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Abstract

:

Online retail platforms such as Amazon and Tmall have the ability to create personalized recommendations based on the consumer’s browsing history, purchase history, and preferences by investing in data analytics capability. In practice, manufacturers may encroach on the retail market through the agency channel that sells products directly to online consumers in addition to wholesale products to retail platforms through the reselling channel. In this study, we develop a game-theoretic model to study the interplay between the manufacturer’s encroachment and the online retail platform’s data analytics capability investment. Our outcomes reveal that the conditions for the manufacturer to encroach become more lenient if the platform invests in data analytics capability, and we show that the investment in data analytics capability can lead to a Pareto improvement and the manufacturer can free ride on the platform’s investment. Moreover, we found that the manufacturer’s encroachment always creates more incentives for the platform to enhance the investment level in data analytics capability. Our research in this study provides useful insights for managers to make encroachment decisions and data analytics capability investment decisions with the manufacturer who sells through the online retail platform.
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1. Introduction


1.1. Motivation and Research Background


Over the past decade, global online retailing has boomed at an average rate of 20% per year. According to Statista, the global e-commerce market reached about USD 5.7 trillion and accounted for 19.7% of global retail sales in 2022, with the expectation of USD 8.1 trillion and 24.0% by 2026 (https://www.statista.com/topics/871/online-shopping/#topicOverview, accessed on 1 December 2023). In China, according to the National Bureau of Statistics, the total retail sales of social consumer goods were CNY 43,973.3 billion in 2022 (http://www.stats.gov.cn/english/PressRelease/202301/t20230118_1892301.html, accessed on 6 December 2023). The growing online shopping population helps to maintain the momentum of online retailing. In the United States, retail e-commerce sales are projected to grow at a fast pace in the coming years, going from roughly USD 875 billion in 2022 to over USD 1.3 trillion in 2025 (https://www.statista.com/topics/2443/us-ecommerce/#topicOverview, accessed on 10 December 2023). In 2022, over 2.3 billion people were expected to buy goods and services online, up from 1.66 billion global digital buyers in 2016 (https://www.hostinger.com/tutorials/ecommerce-statistics, accessed on 11 December 2023). The high market demand online has attracted many manufacturers to distribute their products through online retail platforms such as Amazon, JD, Apple, Suning, and Walmart. With the rapid development of new-generation information technology such as big data, cloud computing, and artificial intelligence, online retail platforms have the ability to track and collect consumer transaction and behavior data by investing in data analytics capability. E-commerce platforms can use data analytics to have a better understanding of customers’ preferences and behavior, and make customized recommendations based on the consumer’s browsing history and purchasing history. For example, JD.com has conducted a series of advertising programs for Dyson based on data and realized precision marketing (https://www.sohu.com/a/337065441_641859, accessed on 1 January 2024). Amazon’s “Selling Coach” allows merchants to grow their sales profitably on Amazon.com by tracking key metrics such as sales, traffic, and conversions (https://www.sellerapp.com/amazon-selling-coach.html, accessed on 6 January 2024). In the e-commerce context, inaccurate predictive analytics can lead to underestimating customer value (https://www2.deloitte.com/content/dam/insights/us/articles/3924_Predictably-inaccurate/DUP_Predictably-inaccurate-reprint.pdf, accessed on 15 January 2024). Online retail platforms are well-positioned to collect abundant sales and consumer data and can target the marketing points that best incentivize consumers’ purchase willingness to achieve precise recommendations, and thus increase consumer utility [1,2]. Some experts claim that the revolution is only at its beginning, and the near future will witness most of each company’s data-driven decision making.



In a new era of data analytics capability that largely improves business decisions and even changes the way firms make decisions, the choice of selling format is still one of the most important decisions in the supply chain based on the Internet platform. In practice, some manufacturers choose to encroach on the retail market through the agency channel that sells products directly to online consumers in addition to the reselling channel that wholesale products to the retail platform. Encroachment is a common way for manufacturers to increase sales opportunities, broaden consumer reach, diversity risk, and give them access to more business tools (https://www.webretailer.com/b/hybrid-approach-seller-vendor-central, accessed on 2 January 2024). Although an online retail platform offers an agency channel, some manufacturers sell their products only through the reselling channel, while others adopt both the reselling channel and the agency channel to sell their products. For example, Huawei, and Microsoft resell their products to end users only through JD’s reselling channel, while Haier and OPPO distribute their products through JD’s both reselling channel and agency channel. Similarly, for Amazon, Bose sells products through both the reselling channel and the agency channel, whereas Apple sells products only through the reselling channel. In the existing literature that examines the channel structure of the platform supply chain in the context of data analytics, it usually assumes that the manufacturer sells through either the platform’s agency or reselling channel, but not both. In practice, when the manufacturer distributes through an online retail platform, the product assortments in the reselling channel and the agency channel may not be identical. This can be due to several factors, such as inventory availability, pricing strategies, and distribution agreements. There is no comprehensive study on the incentive for the online retail platform to invest in data analytics capability with the manufacturer who distributes the product through only the reselling channel or both the agency channel and the reselling channel of the platform. It is important to conduct analytical studies on the interplay between the manufacturer’s encroachment and the online retail platform’s data analytics capability investment considering the competition intensity of the products in the reselling channel and the agency channel.




1.2. Research Questions and Major Findings


There is no existing theory to shed light on the impact of data analytics capability on the encroachment decision of online retailing. We hope to bridge this gap by building analytical models to study the matter. We analyzed four cases considering the decisions of the manufacturer and the platform: no data analytics and no encroachment (NN), no data analytics and encroachment (NE), data analytics and no encroachment (DN), and data analytics and encroachment (DE). We hope to shed light on the following research questions.




	
What are the manufacturer’s and the platform’s equilibrium decisions (such as wholesale price and selling quantity) under different scenarios?



	
How do the manufacturer’s and the platform’s equilibrium decisions depend on the agency channel’s commission rate and competition intensity?



	
How does data analytics capability investment interact with the manufacturer’s encroachment decision of whether or not to add an agency channel to an existing reselling channel on the online retail platform?








