scholars’ findings suggest that the partial-return policy is optimal, which is inconsistent with the popular full-refund or full-and-freight-refund policy. Currently, seven-day no-excuse returns and shipping insurance returns are becoming an important trend in online retailing. We will discuss this trend in this paper. In contrast to studies on the problem of consumers returning goods after receiving them in a single sales stage, this paper focuses on the return behavior of consumers who purchase products before the products are released for pre-sale. (3) This paper discusses and models the purchase decisions of consumers and the profits of two retailers under different pre-sale return strategies, obtains the equilibrium revenue and equilibrium strategies of two retailers under different pre-sale return strategies, and finds the optimal pre-sale return strategies of two retailers through comparative analysis, which will supplement the gaps in the research related to retailers’ pre-sale and return, has important guiding significance for practical life, and provides an opportunity for competing retailers to develop optimal pre-sale return strategies in online sales. This will provide a theoretical reference for developing optimal sales strategies for competing retailers in online sales.




2. Materials and Methods


Let us assume that there are two online retailers selling the same products on the market and both adopt the pre-sale stage    t 1    and the standard sales stage    t 2   . There are two categories according to whether pre-sale consumers should be targeted: strategic pre-sale consumers (the scale is  α ), who can either reserve products at the pre-sale stage or wait until the standard sales stage to decide whether to buy, and non-strategic consumers (the scale is   1 − α  ), who do not take priority pre-sales and are identified as consumers who make purchases during the standard sales stages. A consumer who makes a purchase must wait until the standard sales stage before receiving the product.



Since the product has not been released at the pre-sale stage, the strategic consumer does not have or understand the complete product information. Therefore, this paper assumes that the valuation    v 1    of the product by the strategic consumer in the pre-sale stage is uncertain and evenly distributed on     0 , v    . However, non-strategic consumers in the standard sales stage can collect product information through retailers, online reviews, or other channels, which implies that the valuation    v 2    of the product by non-strategic consumers in the standard sales stage is certain and private. Non-strategic consumers place a higher value on products, i.e.,    v 2  >  v 2   . The retailer’s capacity is limited, which is   N <  M 2   . Each consumer may acquire no more than one unit of the product. Both retailers and consumers have the same information structure and are risk-neutral. The model parameters are listed in Table 1.



Suppose two online retailers consider two return policies in the pre-sale stage: the return policy of only providing a full refund (such as clothing products from ZARA on Taobao) or the return policy of purchasing freight insurance and full refund (such as the products of various brands from Unilever on e-commerce platforms). This paper analyzes a scenario in which there is no quality issue with the pre-sold product but the strategic consumer demands a return owing to a variation in the pre-ordered product’s valuation or a mismatch with personal preferences. Under different return policies, the fraction of consumers who reserve their pre-ordered products changes, and the retention rates    β 1    and    β 2    under the full-refund and the full-and-freight-refund policies are included, respectively. Products returned by strategic consumers are eligible for resale during the standard sales stage.



It is assumed that non-strategic consumers have a clear preference    f i    for retailers during the standard stage (similar to McGill and VanRyzin [31]). Thus, the two retailers in the standard stage are equal to local monopoly retailers, with half of the consumers choosing retailer   A    f A  = 1     firmly and the other half choosing retailer   B    f B  = 1     strategically. Valuation-determined non-strategic consumers will not apply for returns. Therefore, retailers only offer technical guidance, repair, maintenance, and other after-sales services for products in the standard sales stage. This paper uses the term    π i k    to represent the revenue of retailer i in the state  k ,   K = F R , F I , A R  , indicating that the two retailers offer a full refund simultaneously, the two retailers offer both full-and-freight refunds, one retailer offers a full refund, and the other offers a full-and-freight refund.



The order of decision-making in the game is as follows: (1) the two retailers develop their own return policies (offer a full refund only or offer a full-and-freight refund); (2) the two retailers develop their own pre-sale prices; (3) the two retailers develop their own standard sales prices; and (4) consumers make purchasing decisions.



2.1. Both Retailers Adopt a Full-Refund Policy Simultaneously


To reduce the uncertainty and purchasing risk of strategic consumers, both retailers simultaneously offer full refunds    r i  =  p  1 i     to strategic consumers who pre-order products. However, consumers who seek refunds are responsible for paying return freight fees  h . When retailers adopt a full-refund policy, a fraction    β 1    of consumers will reserve their pre-ordered products. Next, we will use reverse recursion to solve the competitive model of the two retailers.



2.1.1. Standard Sales Stage


Assuming that the total number of consumers in the market is  M  and the fraction of strategic consumers is  α , the number of strategic consumers is   α M   and the number of non-strategic consumers is     1 − α   M   in the market during the two sales stages. Each of the two retailers in the standard sales stage has its own distinct consumer. The quantity       1 − α   M  2    of each product easily available for non-strategic consumers to buy from retailer i during the standard sales stage is       1 − α   M  2   . The strategic consumer can purchase the product in two stages and orders    N i    number of hypothesized products from retailer i. The fraction of strategic consumers,   1 −  β 1   , who request returns at the standard sales stage due to discrepancies in product pricing is   1 −  β 1   . Therefore, the retailer can sell   N −  β 1   N i   , which is the standard capacity in the sales stage   N −  β 1   N i   .



