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Abstract

:

In this paper, we study a restaurant’s take-out model choice and the coordination of an online take-out supply chain. To this end, we first derive the restaurant’s optimal price and/or platform’s commission rate under the restaurant’s three possible take-out models: do not provide online take-out service (NTO model), provide take-out service by joining an online take-out platform (TOF model), or provide online take-out service by itself (TOH model). We investigate the restaurant’s optimal take-out model choice. We then derive the optimal decisions of price and the take-out model under centralization, and study the online take-out supply chain coordination problem. We find that, first, the restaurant may not always benefit from providing online take-out service. It will be beneficial only if the incremental demand generated by take-out service is high. Second, under the centralized supply chain, the TOF model is always better than the TOH model. Meanwhile, when the incremental demand is high, the restaurant should choose the TOF model; otherwise, the NTO model is better. Third, we find that the restaurant’s take-out price and model choice decisions under a decentralized supply chain are both inconsistent with that under the centralized supply chain. Last, we design a sales reward contract which can achieve the price and model choice coordination as well as win-win outcomes for all supply chain members.
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1. Introduction


With the popularity of mobile Internet, the market scale of online take-out is growing rapidly. According to the statistics of the ZhiYan consulting company [1], the market scale of China’s online take-out grew to $88.6 billion in 2019, an increase of 30.8% compared with 2018. By 2020, the number of online take-out users in China had reached 397.8 million. More and more restaurants started to provide online take-out service by joining some online take-out platforms (TOF model in short), such as Meituan, Ele.me and Delivery Hero. According to a financial report by Meituan, the number of restaurants that have joined the Meituan platform had reached 6.2 million by 2019. It is also reported that Delivery Hero has 150,000 restaurant partners across 40 countries [2].



In recent years, with the improvement of the industry concentration of online take-out platforms, some platforms have gradually increased their commission rate (or revenue share ratio). For example, Meituan’s commission rate has increased from 5 to 22%. At the high commission rate, some restaurants find it difficult to benefit from online take-out service. In addition, with the reduction of a restaurant’s take-out profit margin, the quality of food materials will be difficult to guarantee, which may cause food safety problems. Subsequently, some of them choose not to provide online take-out service (NTO model in short), while others choose to provide online take-out service by themselves (TOH model in short). As some restaurants leave the online take-out platform, the potential revenue of the platform will also be negatively affected.



Therefore, the following questions are of great practical importance. For online take-out platforms, how to set the commission rate and coordination mechanisms to attract more restaurants and to achieve win-win outcomes are key questions that need to be addressed. For restaurants, how to choose an optimal take-out model according to its own situation is equally important. To address these questions, we model a take-out supply chain with one restaurant and one online take-out platform (platform in short). We first derive the restaurant’s optimal price (dine-in and take-out) and/or platform’s commission rate under the TOF model, NTO model and TOH model. Then, we compare the restaurant’s profit under the three models and analyze the restaurant’s optimal take-out model under decentralization. Subsequently, we derive the optimal decisions of price and take-out model under centralization. By comparing these optimal decisions in the centralized and decentralized situations, we propose a sales reward contract and prove that it can coordinate the price and model choice simultaneously and achieve a win-win outcome.



Our main findings are as follows. First, we derive the optimal commission rate for the take-out platform. Second, the restaurant can benefit from providing the online take-out service only when the incremental demand generated by take-out service is high. In addition, the TOF model is always better than the TOH model under the centralized supply chain. Lastly, we find that the take-out price and the model choice under the centralized situation are not consistent with that under the decentralized situation. To coordinate the supply chain, we then propose a sales reward contract.



This paper makes three major contributions. First, to the best of our knowledge, there is scant literature on online take-out supply chain coordination. It is important that we fill this research gap, as this kind of supply chain structure is common in practice. Second, the existing relevant literature mainly focuses on the price and service effort level decisions of the platform. However, in practice, the commission rate has important effects on the platform and a restaurant’s profits and take-out model choice. This paper not only considers the optimal commission rate decision, but also analyzes the impact of parameters on it. Lastly, although some scholars study the restaurant’s take-out model choice, they mainly analyze whether the restaurants join the platform or not. But in real life, some restaurants provide online sales service through instant messaging software (e.g., QQ, WeChat and Skype) and online payment tools (e.g., Alipay, PayPal and WeChat), and then deliver the food to consumers by themselves. Therefore, we also consider this model when we study a restaurant’s take-out model choice.



The rest of this paper is organized as follows. Section 2 provides a literature review. Section 3 describes the models and notations. Section 4 derives the optimal price and/or commission rate under the three take-out models. Section 5 studies the restaurant’s take-out model choice. Section 6 proposes a sales reward contract which can coordinate the supply chain. Section 7 provides concluding remarks and suggests future research directions.