To address these questions, we developed a game-theoretic model in which one manufacturer has an existing reselling relationship with the online retail platform. First, the platform chooses whether or not to invest in data analytics capability. Next, the manufacturer chooses whether or not to encroach, and the platform chooses whether or not to allow the encroachment. If the manufacturer successfully encroaches, the platform charges a commission rate to receive a fixed portion of the agency channel’s revenue. Then, the platform determines the investment level if the platform chooses to invest in data analytics capability in the earlier stage. After that, the manufacturer decides on the wholesale price for the reselling channel. Then, the platform decides on the order quantity. Finally, if the manufacturer successfully encroaches, the manufacturer decides on the selling quantity for the agency channel. When the manufacturer successfully encroaches, the manufacturer adopts both the reselling and agency channels to distribute products. When the platform chooses to invest in data analytics capability, the platform can better understand customers’ preferences and behavior through data-driven analysis, thereby increasing the utility of consumers. By solving the model, we investigated the interplay between the manufacturer’s encroachment and the online retail platform’s data analytics capability investment. This study is the first, to our knowledge, that considers the interplay between the manufacturer’s encroachment decisions and the online retail platform’s data analytics capability investment decisions. We fully characterize the equilibrium decisions and show how the equilibrium decisions depend on the consumers’ personalized recommendation preference and the marginal investment cost. Our analysis reveals that the conditions for the manufacturer to encroach become more lenient, and the manufacturer is more likely to encroach if the platform invests in data analytics. Encroachment lowers the wholesale price more passively as consumers’ sensitivity to personalized recommendations increases. Encroachment increases the total selling quantity more aggressively as consumers’ sensitivity to personalized recommendations increases. Moreover, we show that the investment in data analytics capability can lead to a Pareto improvement, which means that the e-commerce platform and manufacturer can simultaneously achieve revenue growth. For the manufacturer, the manufacturer can free ride on the platform’s investment in data analytics capability. For the online retail platform, manufacturer encroachment always enhances the platform’s investment level in data analytics capability.



The remainder of the paper is organized as follows. In the next section, we position our paper in the context of the literature related to data analytics, manufacturer encroachment, and channel structure. In Section 3, we set our model and provide the sequences of events. In Section 4, we derive the equilibrium outcomes under different scenarios. In Section 5, we analyze the manufacturer’s encroachment decision and the platforms’ data analytics capability decision. In Section 6, we present our conclusion.





2. Literature Review


Our work is closely related to three streams of literature: data analytics, manufacturer encroachment, and channel structure. In this section, we provide an overview of these research streams and highlight our contributions.



2.1. Data Analytics


Data analytics is emerging as a prominent field of operations management [3,4,5]. Rust and Huang [6] studied the role of big data in offering more customized services. Jiang et al. [7] and Besbes et al. [8] proposed improved mathematical models based on big data for click-through rate estimation and product recommendation. Singhal et al. [9] showed that big data can shorten the virtual distance between firms and their customers, which makes it easier to provide personalized products and services. Lutfi et al. [10] developed an integrated model drawing on the technology-organization-environment framework and resource-based view theory to examine the drivers and implications of adopting big data analytics (BDA). Few scholars have examined the influence of data analytics on decision-making and profit by developing the mathematical model. Ghoshal et al. [11] quantitatively analyze the platform’s data alliance decisions about personalized recommendations based on big data. Liu et al. [12] investigated the online retail platform’s preferences between the agency channel and reselling channel considering the impact of data-driven marketing. Zhang et al. [13] showed that investing in data analytics capabilities by a marketplace can lead to a situation where the marketplace, merchants, and consumers all benefit. Different from the extant literature, in our paper, we analyzed the impact of data analytics on the manufacturer and the platform’s profit and selling format decision. Our paper makes a novel contribution to this literature by showing how the channel structure impacts a platform’s incentive in data analytics capability investment.




2.2. Manufacturer Encroachment


Our work is also related to the stream of literature on manufacturer encroachment. Chiang et al. [14] and Arya et al. [15] showed that manufacturer encroachment can mitigate the impact of the double marginal effect. Li et al. [16,17] extended Arya et al. [15] by investigating the role of information asymmetry on manufacturer encroachment. Yoon [18] argued that encroachment may incentivize the manufacturer to have a vested interest in the retail level which consequently leads manufacturers to make cost-cutting investments. Yang et al. [19] demonstrated that manufacturer encroachment always harms the retailer and the impact on itself depends on bargaining power under nonlinear pricing. Zhang et al. [20] investigated the impact of advertising by either the supplier or the retailer on encroachment decisions. Gao et al. [21] showed that upstream private information can improve channel efficiency and consumer surplus. Ha et al. [22] studied the interplay of encroachment decisions and information sharing in a supply chain where a manufacturer sells the product through on online retail platform. Guan et al. [23] examined the value of manufacturers acquiring information and sharing information with the retailer. Huang et al. [24] studied the interplay among manufacturer encroachment, platform dual-purpose concern, and retail competition. Shi et al. [25] endogenized the manufacturer’s choice between the integrated and the decentralized structures in encroachment pursuit. Our paper contributes to this literature by analyzing the interplay between the manufacturer’s encroachment and the online retail platform’s data analytics capability investment.




2.3. Channel Structure


Our paper is mostly related to the rich literature on the channel structure of online retailing. Hagiu and Wright [26] considered the strategic choice between the reselling channel and the agency channel when the sellers and the platform can exert effort to incentivize demand. Abhishek et al. [27] examined a supply chain with a single manufacturer selling to two competing online retailers, each of whom has the option of choosing from one of the two selling formats. Kwark et al. [28] studied a similar issue but considered the impact of third-party information (such as product reviews). Tian et al. [29] demonstrated that the interaction between order-fulfillment expenses and upstream competition intensity moderates the choice of the most efficient mode for the online retailer. Jerath and Zhang [30] investigated the platform’s problem of selecting between the reselling channel and the agency channel for two competing manufacturers. Ha et al. [31] studied the impact of a platform’s service effort on a manufacturer’s decision to choose the distribution channel. Cao et al. [32] investigated the impact of the channel structure on an upstream manufacturer’s bundling incentive. Zhen et al. [33] studied the impact of pricing strategies on selecting the channel structure and the joint decision-making of channel structure and pricing strategy. Hong et al. [34] demonstrated that public information sharing leads to increased competition, whereas private information sharing tends to mitigate the competition. This study examines the case where the agency selling format and the reselling format exist simultaneously, that is the case when the manufacturer chooses to encroach. We analyzed how the data analytics capability investment of the platform affects the manufacturer’s encroachment decision.