The revenue function of retailer i during the standard sales stage is


   π     2 i     F R   =  p  2 i   min       1 − α   M  2  , N −  β 1   N i    −  p  1 i    N i    1 −  β 1     



(1)







In an optimal situation, the retailer should receive the entire consumer surplus. Hence, the optimal standard sales price for retailer i is    p     2 i    *  =  v 2   . The optimal revenue function of retailer i during the standard sales stage is


   π     2 i     F R *   =  v 2  min       1 − α   M  2  , N −  β 1   N i    −  p  1 i    N i    1 −  β 1     



(2)








2.1.2. Pre-Sale Stage


Since the strategic consumer who decides to wait will leave the market because the valuation of the standard sales stage product is higher than expected, which is    v 2  >  v 2   , the strategic consumer only purchases the product during the pre-sale stage and return is possible. When   N ≤     1 − α   M  2   , the retailer’s capacity is less. As a result, products are offered only during the standard sales stage. When the retailer’s capacity exceeds the demand of non-strategic consumers in the market, i.e.,   N >     1 − α   M  2   , in order to maximize revenues, retailers tend to pre-sell more products and resell products returned by strategic consumers to non-strategic consumers with high valuations at the standard sales stage. The following condition is satisfied at this time:


  N −  β 1   N i  =     1 − α   M  2   



(3)







Retailer i’s optimal capacity for the pre-sale stage is


   N i  F R *   = max     2 N −   1 − α   M   2  β 1    , 0   , i = A , B  



(4)







Retailer i’s revenue function in the pre-sale stage is


   π     1 i     F R   =  p  1 i    N i  F R *    



(5)







The optimal pre-sale price is    p     1 i    *  =  v 2    as retailer i should get the entire consumer surplus during the pre-sale stage. Retailer i’s optimal revenue function during the pre-sale stage is


   π     1 i      FR *    =  v 2   N i  F R *    



(6)







When   N ≤     1 − α + α  β 1    M  2   , the two retailers do not interact with one another. As the retailer’s production capacity is higher, the market will be totally covered by the time it reaches   N >     1 − α + α  β 1    M  2   . By reducing pre-sale pricing, both retailers compete for strategic consumers in the market.



Retailer i’s optimal revenue function during the pre-sale stage is


   π    i     FR *    =   v  β 1   2    α M −  N i  F R *      



(7)







The optimal revenue in both sales stages for retailer i is




    π i   FR *    =  π  1 i   F R *   +  π  2 i   F R *   =  v 2   N i  +  v 2  min       1 − α   M  2  , N −  β 1   N i    −  v 2   N i    1 −  β 1      



(8)





Principle 1.

When two retailers simultaneously adopt full refunds, their equilibrium revenues are equal and as follows (The proof process is shown in Appendix A):


    π A  F R *   =  π B  F R *   =     N  v 2  , if   N ≤     1 − α   M  2  ;       v   2 N −   1 − α   M    4  +     1 − α   M  v 2   2  , if       1 − α   M  2  < N ≤     1 − α + α  β 1    M  2  ;       v     1 − α + 2 α  β 1    M − 2 N    4  +     1 − α   M  v 2   2  , if       1 − α + α  β 1    M  2  < N <  M 2  ;       



(9)











2.2. Both Retailers Simultaneously Adopt the Full-and-Freight-Refund Strategy


When both retailers offer a full refund in the pre-sale stage, they provide return shipment insurance,  c , for strategic consumers. After a retailer receives a returned product, the insurance company will refund the consumer for the cost of freight. In this circumstance, retailer i’s return amount is    r i  =  p  1 i   + c  .



When both retailers offer a full-and-freight refund, the fraction of the consumers to reserve their pre-ordered products is    β 2   . This circumstance is similar to the Bertrand model because both retailers adopt identical return policies. In this case, both retailers must obtain freight insurance for the strategic consumer at the pre-sale stage, according to Equations (1) and (2). The optimal revenue function of retailer i in the standard sales stage is


   π     2 i     F I *   =  v 2  min       1 − α   M  2  , N −  β 2   N i    −   c α M  2  −  v 2   N i    1 −  β 2     



(10)







According to Equations (3) and (4), the optimal pre-sale capacity of the available retailer i is


   N i  F I *   = max     2 N −   1 − α   M   2  β 2    , 0   , i = A , B  



(11)







According to Equations (9) and (10), the optimal revenue function for the available retailer i is


   π i  F I *   =  π  1 i   F I *   +  π  2 i   F I *   =  v 2   N i  +  v 2  min       1 − α   M  2  , N −  β 2   N i    −   c α M  2  −  v 2   N i    1 −  β 2     



(12)







Principle 2.

When both retailers simultaneously adopt full-and-freight refunds, their equilibrium revenues are equal and are as follows (The proof process is shown in Appendix A):


    π A  F I *   =  π B  F I *   =     N  v 2  , if   N ≤     1 − α   M  2  ;       v   2 N −   1 − α   M    4  −   c α M  2  +     1 − α   M  v 2   2  , if       1 − α   M  2  < N ≤     1 − α + α  β 2    M  2  ;       v     1 − α + 2 α  β 2    M − 2 N    4  −   c α M  2  +     1 − α   M  v 2   2  , if       1 − α + α  β 2    M  2  < N <  M 2  ;       



(13)










2.3. The Two Retailers Adopt an Asymmetric Return Policy


Asymmetric competition occur when two retailers adopt distinct return policies. This paper assumes that retailer  A  adopts a full refund, i.e.,    r A  =  p  1 A    , and retailer  B  adopts a full-and-freight refund, i.e.,    r B  =  p  1 B   + h  . In this case, the strategic customers who have reserved the products of retailers  A  and  B  are    β 1    and    β 2   , respectively.