2. Literature Review


We classify the relevant literature into two streams. The first research stream includes papers on the restaurant industry; The second research stream includes papers on supply chain coordination.



The recently published papers in the first research stream are reviewed as follows. With the rapid development of e-commerce and the popularity of mobile Internet, many restaurants begin to open online sales channels or O2O channels by joining some platforms. Whether to join and how to price after joining has become a major issue for restaurants. Heo [3] studied the impact of joining in group-buying platforms on restaurant profits. Through an empirical study, he found that if restaurants can attract many new patrons by participating in group-buying platforms, they should cooperate with the platform; if many regular patrons shift to discount customers, joining the platform will damage restaurants’ profits. Zheng and Guo [4] further consider a number of competing restaurants and examine the optimal pricing strategy of them. They also find that joining the platform is not always beneficial to the restaurant. They suggest that if the number of offline loyal customers is relatively small, the restaurants can join the platform and provide a discount for the online price. The above studies do not consider the game relationship between the restaurant and the platform.



In practice, the price subsidy will be provided in the initial stage to attract restaurants to join the platform. Xu et al. [5] study online price strategies of a restaurant, as well as the optimal service effort level of a take-out platform and further propose optimal cooperative strategies in different scenarios. Some scholars further analyzed whether restaurants should join the take-out platform. Zhang et al. [2] study the impacts of adding a take-out platform channel on firms’ offline and total sales and profits based on the data of a Chinese fast-food restaurant chain. They find that although joining the platform will hurt offline and total profits in the short run, it improves offline and total sales and profits in the long run. In addition, they also find that joining more take-out platforms is not necessarily conducive to the improvement of a restaurant’s profit. Zhang et al. [6] establish a Stackelberg game model between a take-out platform and a restaurant and study the optimal price subsidy of the platform and/or take-out price of the restaurant under the price subsidy and no price subsidy. By comparing the benefits in different cases, they propose the optimal strategy for the restaurant. In some of the above-mentioned papers, although the game relationship between restaurants and platforms is considered, the decision-making problem of platform commission is not studied. However, in practice, the commission is an important factor to affect the profit of platform and restaurant. This paper studies the commission decision of the platform. Meanwhile, in addition to study whether the restaurant should join the take-out platform, this paper also considers the situation that the restaurant provides online take-out service by itself. In addition, some scholars study the optimization of delivery network [7,8,9], quality of food supply chain [10,11], the purchasing behavior of consumers [12,13], and the recommendation system of take-out platform [14,15].



Papers in the second research stream are related to supply chain coordination. There is a large amount of literature in this field. The most literature mainly focuses on the traditional supply chain structure. In this field, scholars design a variety of contracts to coordinate the supply chain. For example, there are quantity discount contracts [16,17], buyback contracts [18,19], revenue sharing contracts [20,21], and sales rebate contracts [22]. Some scholars study the supply chain coordination under dual-channels (online and offline). Chen et al. [23] find that the manufacturer’s contract with a wholesale price and an online sale price can coordinate the dual-channel supply chain, but does not achieve the win-win situation. They then combine this contract with a complementary agreement to solve the problem. He et al. [24] further consider a unidirectional transshipment policy between the online channel and offline channel and develop a quantity-discount contract to the dual-channel supply chain. Zhu et al. [25] establish a dual-channel supply chain in which the Conditional Value-at-Risk criterion is considered. They design a buyback with a revenue sharing contract to coordinate the dual-channel supply chain. In the above literature, companies set up the online channels by themselves. In reality, most companies establish online channels through online platforms. Zha et al. [26] establish a model where a hotel established an online channel through Ctrip.com (online platform) and propose a cost sharing contract that achieves channel coordination. Different from ordinary online platforms, the take-out platform not only provides online sales service, but also provides delivery service. Meanwhile, in the above literature, the study of supply chain coordination does not consider the mode choice of companies, that is, to join or not to join the platform. In practice, the restaurant has three modes to choose: NTO, TOF and TOH. This paper will study how the take-out platform can coordinate take-out price and model choice simultaneously, i.e., it makes the take-out price and model choice decision of restaurant under both decentralized and centralized situations.




3. The Models and Notations


In this paper, we consider a supply chain with one take-out platform (she) and one restaurant (he). The restaurant provides a single catering product at per unit cost  c . The take-out platform provides the take-out service (online sale and delivery) at per unit cost    c t   . Simultaneously, she charges a delivery fee    c d    from consumers for unit product and a commission from the restaurant based on a certain percentage of turnover  λ .  λ  is also called the commission rate. We assume the demand function is linear in price effects, and then analyze the demands under the NTO, TOF and TOH models.



Case 1: the demand under NTO model.



In this case, the restaurant just provides the dine-in service and sells to dine-in consumers at unit price    p r   . Following Kurata et al. [27] and Hua et al. [28], we assume that the demand functions are linear in self-price effects. Hence, the dine-in demand    q r    under the NTO model is formulated as follows:


   q r  = a −  b r   p r   



(1)







In (1), a represents the base demand.    b r    denotes the coefficient of price elasticity of dine-in demand    q r   .