3. Modeling Framework


We consider a supply chain with a manufacturer (denoted as M) selling through an online platform (denoted as P). In the reselling channel, the manufacturer sets the unit wholesale price, and the platform decides on the selling quantity. Meanwhile, the manufacturer may choose to encroach into the retail market and sell directly to consumers through the platform. For example, the manufacturer can sell the products through the flag shop through the online retail platform. In the agency channel, the manufacturer determines the selling quantity and pays the online retail platform a unit commission rate  λ  (  λ ∈  (  0 , 1  )   ) proportional to the retail price. We assume that the commission rate is exogenous. It makes sense because the online retail platform charges a uniform commission rate for the entire assortment and commits to the rate before negotiating channel contracts with individual manufacturers. The manufacturer incurs a fixed unit production cost and the online retail platform incurs a fixed unit selling cost, and they are normalized to zero without loss of generality.



When a manufacturer sells through both channels of the online retailer, the product assortments in these two channels may not be the same. We assume that the manufacturer can produce an imperfect substitute product rather than a perfect one. Let  b  (  b ∈  (  0 , 1  )   ) capture the substitution degree (competition intensity) between the products offered by the reselling channel and the agency channel. The larger  b  is, the more substitutable the two products are. We consider a classic encroachment model with quantity competition when both the agency and reselling channels exist [35]. When the platform invests in data analytics capability, we consider the platform to face the price given by the following inverse demand function:


   p R  = a −  q R  − b  q M  + k y  



(1)







While we consider the manufacturer to face the price given by the following inverse demand function:


   p M  = a −  q M  − b  q R  + k y  



(2)




where  a  is the potential market size, and  a  is a positive number. We use    q M    and    q R    to denote the manufacturer’s selling quantity through the agency channel and the platform’s selling quantity through the reselling channel, respectively. We denote the data analytics capability exerted by the platform by  y , and we denote the consumers’ sensitivity to personalized recommendations by  k  (  k ∈  (  0 , 1  )   ). To realize the data analytics capability  y , the platform is required to pay the corresponding data analysis expenses. The cost of data analytics investment incurred by the platform is given by   1 / 2 c  y 2    where a higher  c  means a higher cost of data analytics. Here, a quadratic cost function implies that it is increasingly expensive to apply data analysis capabilities to achieve unit demand for demand growth. Such a quadratic cost function has been widely used in the recent literature [11,12]. The profits of the manufacturer and the platform are:


   Π M  = w  q R  +  (  1 − λ  )   p M   q M   



(3)






   Π P  =  p R   q R  + λ  p M   q M  −  1 2  c  y 2   



(4)




where  w  is the wholesale price. If the manufacturer does not encroach on the retail market, the manufacturer’s quantity in the direct channel is    q M  = 0  , and only the indirect channel sells products. If the platform does not invest in data analytics capability, we set   y = 0  . Notations are summarized in Table 1.



The sequence of events is as follows. In Stage 1, the platform chooses whether or not to invest in data analytics capability. In Stage 2, the manufacturer chooses whether or not to encroach, and the platform chooses whether or not to allow the encroachment. In Stage 3, if the platform chooses to invest in data analytics capability, then determines the investment level y. In Stage 4, the manufacturer decides on the wholesale price w. In Stage 5, after observing w, the platform decides on the order quantity    q R    for the reselling channel. In Stage 6, if the manufacturer encroaches and the platform allows the encroachment, then the manufacturer decides on the selling quantity    q M    for the agency channel. In the last stage (Stage 7), the market price is realized, and then the manufacturer and the platform receive their payoffs. The timing of events is illustrated in Figure 1.




4. Equilibrium Results


In this section, we derive the equilibrium results of four scenarios: NN, NE, DN, and DE. The first letter represents the platform’s data analytics capability investment decision in Stage 1; while the second letter denotes the manufacturer’s encroachment decision in Stage 2. For these four cases, we derive the equilibrium outcomes by backward induction. To make all equilibrium solutions positive and ensure the existence of the optimal solution (Hessian matrix as negative definite matrix), we can derive:   c >  c ¯  = m a x  {     k 2   8  ,   A  k 2    2    (  8 −  b 2   (  5 + λ  )   )   2     }   . Among them,   A = 16 + 64 λ + b  (  b  (  8 + 8 b  (  2 + λ  )  − 4 λ  (  21 + 4 λ  )  +  b 2   (  λ  (  3 + λ  )   (  7 + λ  )  − 8  )   )  − 32  )   .



4.1. No Data Analytics and No Encroachment (NN)


When the manufacturer does not encroach on the retail market and the platform does not invest in data analytics capability investment, the platform decides the selling quantity to solve the following problem:     max    q R     (  a −  q R  − w  )   q R   . In the second stage, we first derive the platform’s best response to the wholesale price  w , and it can be shown as     q ^  R   ( w )  =  1 2   (  a − w  )   . Anticipating the platform’s best response function, the manufacturer decides the wholesale price  w  to solve the following problem:     max  w  w   q ^  R   ( w )   . By solving the equilibrium wholesale price  w  from the problem and substituting it back, we obtain the following equilibrium decisions:    w  NN   =  a 2   ,     q R  NN   =  a 4   . By substituting the equilibrium decisions back to the profit functions, the equilibrium profits of the manufacturer and platform under the NN scenario are, respectively,    Π M  NN   =    a 2   8    and    Π P  NN   =    a 2    16    .