According to Equations (3), (4), and (9), the optimal pre-sale capacity of retailers  A  and  B  satisfies the following conditions:


   N A  A R *   = max     2 N −   1 − α   M   2  β 1    , 0   , i = A , B  



(14)






   N B  A R *   = max     2 N −   1 − α   M   2  β 2    , 0   , i = A , B  



(15)







When    N A  A R *   +  N B  A R *   ≤ α M  , i.e.,   N ≤   α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2   , the number    N A  A R *   +  N B  A R *     of strategic consumers who order products from the two retailers is smaller than the potential demand of strategic consumers in the market   α M  . Therefore, there is an acute shortage of strategic consumers. Similar to the two symmetric competitions, when the competition is asymmetric, the two retailers are equal to monopoly retailers in the pre-sale stage. Specifically, when    N A  A R *   +  N B  A R *   ≤ α M  , according to Equations (8) and (12), the revenue function of retailer  A  can be determined as follows:


   π A  A R *   =  π  1 A   A R   +  π  2 A   A R *   =  v 2   N A  +  v 2  min       1 − α   M  2  , N −  β 1   N A    −  v 2   N A    1 −  β 1     



(16)







According to Equations (11) and (13), when    N A  A R *   +  N B  A R *   ≤ α M  , retailer  B ’s revenue function is as follows:


   π B  A R *   =  π  1 B   A R *   +  π  2 B   A R *   =  v 2   N B  +  v 2  min       1 − α   M  2  , N −  β 2   N B    −   c α M  2  −  v 2   N B    1 −  β 2     



(17)







When    N A  A R *   +  N B  A R *   > α M  , i.e.,   N >   α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2   , the number    N A  A R *   +  N B  A R *     of strategic consumers who seek to pre-order products from the two retailers exceeds the market’s potential demand   α M   for strategic consumers and the two retailers compete for strategic consumers by lowering the pre-sale prices.



When    N A  A R *   +  N B  A R *   > α M  , the optimal revenue function of retailer  A  is


   π A  A R *   =  π  1 A   A R *   +  π  2 A   A R *   =  p B  ‴    N A  A R *   +  v 2  min       1 − α   M  2  , N −  β 1   N A    −  p B  ‴    N A  A R *     1 −  β 1     



(18)







When    N A  A R *   +  N B  A R *   > α M  , the optimal revenue function of retailer  B  is


   π B  A R *   =  π  1 B   A R *   +  π  2 B   A R *   =  v 2   N B  +  v 2  min       1 − α   M  2  , N −  β 2   N B    −   c α M  2  −  v 2   N B    1 −  β 2     



(19)







Principle 3.

When retailer   A  adopts a full-refund policy, its equilibrium revenues are as follows (The proof process is shown in Appendix A):


    π A  A R *   =     N  v 2  , if   N ≤     1 − α   M  2  ;       v   2 N −   1 − α   M    4  +     1 − α   M  v 2   2  , if       1 − α   M  2  < N ≤   α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2  ;       v     1 − α + 2 α  β 2    M − 2 N     4  β 2    +   c α M   2  β 1    +     1 − α   M  v 2   2  , if     α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2  < N <  M 2  ;       



(20)







When retailer   B  adopts a full-and-freight-refund policy, its equilibrium revenues are as follows (The proof process is shown in Appendix A):





    π B  A R *   =     N  v 2  , if   N ≤     1 − α   M  2  ;       v   2 N −   1 − α   M    4  −   c α M  2  +     1 − α   M  v 2   2  , if       1 − α   M  2  < N ≤   α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2  ;       v  β 2      1 − α + 2 α  β 1    M − 2 N     4  β 1    −   c α M  2  +     1 − α   M  v 2   2  , if     α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2  < N <  M 2  ;       



(21)











3. Analysis and Result


Theorem 1.

When   N ≤     1 − α   M  2    , retailer i does not adopt a pre-sale policy. When   N >     1 − α   M  2    , retailer i adopts a pre-sale policy and offers a return policy to strategic consumers.





As demonstrated by Theorem 1, the retailer adopts a pre-sale policy depending on its capacity  N . When   N ≤     1 − α   M  2   , the retailer’s capacity falls short of the market’s non-strategic consumer demand. The two retailers have not yet developed a pre-sale stage. Non-strategic consumers in the standard sales stage place a higher value on the product, and retailers emphasize the demands of non-strategic consumers. Therefore, they only sell products during the standard sales stage. When   N >     1 − α   M  2   , the production capacity of the two retailers is higher than the demand of non-strategic consumers but still falls short of meeting all purchase needs. In this case, the retailer gives priority to satisfying the premise of high-valuation consumers in the standard sales stage, adopts a pre-sale policy, and offers return policies to strategic consumers. Because returned products can be resold during the standard sales stage, retailers typically resell products returned by strategic consumers to non-strategic consumers at a high price in order to maximize revenues.



Theorem 2.

When the market is fully covered, competition between two retailers results in one retailer reducing the pre-sale price to increase bookings, whereas the other retailer, i.e., the competitor, raising the pre-sale price to match the remaining market demand.