4.2. No Data Analytics and Encroachment (NE)


In this setting, the manufacturer decides the selling quantity to maximize the profit:     max    q M    w  q R  +  (  1 − λ  )   (  a −  q M  − b  q R   )   q M   . Solving the above problem, we obtain the manufacturer’s best response to    q R   :      q ^  M   (   q R   )  =  1 2   (  a − b  q R   )   . Taking the manufacturer’s subsequent best response into account, the platform maximizes the total profit from both channels:     max    q R     (  a −  q R  − b   q ^  M   (   q R   )  − w  )   q R  + λ  (  a −   q ^  M   (   q R   )  − b  q R   )    q ^  M   (   q R   )   . Solving the above problem, we obtain the platform’s best response to  w :      q ^  R   ( w )  =   2 w + a  (  b + b λ − 2  )     b 2   (  2 + λ  )  − 4    . By anticipating the platform’s best response function, the manufacturer solves the following problem:     max  w  w   q ^  R   ( w )  +  (  1 − λ  )   (  a −   q ^  M   (    q ^  R   ( w )   )  − b   q ^  R   ( w )   )    q ^  M   (    q ^  R   ( w )   )   . By solving the equilibrium  w  from the problem and substituting it back, we obtain the following equilibrium decisions:    w  NE   =   a  (  8 + b  (   b 2   (  1 + λ  (  4 + λ  )   )  − 6 b − 8 λ  )   )    2  (  8 −  b 2   (  5 + λ  )   )     ,    q R  NE   =   2 a  (  1 − b  )    8 −  b 2   (  5 + λ  )     ,    q M  NE   =   a  (  8 −  b 2   (  3 + λ  )  − 2 b  )    2  (  8 −  b 2   (  5 + λ  )   )     . By substituting the equilibrium decisions back to the profit functions, the equilibrium profits of the manufacturer and platform under the NE scenario are, respectively,    Π M  NE   =    a 2   (  12 − b  (  8 + b − b λ  (  4 + λ  )   )  − 8 λ  )    4  (  8 −  b 2   (  5 + λ  )   )       and     Π P  NE   =    a 2  A   4    (  8 −  b 2   (  5 + λ  )   )   2     .




4.3. Data Analytics and No Encroachment (DN)


When the manufacturer does not encroach on the retail market and the platform invests in data analytics capability investment, the platform decides the selling quantity to maximize the profit as follows:     max    q R     (  a −  q R  + k y − w  )   q R  −  1 2  c  y 2   . Solving the above problem, we obtain the platform’s best response to  w :      q ^  R   ( w )  =  1 2   (  a − w + k y  )   . By anticipating the platform’s best response function, the manufacturer solves the following problem:      max  w  w   q ^  R   ( w )   . Solving the above problem, we obtain the manufacturer’s best response to  y :     w ^   ( y )  =  1 2   (  a + k y  )   . By solving the equilibrium data analytics investment level  y  from the problem and substituting it back, we obtain the following equilibrium decisions:    y  DN   =   a k   8 c −  k 2     ,    w  DN   =   4 a c   8 c −  k 2     ,    q R  DN   =   2 a c   8 c −  k 2     . By substituting the equilibrium decisions back to the profit functions, the equilibrium profits of the manufacturer and platform under the DN scenario are, respectively,    Π M  DN   =   8  a 2   c 2       (  8 c −  k 2   )   2      and    Π P  DN   =    a 2  c   2  (  8 c −  k 2   )     .



By taking the derivative of equilibrium outcomes with respect to   k   and  c , we have the following Proposition 1.



Proposition 1.

When the manufacturer does not encroach on the retail market, as the consumers’ personalized recommendation preference and the marginal investment cost (i.e.,  k ,   c ) increases, the changes of the equilibrium for the manufacture and platform satisfy the following:


   ( a )    ∂  w  D N     ∂ k   > 0 ,     ∂  y  D N     ∂ k   > 0 ,     ∂  Π M  D N     ∂ k   > 0 ,     ∂  Π P  D N     ∂ k   > 0 ;  










   ( b )    ∂  w  D N     ∂ c   < 0 ,     ∂  y  D N     ∂ c   < 0 ,     ∂  Π M  D N     ∂ c   < 0 ,     ∂  Π P  D N     ∂ c   < 0 .  













The proofs of all propositions are presented in Appendix A.



Proposition 1 indicates that when the manufacturer does not encroach on the retail market, the whole price, the data analytics investment level, the profit of the manufacturer, and the profit of the platform rise as the consumers’ personalized recommendation preference increases and the marginal investment cost decreases.




4.4. Data Analytics and Encroachment (DE)


When the manufacturer encroaches on the retail market and the platform invests in data analytics capability investment, the manufacturer decides the selling quantity to maximize the profit:     max    q M    w  q R  +  (  1 − λ  )   (  a −  q M  − b  q R  + k y  )   q M   . Solving the above problem, we obtain the manufacturer’s best response to    q R   :      q ^  M   (   q R   )  =  1 2   (  a + k y − b  q R   )   . The platform solves the following problem:     max    q R     (  a −  q R  − b   q ^  M   (   q R   )  + k y − w  )   q R  + λ  (  a −   q ^  M   (   q R   )  − b  q R  + k y  )    q ^  M   (   q R   )  −  1 2  c  y 2   . Solving the above problem, we obtain the platform’s best response to  w :      q ^  R   ( w )  =   2 w + a  (  b + b λ − 2  )  + k y  (  b + b λ − 2  )     b 2   (  2 + λ  )  − 4    . By anticipating the platform’s best response function, the manufacturer solves the following problem:     max  w  w   q ^  R   ( w )  +  (  1 − λ  )   (  a −   q ^  M   (    q ^  R   ( w )   )  − b   q ^  R   ( w )  + k y  )    q ^  M   (    q ^  R   ( w )   )   . Solving the above problem, we derive the manufacturer’s best response to  y :     w ^   ( y )  =    (  a + k y  )   (  8 + b  (  b  (  b + b λ  (  4 + λ  )  − 6  )  − 8 λ  )   )    2  (  8 −  b 2   (  5 + λ  )   )     . By solving the equilibrium data analytics investment level  y  from the problem and substituting it back, we obtain the following equilibrium decisions:


    y  DE   =   a k A   2 c    (  8 −  b 2   (  5 + λ  )   )   2  −  k 2  A   ,     w  DE   =   a c  (  8 −  b 2   (  5 + λ  )   )   (  8 + b  (  b  (  b + b λ  (  4 + λ  )  − 6  )  − 8 λ  )   )    2 c    (  8 −  b 2   (  5 + λ  )   )   2  −  k 2  A   ,     q R  DE   =   4 a c  (  1 − b  )   (  8 −  b 2   (  5 + λ  )   )    2 c    (  8 −  b 2   (  5 + λ  )   )   2  −  k 2  A   ,     q M  D E   =   a c  (  8 −  b 2   (  5 + λ  )   )   (  8 − b  (  2 + b  (  3 + λ  )   )   )    2 c    (  8 −  b 2   (  5 + λ  )   )   2  −  k 2  A   .   











By substituting the equilibrium decisions back to the profit functions, the equilibrium profits of the manufacturer and platform under the DE scenario are, respectively:


    Π M  DE   =    a 2   c 2     (  8 −  b 2   (  5 + λ  )   )   3   (  12 − 8 λ + b  (  b  (  λ  (  4 + λ  )  − 1  )  − 8  )   )       (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  −  k 2  A  )   2    ,     Π P  DE   =    a 2  c A   2  (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  −  k 2  A  )    .   











By taking the derivative of equilibrium outcomes with respect to   k   and  c , we have the following Proposition 2.



Proposition 2.

When the manufacturer encroaches on the retail market, as the consumers’ personalized recommendation preference and the marginal investment cost (i.e.,  k ,   c ) increases, the changes of the equilibrium for the manufacture and platform satisfy the following:


   ( a )    ∂  w  D E     ∂ k   > 0 ,     ∂  y  D E     ∂ k   > 0 ,     ∂  Π M  D E     ∂ k   > 0 ,     ∂  Π P  D E     ∂ k   > 0 ;  










   ( b )    ∂  w  D E     ∂ c   < 0 ,     ∂  y  D E     ∂ c   < 0 ,     ∂  Π M  D E     ∂ c   < 0 ,     ∂  Π P  D E     ∂ c   < 0 .  













According to Proposition 2, we find that when the manufacturer encroaches on the retail market, the whole price, the data analytics investment level, the profit of the manufacturer, and the profit of the platform rise as the consumers’ personalized recommendation preference increases and the marginal investment cost decreases.





5. Decision Analyses


5.1. Encroachment Decisions


We compared the wholesale price and selling quantity when the manufacturer decides not to encroach and to encroach. The results are as Proposition 3.



Proposition 3.

(a) When the platform does not invest in data analytics capability, the wholesale price in the NE case is lower than that in the NN case, and the total selling quantity in the NE case is higher than that in the NN case, that is,    w  N E    〈   w  N N   ,    q R  N E   +  q M  N E    〉   q R  N N    . (b) When the platform invests in data analytics capability, there exists    c 1    such that the wholesale price in the DE case is lower than that in the DN case, that is,      w  D E   <  w  D N      if   c > m a x  (   c 1  ,  c ¯   )   ; there exists    c 2    such that the total selling quantity in the DE case is higher than that in the DN case, that is,    q R  D E   +  q M  D E   >  q R  D N    if   c > m a x  (   c 2  ,  c ¯   )   .





Proposition 3 shows that the manufacturer’s encroachment lowers the wholesale price and increases the total selling quantity when the platform does not invest in data analytics capability. This is because the encroachment mitigates the reselling channel’s double marginalization effect and lowers the wholesale price and the selling price of the product in the reselling channel. When the platform invests in data analytics capability, the manufacturer should increase the wholesale price if the marginal investment cost is small, and the manufacturer should lower the wholesale price if the marginal investment cost is high. We present part (b) of Proposition 3 in Figure 2. The values of the parameters are set as   a = 2  ,   c = 5  ,   b = 0.5  , and   λ = 0.4  . As shown in Figure 2, encroachment lowers the wholesale price more passively and increases the total selling quantity more aggressively as consumers’ sensitivity to personalized recommendations increases.



We compared the platform’s profit when the manufacturer decides not to encroach and to encroach. The results are summarized in Proposition 4.



Proposition 4.

There exists    λ 1    such that the platform’s profit in the NE case is larger than that in the NN case, and the platform’s profit in the DE case is larger than that in the DN case, that is,    Π P  N E   >  Π P  N N    ,    Π P  D E   >  Π P  D N     if   λ >  λ 1    otherwise.





Proposition 4 shows that when the commission rate is high, the manufacturer’s encroachment benefits the platform regardless of whether there is data analytics capability investment or not. If the commission rate increases, it becomes more profitable for the platform if the manufacturer encroaches by selling through the agency channel. The e-commerce platform will only allow the manufacturer to encroach if the e-commerce platform’s revenue from the agency channel is sufficient to compensate for the loss of revenue in the reselling channel. This is because the manufacturer’s encroachment not only enables the platform to capture a larger share of the revenue in the agency channel but also lowers the average wholesale price and mitigates the reselling channel’s double marginalization effect with the higher commission rate.



We compared the manufacturer’s profit in the NE case and NN case. The results are shown in the following proposition.



Proposition 5.

When the platform does not invest in data analytics capability, there exists    λ 2    such that the manufacturer’s profit in the NE case is larger than that in the NN case, that is,    Π M  N E   >  Π M  N N     if   λ <  λ 2    otherwise.





Proposition 5 demonstrates that the manufacturer should encroach when the commission rate is low. This is because when the commission rate is lower, the manufacturer receives a larger share of the agency channel’s revenue and, therefore, has more incentive to encroach. When the platform invests in data analytics capability, expressions for the equilibrium decisions and outcomes are complicated. As such, we performed numerical analyses to compare the equilibrium profit. We illustrate the results using contour plots in Figure 3 whereby, for this particular figure, we set   a = 2  ,   c = 5  , and    k  = 0.8   while varying  b  and  λ . Each curve in the contour plot joins points of equal value of either    Π P  DE   −  Π P  DN     in Panel (a) or    Π M  DE   −  Π M  DN     in Panel (b). We can observe from Figure 3 that the manufacturer chooses to encroach if the commission rate  λ  is sufficiently small, and the platform chooses to allow the encroachment if the commission rate  λ  is sufficiently high.



When the commission rate is high, the platform should choose to allow the encroachment, that is,    Π M  DE   >  Π M  DN     if   λ <  λ 3    otherwise. As shown in Figure 4, when the platform invests in data analytics capability, the conditions for the manufacturer to encroach become more lenient, that is,    λ 2  <  λ 3   . Therefore, the manufacturer is more likely to encroach when the platform invests in data analytics. The threshold    λ 1    is larger as competition intensity  b  becomes larger, and the threshold    λ 2    and    λ 3    are smaller as competition intensity  b  becomes larger.




5.2. Data Analytics Investment Decisions


We compared the wholesale price and selling quantity when the platform decides not to invest and to invest in data analytics capability. We present the results in Proposition 6.



Proposition 6.

(a) When the manufacturer decides not to encroach, the wholesale price and selling quantity in the DN case is greater than that in the NN case, that is,    w  D N   >  w  N N   ,  q R  D N   >  q R  N N    . (b) When the manufacturer decides to encroach, the wholesale price and selling quantity in the DE case is greater than that in the NE case, that is,    w  D E   >  w  N E   ,  q R  D E   >  q R  N E   , a n d    q M  D E   >  q M  N E    .