When the retailer’s capacity  N  is sufficient, the entire market is covered. The number of strategic consumers    N A *  +  N B *    who want to pre-order products from the two retailers surpasses the market’s potential demand for strategic consumers   α M  . To compete for strategic consumers, the two retailers typically offer discounted pre-sale prices. Since    N A *  < α M   and    N B *  < α M  , the capacity of a single retailer to pre-sell is smaller than the needs of strategic consumers in the market; therefore, reducing the pre-sale price will not satisfy all strategic consumers in the market, regardless of the amount by which the price is reduced. At this time, its competitors can set a higher pre-sale price and generate revenues. In particular, when retailer  A  prefers to reduce pre-sale price and increase bookings, strategic consumer demand falls to    N A *    and retailer  B , i.e., the competitor, fulfills the remaining strategic consumer demand   α M −  N A *    with higher pre-sale prices. In contrast, the supply by retailers  A  and  B , respectively, is   α M −  N B *    and    N B *   . Eventually, competition between the two retailers causes one retailer to meet more demand at a lower pre-sale price, whereas the other retailer satisfies the remaining demand at a higher pre-sale price. Moreover, the revenue of both retailers is identical.



In further analysis, when   N >   ( 1 − α ) M  2    in the equilibrium of competition between the two retailers through the income matrix of the two retailers under different competitive conditions (see Table 2), this leads to the following conclusions:



Theorem 3.

When   N >   ( 1 − α ) M  2    , the equilibrium result of the game between the two retailers satisfies the following conditions:




	i. 

	
When     β 1  ≥  β 2    , equilibrium is reached in the game between the two retailers at (full refund, full refund).




	ii. 

	
When   β 1  <  β 2   , (a) when     ( 1 − α ) M  2  ≤ N <  N ′   , equilibrium is reached in the game between the two retailers at (full refund, full refund); (b) when    N ′  ≤ N <  N 3   , equilibrium is reached in the game between the two retailers at (full-and-freight refund, full refund) and (full refund, full-and-freight refund); (c) when    N 3  ≤ N <  M 2   , equilibrium is reached in the game between the two retailers at (full-and-freight refund, full-and-freight refund).











Proof of Theorem 3.

When    N 1  =     1 − α + α  β 1    M  2   , both retailers simultaneously offer a full refund and the market is fully covered. When    N 2  =     1 − α + α  β 2    M  2   , both retailers simultaneously offer a full-and-freight refund and the market is fully covered. When    N 3  =   α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2   , the two retailers offer an asymmetric refund and the market is fully covered.




	(1)

	
When    β 1  =  β 2   , then





    v     1 − α + 2 α  β 1    M − 2 N    4  +     1 − α   M  v 2   2  >   v     1 − α + 2 α  β 2    M − 2 N    4  −   c α M  2  +     1 − α   M  v 2   2   



(22)








	(2)

	
When    β 1  >  β 2   , then





    v   2 N −   1 − α   M    4  +     1 − α   M  v 2   2  >   v   2 N −   1 − α   M    4  −   c α M  2  +     1 − α   M  v 2   2  >   v     1 − α + 2 α  β 2    M − 2 N    4  −   c α M  2  +     1 − α   M  v 2   2   



(23)









    v   2 N −   1 − α   M    4  +     1 − α   M  v 2   2  >   v  β 2      1 − α + 2 α  β 1    M − 2 N     4  β 1    −   c α M  2  +     1 − α   M  v 2   2  >   v     1 − α + 2 α  β 2    M − 2 N    4  −   c α M  2  +     1 − α   M  v 2   2   



(24)








	(3)

	
When    β 1  <  β 2   , then





    v     1 − α + 2 α  β 1    M − 2 N    4  +     1 − α   M  v 2   2  =   v   2 N −   1 − α   M    4  −   c α M  2  +     1 − α   M  v 2   2   



(25)









    v   2 N −   1 − α   M    4  −   c α M  2  +     1 − α   M  v 2   2  >   v     1 − α + 2 α  β 2    M − 2 N     4  β 2    +   c α M   2  β 1    +     1 − α   M  v 2   2  >   v     1 − α + 2 α  β 1    M − 2 N    4  +     1 − α   M  v 2   2   



(26)









    v     1 − α + 2 α  β 2    M − 2 N    4  −   c α M  2  +     1 − α   M  v 2   2  >   v  β 2      1 − α + 2 α  β 1    M − 2 N     4  β 1    −   c α M  2  +     1 − α   M  v 2   2  >   v     1 − α + 2 α  β 1    M − 2 N    4  +     1 − α   M  v 2   2   



(27)













□





The equilibrium result of the game between the two retailers is affected by the fraction of consumers    β 1    and    β 2    and the capacity  N  of the two sets of consumers to reserve their pre-ordered products under the two return policies, according to Theorem 3. As a visual representation of this effect, we present Figure 1, which illustrates the retention ratio under the two return policies at    β 1   = 0   . 5    and how retailer capacity affects their equilibrium results.



As can be seen in Figure 1, when    β 1  ≥  β 2   , the retention ratio under the full-refund policy is higher, and at    β 1  ≥  β 2   , equilibrium occurs in the game when both retailers simultaneously have a return policy that provides full refunds. This indicates that when strategic consumers are uncertain about the valuation of pre-ordered products and full-and-freight-refund policies induce more returns, two competitive retailers tend to simultaneously adopt return policies that provide full refunds.