Proposition 6 shows that the investment in data analytics capability boosts the wholesale price and selling quantity of the reselling channel and agency channel. When the online platform invests in data analytics capability, the consumer utility from purchasing the product increases. Consumers are willing to pay a higher price for the product, and the selling price and demand for the product subsequently increase.



We compared the platform’s profit and the manufacturer’s profit when the platform decides not to invest and to invest in data analytics capability. See the following proposition.



Proposition 7.

(a) When the manufacturer decides not to encroach, the profits in the DN case are higher than that in the NN case, that is,    Π M  D N   >  Π M  N N   ,  Π P  D N   >  Π P  N N    . (b) When the manufacturer decides to encroach, the profit in the DE case is higher than that in the NE case, that is,    Π M  D E   >  Π M  N E   ,  Π P  D E   >  Π P  N E    .





Proposition 7 shows that whether the manufacturer encroach or not, investing in data analytics is a dominant strategy for the e-commerce platform. The investment in data analytics capability can lead to a Pareto improvement, which means that the e-commerce platform and manufacturer can simultaneously achieve revenue growth. For the e-commerce platform, investing in data analytics capability realizes an increase in both demand and pricing of the product. The investment generates additional revenue that exceeds the cost of investment, thereby ensuring a positive return on investment, and ultimately leading to increased profit. For the manufacturer, the manufacturer can free ride on the platform’s investment in data analytics capability. The e-commerce platform’s investment in data analytics increases the demand for the product, leading to a subsequent increase in revenue for the manufacturer.



We compared the platform’s investment level in data analytics capability when the manufacturer decides not to encroach and to encroach. We present the results in Proposition 8.



Proposition 8.

The encroachment of the manufacturer enhances the platform’s investment level in data analytics capability, that is,    y  D E   >  y  D N    .





Proposition 8 shows the investment level in the data analytics capability of the platform when the manufacturer encroaches is greater than the investment level in the data analytics capability of the platform when the manufacturer does not encroach. Proposition 8 offers an important insight that it creates more incentive for the platform to enhance the platform’s investment level in data analytics capability when the manufacturer encroaches. When the manufacturer encroaches, the platform invests more in data analytics to expand the market demand.





6. Conclusions


In this study, we analyzed four cases considering the manufacturer’s encroachment decisions and the platform’s data analytics capability investment decisions: no data analytics and no encroachment (NN), no data analytics and encroachment (NE), data analytics and no encroachment (DN), and data analytics and encroachment (DE). We performed sensitivity analysis to analyze the impact of some parameters on the equilibrium. We found that whether the manufacturer encroaches on the retail market or not, the whole price, data analytics investment level, the profit of manufacture, and the profit of the platform rise as the consumers’ personalized recommendation preference increases and the marginal investment cost decreases. Our outcomes revealed that when the platform invests in data analytics, the conditions for the manufacturer to encroach become more lenient, and encroachment lowers the wholesale price more passively and increases the total selling quantity more aggressively as consumers’ sensitivity to personalized recommendations increases. Moreover, we showed that the investment in data analytics capability can lead to a Pareto improvement, which means that the e-commerce platform and manufacturer can simultaneously achieve revenue growth. For the manufacturer, the manufacturer can free ride on the platform’s investment in data analytics capability. For the online retail platform, manufacturer encroachment always creates more incentive for the platform to enhance the platform’s investment level in data analytics capability.



The findings of this study have important practical implications. When these platforms make data analytics capability investment decisions, they have to account for their impact on the manufacturers’ channel decisions. As for the manufacturers, when they make channel decisions, they need to account for their impact on the platform’s incentive to invest in data analytics capability. Because the encroachment and data analytics capability investment decisions are complementary, one decision enhances the value of the other decision to the decision-maker. There are several limitations to this research. One limitation of our model is that we did not consider the negative effects of personalized recommendations to consumers, such as accurate recommendations causing consumers’ concerns about privacy disclosure. Another limitation is that we assumed there is no encroaching cost for the manufacturers’ encroachment so that we could focus on some key drivers (e.g., commission rate and competition intensity) that impact the manufacturer’s encroachment decisions and the platform’s data analytics capability investment decisions. It would be interesting to extend to the case where the manufacturer has an encroaching cost and examine how the main findings might change. Therefore, in subsequent studies, studying the impact of consumers’ privacy concerns and manufacturers’ encroaching costs could offer additional insights. In addition, the equilibrium results of this paper can be viewed as testable hypotheses, and empirically analyzing the impact of the factors on firms’ channel decisions verifies that our theory is a valuable extension.
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Appendix A


Proof of Proposition 1.

When the manufacturer does not encroach on the retail market and the platform invests in data analytics capability investment, by taking the derivative of equilibrium outcomes with respect to   k   and  c , we have:


     ∂  w  DN     ∂ k   =   8 a c k      (  8 c −  k 2   )   2    > 0        ∂  y  DN     ∂ k   =   a  (  8 c +  k 2   )       (  8 c −  k 2   )   2    > 0      ∂  Π M  DN     ∂ k   =   32  a 2   c 2  k      (  8 c −  k 2   )   3    > 0      ∂  Π P  DN     ∂ k   =    a 2  c k      (  8 c −  k 2   )   2    > 0      ∂  w  D N     ∂ c   = −   4 a  k 2       (  8 c −  k 2   )   2    < 0        ∂  y  D N     ∂ c   = −   8 a k      (  8 c −  k 2   )   2    < 0      ∂  Π M  D N     ∂ c   = −   16  a 2  c  k 2       (  8 c −  k 2   )   3    < 0      ∂  Π P  D N     ∂ c   = −    a 2   k 2    2    (  8 c −  k 2   )   2    < 0   











This completes the proof. □





Proof of Proposition 2.

When the manufacturer encroaches on the retail market and the platform invests in data analytics capability investment, by taking the derivative of equilibrium outcomes with respect to   k   and  c , we have:


     ∂  w  DE     ∂ k   =   2 a A c k  (  8 −  b 2   (  5 + λ  )   )   (  8 − b  (  8 λ + b  (  6 − b − b λ  (  4 + λ  )   )   )   )       (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   2    > 0        ∂  y  DE     ∂ k   =   a A    (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  + A  k 2   )   2       (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   2    > 0      ∂  Π M  DE     ∂ k   =   4  a 2  A  c 2  k    (  8 −  b 2   (  5 + λ  )   )   3   (  12 − 8 λ − b  (  8 + b  (  1 − λ  (  4 + λ  )   )   )   )       (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   3    > 0      ∂  Π P  DE     ∂ k   =    a 2   A 2  c k      (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   2    > 0      ∂  w  D E     ∂ c   = −   a A  k 2   (  8 −  b 2   (  5 + λ  )   )   (  8 − b  (  8 λ + b  (  6 − b − b λ  (  4 + λ  )   )   )   )       (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   2    < 0        ∂  y  D E     ∂ c   = −   2 a A k    (  8 −  b 2   (  5 + λ  )   )   2       (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   2    < 0      ∂  Π M  D E     ∂ c   = −   2  a 2  A c  k 2     (  8 −  b 2   (  5 + λ  )   )   3   (  12 − 8 λ − b  (  8 + b  (  1 − λ  (  4 + λ  )   )   )   )       (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   3    < 0      ∂  Π P  D E     ∂ c   = −    a 2   A 2   k 2    2    (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   2    < 0   











This completes the proof. □





Proof of Proposition 3.

When the platform does not invest in data analytics capability:


    w  NE   −  w  NN   =   a b  (  b  (  b + λ + b λ  (  4 + λ  )  − 1  )  − 8 λ  )    2  (  8 −  b 2   (  5 + λ  )   )    < 0     q R  NE   −  q R  NN   =   a b  (  b  (  5 + λ  )  − 8  )    4  (  8 −  b 2   (  5 + λ  )   )    < 0   











When the platform invests in data analytics capability:


    w DE  −  w DN  =  1   (  2 c   ( 8 −  b 2  ( 5 + λ ) )  2  − A  k 2   )   ( 8 c −  k 2  )    ( a c  (  ( 8 −  b 2  ( 5 + λ ) )   ( 8 + b ( b ( b      + b λ ( 4 + λ ) − 6 ) − 8 λ ) ) ( 8 c −  k 2  ) − 4  (  2 c   ( 8 −  b 2  ( 5 + λ ) )  2  − A  k 2   )  ) )   











We can show that    w  DE   −  w  DN     is equal to a positive factor multiplied by    f 1  =  (  8 −  b 2   (  5 + λ  )   )   (  8 + b  (  b  (  b + b λ  (  4 + λ  )  − 6  )  − 8 λ  )   )   (  8 c −  k 2   )  − 4  (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   . Given  b  and  λ , we can look at    f 1    as a function of   c .   When   0 ≤ λ ≤ 1   and   0 < b < 1  , the function    f 1     is decreasing in   c .  



The solution of    f 1  = 0   is   c =  c 1   .


   c 1  =    k 2   (  4 A −  (  8 −  b 2   (  5 + λ  )   )   (  8 − b  (  8 λ + b  (  6 − b − b λ  (  4 + λ  )   )   )   )   )    8 b  (  8 −  b 2   (  5 + λ  )   )   (  8 λ + b  (  1 − b − λ − b λ  (  4 + λ  )   )   )     











It follows that    f 1  > 0   if   c <  c 1  .  



When the platform invests in data analytics capability:


      q R  DE   +  q M  DE   —  q R  DN      =  1  (  2 c   (  8 −  b 2   (  5 + λ  )   )  2  − A  k 2   ) (  8 c −  k 2   )   ( a c ( ( b ( b  (  b ( 5 + λ )  ( 6 + b ( 3 + λ ) )   − 4 ( 21 + 5 λ )   )         − 48 ) + 96 ) (  8 c −  k 2   ) − 2  (  2 c   ( 8 −  b 2  ( 5 + λ ) )  2  − A  k 2   )  ) )      











We can show that    q R  DE   +  q M  DE   —  q R  DN     is equal to a positive factor multiplied by    f 2  =  (  b  (  b  (  b  (  5 + λ  )   (  6 + b  (  3 + λ  )   )  − 4  (  21 + 5 λ  )   )  − 48  )  + 96  )   (  8 c −  k 2   )  − 2  (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   . Given  b  and  λ , we can look at    f 2    as a function of   c .   When   0 ≤ λ ≤ 1   and   0 < b < 1  , the function    f 2    is increasing in   c .  



The solution of    f 2  = 0   is   c =  c 2   .


   c 2  =    (  2 A +  (  8 −  b 2   (  5 + λ  )   )   (  12 − b  (  6 + b  (  3 + λ  )   )   )   )   k 2    4  (  8 −  b 2   (  5 + λ  )   )   (  16 − b  (  12 + b + b λ  )   )     











It follows that    f 2  < 0   if   c <  c 2   , the proof is completed. □





Proof of Proposition 4.

Note that:


    Π P  NE   −  Π P  NN   =    a 2   (  4 A −    (  8 −  b 2   (  5 + λ  )   )   2   )    16    (  8 −  b 2   (  5 + λ  )   )   2        Π P  DE   −  Π P  DN   =    a 2   c 2   (  4 A −    (  8 −  b 2   (  5 + λ  )   )   2   )     (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   (  8 c −  k 2   )      











We can show that    Π P  NE   −  Π P  NN     and    Π P  DE   −  Π P  DN     are equal to a positive factor multiplied by    f 3  = 4  (  16 + 64 λ + b  (  b  (  8 + 8 b  (  2 + λ  )  − 4 λ  (  21 + 4 λ  )  +  b 2   (  λ  (  3 + λ  )   (  7 + λ  )  − 8  )   )  − 32  )   )  −    (  8 −  b 2   (  5 + λ  )   )   2   . Given  b , we can look at    f 3    as a function of   λ .   When   0 ≤ λ ≤ 1   and   0 < b < 1  , the function    f 3    is increasing in   λ .  



At   λ = 0  ,      ∂   f 3       ∂ λ      can be expressed as a function of  b :


   g 1  = 4  (  16 + b  (  b  (  8 + 16 b − 8  b 2   )   )  − 32  )  −    (  8 − 5  b 2   )   2   










    max   b ∈  (  0 , 1  )     g 1  =   lim   b → 0   4  (  16 + b  (  b  (  8 + 16 b − 8  b 2   )   )  − 32  )  −    (  8 − 5  b 2   )   2  = 0  











Hence, we can get    g 1  < 0  .