When    β 1  <  β 2   , equilibrium in the game between the two retailers depends on their capacity  N . Specifically, at     ( 1 − α ) M  2  ≤ N <  N ′   , the two retailers have less capacity and equilibrium occurs in the game when both retailers simultaneously adopt a return policy that provides a full refund. In reality, when retailers have less capacity, even if better service is conducive to reducing consumer returns, two competitive retailers that provide full-refund policies for strategic consumers are still conducive to obtaining optimal revenue. When the capacity of the two retailers is moderate, at    N ′  ≤ N <  N 3   , equilibrium in the game occurs when both adopt an asymmetrical-refund policy. Correspondingly, if the retailer’s production capacity is moderate and the provision of a full-and-freight refund is conducive to persuading strategic consumers to reserve their pre-orders, offering different refund policies is the optimal method for both retailers. When    N 3  ≤ N <  M 2   , the two retailers have a higher capacity and equilibrium occurs in the game when both retailers offer a full-and-freight refund. Providing a full-and-freight refund for strategic consumers will not only reduce the return behavior but also assist retailers in obtaining greater revenue.



On the basis of the revenue function of the two retailers, the following can be concluded regarding the relationship between the revenues of the two retailers in different competitive states and their production capacity  N  and the fraction of strategic consumers    β 1    and    β 2    who reserve pre-ordered products under the two refund policies when the market is totally covered:



Theorem 4.

When  N  is sufficiently high and the market is totally covered, the competition between the two retailers will negatively affect their revenues.





As capacity  N  increases, Theorem 4 demonstrates that competition between the two retailers selling identical products intensifies and the two retailers continue to cut their pre-sale prices in order to compete for consumers. In addition, when the market is fully covered, competition among retailers has a negative impact on their revenues, as seen in Figure 1. This is because, when the retailer’s capacity is sufficient, competition induces the retailer to pre-sell more products, which intensifies price competition during the pre-sale stage. Considering the pre-sale return behavior of the strategic consumer, the retailer sets a lower pre-sale price in order to increase bookings or sets a higher pre-sale price to satisfy the remaining consumers in the market, which results in a decline in revenue as production capacity increases.



Theorem 5.

When the market is completely covered, the following conditions apply to the revenues of the two retailers:




	i. 

	
When  N >  N 1   , i.e.,    d  π i  F R *     d  β 1    =   α v M  2  > 0  , the two retailers simultaneously adopt a full-refund policy and their revenues rise with   β 1   .




	ii. 

	
When  N >  N 1   , i.e. ,    d  π i  F R *     d  β 1    =   α v M  2  > 0  , the two retailers simultaneously adopt a full-and-freight-refund policy and their revenues rise with   β 2   .




	iii. 

	
When  N >  N 3   , the two retailers adopt an asymmetric return policy. When    d  π A  A R *     d  β 1    = −   α c M   2  β 1 2    < 0  and    d  π A  A R *     d  β 2    =   v [ 2 N − ( 1 − α + 2 α  β 2  ) M ]   4  β 2 2    +   α v M   2  β 2    > 0  , the revenue of the retailers adopting the full-refund policy decreases with   β 1   and increases with   β 2   . When    d  π B  A R *     d  β 1    =   v  β 2  [ 2 N − ( 1 − α + 2 α  β 1  ) M ]   4  β 1 2    +    β 2  α v M   2  β 1    > 0  and    d  π B  A R *     d  β 2    =   v     1 − α + 2 α  β 1    M − 2 N     4  β 1    > 0  , the revenue of the retailer adopting the full-and-freight-refund policy increases with   β 1   and   β 2   .











Proof of Theorem 5.

The condition of first order for solving  N  for Equation (9) is:





     d  π i  F R *     d N   =      v 2  > 0 , if   N ≤     1 − α   M  2  ;      v 2  > 0 , if       1 − α   M  2  < N ≤     1 − α + α  β 1    M  2  ;     −  v 2  < 0 , if       1 − α + α  β 1    M  2  < N <  M 2  ;       



(28)







The condition of first order for solving  N  for Equation (13) is:





     d  π i  F I *     d N   =      v 2  > 0 , if   N ≤     1 − α   M  2  ;      v 2  > 0 , if       1 − α   M  2  < N ≤     1 − α + α  β 2    M  2  ;     −  v 2  < 0 , if       1 − α + α  β 2    M  2  < N <  M 2  ;       



(29)







The condition of first order for solving  N  for Equations (20) and (21) is:





     d  π A  A R *     d N   =      v 2  > 0 , if   N ≤     1 − α   M  2  ;      v 2  > 0 , if       1 − α   M  2  < N ≤   α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2  ;     −  v  2  β 2    < 0 , if     α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2  < N <  M 2  ;       



(30)









     d  π B  A R *     d N   =      v 2  > 0 , if   N ≤     1 − α   M  2  ;      v 2  > 0 , if       1 − α   M  2  < N ≤   α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2  ;     −   v  β 2    2  β 1    < 0 , if     α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2  < N <  M 2  ;       



(31)







□





According to Theorem 5, when the market is fully covered, the revenues of the two retailers are proportional to the fraction of strategic consumers who have pre-ordered the product. As shown by the revenue function of the retailer, the revenues of the two retailers with the same return policy are only related to the retention ratio    β 1    or    β 2   . When the two retailers simultaneously adopt a full-refund policy or a full-and-freight-refund policy, the retention ratios    β 1    and    β 2    under that the refund policy are positively correlated with the retailer’s optimal pre-sale capacity, so the retailer’s revenue rises with    β 1    or    β 2   . When retailers adopt distinct return policies, their revenues are impacted by both retention ratios    β 1    and    β 2   . Specifically, the revenue of the retailer offering a full refund decreases with    β 1    and increases with    β 2   . This is because an increase in    β 1    leads to a decrease in the retailer’s optimal pre-sale capacity during the pre-sale stage whereas    β 2    is positively correlated with the retailer’s pre-sale price. Revenues for retailers that offer full-and-freight refunds increase with    β 1    and    β 2    because the consumer demand from retailers increases as    β 1    and    β 2    are strongly connected with the fraction of strategic consumers where retailers offer full-and-freight refunds to retain their pre-ordered products. Therefore, the retailer’s revenue increases with    β 1    and    β 2   .




4. Extensions


The fundamental model of this paper assumes that the needs of non-strategic consumers are fully negatively associated with retailer i’s match. In other words, if the product of retailer  A  fits consumer needs, then retailer  B  cannot be compliant, and vice versa. In this section, this assumption is loosened to accommodate for scenarios in which non-strategic consumer preferences are uncertain.



   f i  ∈   0 , 1     is evenly distributed among retailers, where   p r    f i  = 1   = θ   and   p r    f i  = 0   = 1 − θ  . Thus, there are four consumer segments with a consumption utility of      u  2 A   ,  u  2 B     ∈     V , V   ,   V , 0   ,   0 , V   ,   0 , 0       during the standard sales stage. When retailer i adopts a full-and-freight-refund policy, it has to meet the optimal pre-sale capacity    N i *  =   2 N − θ   2 − θ   ( 1 − α ) M   2  β 2     ; when retailer i adopts a full-refund policy, it has to meet the optimal pre-sale capacity    N i *  =   2 N − θ   2 − θ   ( 1 − α ) M   2  β 1     . As may be seen,     2 N − θ   2 − θ   ( 1 − α ) M   2  β i    ≥   2 N − ( 1 − α ) M   2  β i     . (The proof process is shown in Appendix A).



Analyzing the revenue functions of the two retailers at this time reveals that when non-strategic consumer preferences are uncertain, retailers tend to pre-sell more products, which leads to a rise in pre-sale revenues and a fall in standard sales revenues. Similarly, the relationship between the revenues of the two retailers under different competitive conditions and their production capacity  N  and the fraction of consumers    β 1    and    β 2    of their pre-order retention policies under the two return policies is consistent with the conclusions of Theorems 4 and 5. When    β 1  ≥  β 2   , the revenues of both retailers are simultaneously subject to a full-refund policy. When    β 1  <  β 2   , with the increase in retailer capacity  N , equilibrium is achieved when the two retailers simultaneously adopt a return policy of full refund, an asymmetric-return policy, and a return policy of full-and-freight refund, in accordance with the result of Theorem 3.




5. Conclusions


On the one hand, technological advances have given rise to complex behaviors of strategic consumers, exacerbating the risk of supply–demand mismatches that are detrimental to sustainable economic development, while harming the interests of retailers. On the other hand, the selection of an appropriate pre-sale return policy, as well as the appropriate handling of returned products, is crucial for retailers, not only to help them achieve optimal returns, but also as an important reflection of their active social responsibility to promote sustainable development. Therefore, this study aimed to examine the competitive return offers on pre-sale products by duopoly retailers in the absence of returns based on quality issues; analyze three competitive states of duopoly retailers under pre-sale policies, namely, (1) duopoly retailers both following the full-refund policy, (2) duopoly retailers both using the full-and-freight-refund strategies, and (3) one retailer giving full refunds and the other retailer using the full-and-freight-refund policy; and analyze the duopoly retailer’s equilibrium strategy.



In this study, two retailers adopted a pre-sale policy and offered a return policy only when their capacity was higher than the demand of non-strategic consumers. The competition between the two retailers rose with the increase in capacity. When capacity was sufficient and the market was fully covered, both retailers tended to lower their pre-sale prices to compete on behalf of consumers. Eventually, one retailer chose to lower the pre-sale price to increase bookings, at which point, the other retailer could maximize revenue only by setting a higher pre-sale price to meet the remaining market demand.



By comparing the revenue functions of the two retailers, this study concludes that both the proportion of strategic consumers who book pre-order products and the retailers’ capabilities affect their equilibrium revenue and equilibrium strategies. Equilibrium revenue is such that the revenue of two retailers with the same return policy increases with their retention rate, but the revenue of two retailers with different return policies is influenced by the intersection of their retention rates. When the percentage of strategic consumers who retain pre-order products under a full-refund policy is minimal and the retailer has moderate capacity, its equilibrium refund policy is asymmetric; otherwise, it is symmetric. When the proportion of strategic consumers retaining pre-order products under full refund is the smallest, and if one retailer adopts a full-refund approach, the other retailer should adopt the full-and-freight-refund approach to achieve the optimal benefit. Otherwise, it should adopt the same return policy as its competitor to achieve the optimal benefit. Overall, in this paper, for retailers whose products are sold in two sales phases, on the basis of the competitive market environment, we have designed a reasonable return scheme based on the choice of pre-sale and return policies, combined with a diversified real-world environment, to provide practical guidance for the development of enterprises that is conducive to improving the efficiency of matching supply and demand and is of great significance to the development of the e-commerce industry.