At   λ = 1  ,      ∂   f 3       ∂ λ      can be expressed as a function of  b :


   g 2  = 4  (  80 + b  (  b  (  24 b + 24  b 2  − 92  )   )  − 32  )  −    (  8 − 6  b 2   )   2   










    min   b ∈  (  0 , 1  )     g 2  =   lim   b → 1   4  (  80 + b  (  b  (  24 b + 24  b 2  − 92  )   )  − 32  )  −    (  8 − 6  b 2   )   2  = 12  











Hence, we can get    g 2  > 0  .



Therefore, given  b ,     f 3    crosses zero from below once. The solution of    f 3  = 0   is   λ =  λ 3   . It follows that    f 3  > 0   if   λ <  λ 1    and    f 3  < 0   if   λ <  λ 1   , the proof is completed. □





Proof of Proposition 5.

Note that:


   Π M  NE   −  Π M  NN   =    a 2   (  16  (  1 − λ  )  + b  (  b  (  3 + λ  (  9 + 2 λ  )   )  − 16  )   )    8  (  8 −  b 2   (  5 + λ  )   )     











We can show that    Π M  NE   −  Π M  NN     is equal to a positive factor multiplied by    f 4  = 16  (  1 − λ  )  + b  (  b  (  3 + λ  (  9 + 2 λ  )   )  − 16  )   . Given  b , we can look at    f 4    as a function of   λ .   When   0 ≤ λ ≤ 1   and   0 < b < 1  , the function    f 4      is decreasing in     λ .  



At   λ = 0  ,      ∂   f 4       ∂ λ      can be expressed as a function of  b :


   g 3  = 16 − b  (  16 − 3 b  )   










    min   b ∈  (  0 , 1  )     g 3  =   lim   b → 1   16 − b  (  16 − 3 b  )  = 3    











Hence, we can get    g 3  > 0  .



At   λ = 1  ,      ∂   f 4       ∂ λ      can be expressed as a function of  b :


   g 4  = − b  (  16 − 14 b  )   










    max   b ∈  (  0 , 1  )     g 4  =   lim   b → 0   − b  (  16 − 14 b  )  = 0  











Hence, we can get    g 4  < 0  .



Therefore, given  b ,     f 4    crosses zero from below once. The solution of    f 4  = 0   is   λ =  λ 2   . It follows that    f 4  > 0   if   λ <  λ 2    and    f 4  > 0   if   λ >  λ 2   , the proof is completed. □





Proof of Proposition 6.

When comparing the wholesale price and selling quantity when the platform decides not to invest and to invest in data analytics capability, we can get:


   w  DN   −  w  NN   =   4 a c   8 c −  k 2    −  a 2  > 0  










   q R  DN   −  q R  NN   =   2 a c   8 c −  k 2    −  a 4  > 0  










   w  DE   −  w  NE   =   a A  k 2   (  8 + b  (  b  (  b + b λ  (  4 + λ  )  − 6  )  − 8 λ  )   )    2  (  8 −  b 2   (  5 + λ  )   )   (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )    > 0  










   q R  DE   −  q R  NE   =   2 a A  (  1 − b  )   k 2     (  8 −  b 2   (  5 + λ  )   )   (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )    > 0  










   q M  DE   −  q M  NE   =   a A  k 2   (  8 − b  (  2 + b  (  3 + λ  )   )   )    2  (  8 −  b 2   (  5 + λ  )   )   (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )    > 0  











This completes the proof. □





Proof of Proposition 7.

When comparing the platform’s profit and the manufacturer’s profit when the platform decides not to invest and to invest in data analytics capability, we can get:


   Π M  DN   −  Π M  NN   =   8  a 2   c 2       (  8 c −  k 2   )   2    −    a 2   8  > 0  










   Π P  DN   −  Π P  NN   =    a 2  c   2  (  8 c −  k 2   )    −    a 2    16   > 0  










   Π M  DE   —  Π M  NE   =    a 2  A  k 2   (  4 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   (  12 − 8 λ + b  (  b  (  λ  (  4 + λ  )  − 1  )  − 8  )   )    4  (  8 −  b 2   (  5 + λ  )   )     (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   2    > 0  










   Π P  DE   −  Π P  NE   =    a 2   A 2   k 2    4    (  8 −  b 2   (  5 + λ  )   )   2   (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )    > 0  











This completes the proof. □





Proof of Proposition 8.

Note that:


   y  DE   −  y  DN   =   2 a c k  (  4 A −    (  8 −  b 2   (  5 + λ  )   )   2   )     (  2 c    (  8 −  b 2   (  5 + λ  )   )   2  − A  k 2   )   (  8 c −  k 2   )     











We can show that    y  DE   −  y  DN     is equal to a positive factor multiplied by    f 3  = 4  (  16 + 64 λ + b  (  b  (  8 + 8 b  (  2 + λ  )  − 4 λ  (  21 + 4 λ  )  +  b 2   (  λ  (  3 + λ  )   (  7 + λ  )  − 8  )   )  − 32  )   )  −    (  8 −  b 2   (  5 + λ  )   )   2   .



Details are omitted. From Proposition 4, we can know that    f 3  < 0   if   λ <  λ 1    and    f 3  ≥ 0   if   λ ≥  λ 1   , and the platform allows the manufacturer to encroach only if   λ >  λ 1   , so we always have    y  DE   −  y  DN   > 0  , the proof is completed. □
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Figure 1. Timing of events. 
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Figure 2. (a) Wholesale price comparison in the presence of data analytics; (b) Selling quantity comparison in the presence of data analytics. 
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Figure 3. (a) The platform’s profit comparison in the presence of data analytics; (b) The manufacturer’s profit comparison in the presence of data analytics. 
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Figure 4. Equilibrium profit comparison. 
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Table 1. Summary of notation.
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	Parameters
	Description



	   i = R , M  
	Subscripts representing reselling channel and agency channel, respectively



	   N N  
	No data analytics and no encroachment



	   N E  
	No data analytics and encroachment



	   D N  
	Data analytics and no encroachment



	   D E  
	Data analytics and encroachment



	  a 
	Potential market size



	  b 
	Competition intensity



	  c 
	Marginal investment cost



	  w 
	Wholesale price



	  k 
	Consumers’ sensitivity to personalized recommendation



	  λ 
	Commission rate



	  y 
	Data analytics investment level



	    q i   
	Selling quantity



	    p i   
	Selling price



	    Π M   
	Profit of the manufacturer



	    Π P   
	Profit of the platform
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