In addition to the limitations arising from the complexity of the actual situation, based on the requirements of sustainable economic development, this study can be expanded in the following ways: (1) This study does not discuss the logistics and distribution problems in the pre-sale and return model. However, the massive resource waste and environmental pollution problems in logistics distribution cannot be ignored. Therefore, the pre-sale inventory allocation problem and the path optimization problem based on pre-sale order information in retail e-commerce platforms can be a direction for future research. (2) The problem of uncertainty in both sales stages is a future research direction. In this paper, we assume that consumers face uncertainty in product valuation during the pre-sale phase, and in the normal sales phase, all uncertainty disappears completely. However, in future research, it can be assumed that uncertainty exists simultaneously in both periods and that the risk of uncertainty decreases over time. This situation would lead to more complex consumer behavior and more wasted resources. (3) Empirical research on consumer returns under the pre-sale policy is also an important direction for future research, and real data will help solve the waste problem caused by the mismatch between supply and demand.
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Appendix A


Proof of Principle 1.

When   N ≤     1 − α   M  2   ,    π A  F R *   =  π B  F R *   = N  v 2   ; when   N >     1 − α   M  2    and   2  N i  ≤ α M  ,   N −  β 1   N i  =     1 − α   M  2    are satisfied at this point, then,    π A  F R *   =  π B  F R *   =   v   2 N −   1 − α   M    4  +     1 − α   M  v 2   2   ; when   2  N i  > α M  , i.e.,   N >     1 − α + α  β 1    M  2   , then,   α M −  N i  F R *   =     1 − α + α  β 1    M − 2 N   2  β 1     .



When condition      p i ′   β 1    2 N −   1 − α   M    2  +     1 − α   M  v 2   2  =   v     1 − α + 2 α  β 1    M − 2 N    4  +     1 − α   M  v 2   2    is satisfied, equilibrium is reached between the two retailers and both retailers receive the same revenues. □





Proof of Principle 3.

Because    N A  A R *   +  N B  A R *   > α M  , the market is fully covered and both retailers compete for consumers by reducing the pre-sale price. When the pre-sale price of retailer  A  is higher than that of retailer  B , assuming that retailer  B  sets a lower pre-sale price, of    p B  ‴    , the obtained strategic consumer demand is the optimal pre-sale capacity of its pre-sale stage    N B  A R *     and the competitor retailer  A  sets a higher price in the pre-sale stage    v 2   , obtaining the full consumer surplus and the strategic consumer demand for its competitors’ surplus:





   α M −  N B  A R *   =     1 − α + α  β 2    M − 2 N   2  β 2      



(A1)







When    β 2   p B  ‴    N B  A R ′ *   −   c α M  2  =   v  β 1    α M −  N B  A R *      2   , the two retailers have the same revenue and reach equilibrium.



Then,





    p B  ‴   =   v  β 1    α M −  N B  A R *       2  β 2   N B  A R *     +   c α M   2  β 2   N B  A R *     =   v  β 1      1 − α + α  β 2    M − 2 N   + 2  β 2  c α M   2  β 2    2 N −   1 − α   M       



(A2)







When retailer  B ’s pre-sale price is higher than that of retailer  A , retailer  B  will be given the order.



When    β 1   p A  ‴    N A  A R *   =   v  β 2    α M −  N A  A R *      2  −   c α M  2   , the two retailers have the same revenue and reach equilibrium.



Then,





    p A  ‴   =   v  β 2    α M −  N A  A R *     - c α M   2  β 2   N A  A R *     =   v  β 2      1 − α + α  β 2    M − 2 N   − 2  β 1  c α M   2  β 1    2 N −   1 − α   M       



(A3)









    π A  A R *   =  p B  ‴    N A  A R *   =   v     1 − α + α  β 2    M − 2 N     4  β 2    +   c α M   2  β 1      



(A4)









    π B  A R *   =   v  β 2    α M −  N A  A R *      2  −   c α M  2  =   v  β 2      1 − α + 2 α  β 1    M − 2 N     4  β 1    −   c α M  2    



(A5)







□





Proof of Extensions.

When both retailers simultaneously offer full refunds, the consumer demands from both retailers throughout the standard sales stage are represented by    N A *  =  N B *  =   2 N − θ   2 − θ   ( 1 − α ) M   2  β 1     .



When both retailers offer full-and-freight refunds, the demands from both retailers throughout the standard sales stage are represented by    N A *  =  N B *  =   2 N − θ   2 − θ   ( 1 − α ) M   2  β 2     .



When the two retailers simultaneously adopt a full-refund policy, their equilibrium revenues are equal and as follows:





    π A  F R *   =  π B  F R *   =     N  v 2  , if   N ≤   θ   2 − θ     1 − α   M  2  ;       v   2 N − θ   2 − θ     1 − α   M    4  +   θ   2 − θ     1 − α   M  2  , if     θ   2 − θ     1 − α   M  2  < N ≤   θ   2 − θ     1 − α   M − α  β 1  M  2  ;       v   θ   2 − θ     1 − α   M + 2 α  β 1  M − 2 N    4  −   c α M  2  +   θ   2 − θ     1 − α   M  2  , if     θ   2 − θ     1 − α   M − α  β 1  M  2  < N <  M 2  ;       



(A6)







When both retailers adopt a full-and-freight-refund policy, their equilibrium revenues are equal and are as follows:





    π A  F I *   =  π B  F I *   =     N  v 2  , if   N ≤   θ   2 − θ     1 − α   M  2  ;       v   2 N − θ   2 − θ     1 − α   M    4  −   c α M  2  +   θ   2 − θ     1 − α   M  2  , if     θ   2 − θ     1 − α   M  2  < N ≤   θ   2 − θ     1 − α   M − α  β 2  M  2  ;       v   θ   2 − θ     1 − α   M + 2 α  β 2  M − 2 N    4  −   c α M  2  +   θ   2 − θ     1 − α   M  2  , if     θ   2 − θ     1 − α   M − α  β 2  M  2  < N <  M 2  ;       



(A7)







When retailer  A  adopts a full-refund policy, its equilibrium revenue is as follows:





    π A  A R *   =     N  v 2  , if   N ≤   θ   2 − θ     1 − α   M  2  ;       v   2 N − θ   2 − θ     1 − α   M    4  +   θ   2 − θ     1 − α   M  2  , if     θ   2 − θ     1 − α   M  2  < N ≤   α M  β 1   β 2     β 1  +  β 2    +   θ   2 − θ     1 − α   M  2  ;       v   θ   2 − θ     1 − α   M + 2 α  β 2  M − 2 N     4  β 2    +   c α M   2  β 1    +   θ   2 − θ     1 − α   M  2  , if     α M  β 1   β 2     β 1  +  β 2    +   θ   2 − θ     1 − α   M  2  < N <  M 2  ;       



(A8)







When retailer  B  adopts a full-and-freight-refund policy, its revenue is as follows:





    π B  A R *   =     N  v 2  , if   N ≤   θ   2 − θ     1 − α   M  2  ;       v   2 N − θ   2 − θ     1 − α   M    4  −   c α M  2  +   θ   2 − θ     1 − α   M  2  , if     θ   2 − θ     1 − α   M  2  < N ≤   α M  β 1   β 2     β 1  +  β 2    +   θ   2 − θ     1 − α   M  2  ;       v  β 2    θ   2 − θ     1 − α   M + 2 α  β 1  M − 2 N     4  β 1    −   c α M  2  +     1 − α   M  v 2   2  , if     α M  β 1   β 2     β 1  +  β 2    +     1 − α   M  2  < N <  M 2  ;       



(A9)







□
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Figure 1. Equilibrium refund policies for the two retailers. 
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Table 1. Parameters and variables.






Table 1. Parameters and variables.





	Parameter
	Description





	    t 1    
	Pre-sale stage



	    t 2    
	Standard sales stage



	    p  1 i     
	The product’s price at the pre-sale stage,   i = A , B  



	    p  2 i     
	The product’s price at the standard sales stage,   i = A , B  



	  M  
	Total number of consumers in the market



	  N  
	Capacity per retailer



	    N i    
	The number of strategic consumers who order products from retailer i,   i = A , B ,  N i  < min   N , α M    



	  α  
	The fraction of strategic consumers in the market



	   1 − α   
	The fraction of non-strategic consumers in the market



	    f i    
	The degree to which consumer demand matches that of retailer i,  i = A , B ,  f i  ∈   0 , 1    



	    v t    
	Consumer valuation of the product during the stage  t ,   t = 1 , 2  



	    r i    
	The amount of the refund when retailer i offers a return policy,   i = A , B ,  r i  ≥ 0  



	  h  
	The cost of freight for consumer returns



	  c  
	The cost of insurance per unit of pre-sale products



	    π i k    
	Retailer i’s revenue in the state  k ,   i = A , B ; K = F R , F I , A R  



	    β 1    
	The fraction of strategic consumers who reserve their pre-ordered purchases despite the availability of a full refund



	    β 2    
	The fraction of strategic consumers who reserve their pre-ordered purchases despite the availability of a full-and-freight refund,   0 <  β 2  < 1  
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Table 2. Revenue matrix of the two retailers.






Table 2. Revenue matrix of the two retailers.





	

	
   Retailer   B   




	
Full Refund

	
Full-and-Freight Refund






	
Retailer  A 

	
Full refund

	
    v 2   N i  +  v 2  min       1 − α   M  2  , N −  β 1   N i    −  v 2   N i    1 −  β 1          v 2   N i  +  v 2  min       1 − α   M  2  , N −  β 1   N i    −  v 2   N i    1 −  β 1      

	
    p A  ‴’    N A  +  v 2  min       1 − α   M  2  , N −  β 1   N A    −  p A  ‴    N A    1 −  β 1          v 2   N B  +  v 2  min       1 − α   M  2  , N −  β 2   N B    −   c α M  2  −  v 2   N B    1 −  β 2      




	
Full-and-freight refund

	
    v 2   N B  +  v 2  min       1 − α   M  2  , N −  β 2   N B    −   c α M  2  −  v 2   N B    1 −  β 2          p A  ‴    N A  +  v 2  min       1 − α   M  2  , N −  β 1   N A    −  p A  ‴    N A    1 −  β 1      

	
    v 2   N i  +  v 2  min       1 − α   M  2  , N −  β 2   N i    −   c α M  2  −  v 2   N i    1 −  β 2          v 2   N i  +  v 2  min       1 − α   M  2  , N −  β 2   N i    −   c α M  2  −  v 2   N i    1 −  β 2      
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