Case 2: the demand under TOF model.



In this case, the restaurant not only provides the dine-in service, but also provides the take-out service through an online take-out platform. In reality, take-out and dine-in are often applicable to different consumption situations. For example, when consumers order take-out, they often have no time to go to the restaurant or don’t want to go out. Consumers who adopt dine-in often want to enjoy better food and environment, or have extra social needs. Therefore, this paper does not consider the price competition between take-out and dine-in. This is different from the previous studies (e.g., [27,28]), because the restaurant can reach more potential consumers through the platform, and the base demand increases from  a  to     a + s    , where  s  denotes the incremental demand. In addition, consumers need to pay a delivery fee    c d    for ordering meals through the take-out platform, so we further consider the impact of delivery fee on demand in our model. We then use    p r j    and    p e j    to denote the dine-in price and take-out price under the TOF model, respectively. The dine-in demand    q r j    and take-out demand    q e j    under TOF model are formulated as follows:


   q r j  =   1 − θ     a + s   −  b r   p r j   



(2)






   q e j  = θ   a + s   −  b e   p e j  −  b e   c d   



(3)







In (2) and (3),  θ  (  0 ≤ θ ≤ 1  ) and     1 − θ     denote the percentage of the base demand divided by take-out and dine-in when    p e j    and    p r j    are zero.  θ  can also be used to measure the preference degree of take-out.    b e    denotes the coefficient of price and delivery fee elasticity of dine-in demand    q e j   .



Case 3: the demand under TOH model.



In this case, the restaurant provides the take-out service by itself. Because the restaurant lacks the support of platform traffic, his incremental demand drops to βs (  0 ≤ β ≤ 1  ), where  β  denotes the consumer’s retention rate. In real life, if the restaurant distributes take-out by itself, consumers generally do not need to pay the delivery fee. Therefore, in the TOH model, we do not need to consider the impact of delivery fees on demand. We then use    p r i    and    p e i    to denote the dine-in price and take-out price under TOH model, respectively. The dine-in demand    q r i    and take-out demand    q e i    under the TOH model is formulated as follows:


   q r i  =   1 − θ     a + β s   −  b r   p r i   



(4)






   q e i  = θ   a + β s   −  b e   p e i   



(5)








4. Price and/or Commission Rate Decision


To analyze which model is better for the restaurant, we need to obtain the restaurant’s profit under a different model. To this end, in this section, we will study how the restaurant and/or the take-out platform decide the price and commission rate, respectively, to maximize their own profits.



4.1. The NTO Model


In this scenario, the restaurant decides the dine-in price to maximize its own profits. The retailer’s profit, denoted as    Π R   , is determined by


   Π R  =    p r  − c     a −  b r   p r     



(6)







In (6),      p r  − c     denotes the restaurant’s margin.     a −  b r   p r      denotes the dine-in demand of restaurant.



Taking the first-order and second-order conditions of Equation (6) with respect to    p r   :


    d  Π R    d  p r    = a − 2  b r   p r  +  b r  c  



(7)






     d 2   Π R    d  p r 2    = − 2  b r  < 0  



(8)







From (7) and (8), we then can obtain the following proposition:



Proposition 1.

Under the NTO model, the restaurant’s profit is concave in    p r   , the optimal dine-in price    p r *    is given by


    p r *  =   a +  b r  c   2  b r      



(9)









Substituting    p r *    into (6), we then obtain the maximal profit of the restaurant    Π R *    under NTO model


   Π R *  =       a −  b r  c   2  b r       2   



(10)








4.2. The TOF Model


In this scenario, the take-out platform, as Stackelberg leader, decides the commission rate  λ  first, and then the restaurant as the follower determines dine-in price and take-out price. By backward induction, we first analyze the restaurant’s best response, and then study the platform’s commission rate decision.



Stage 1: Restaurant’s best response.



In this subsection, the restaurant will decide the best response to a commission rate to maximize its own profits. The restaurant’s profit, denoted as    Π R j   , is determined by


   Π R j  =    p r j  − c       1 − θ     a + s   −  b r   p r j    +     1 − λ    p e j  − c     θ   a + s   −  b e   p e j  −  b e   c d     



(11)







In (11), the first and second terms denote the profit of dine-in and take-out, respectively. We then can get the restaurant’s best response


   p r j  =     1 − θ     a + s   +  b r  c   2  b r     



(12)






   p e j  =   θ   a + s   −  b e   c d    2  b e    +  c  2   1 − λ      



(13)







Stage 2: Take-out platform’s commission rate decision.



The take-out platform’s profit, denoted as    Π f j   , is determined by


   Π f j  = λ  p e j    θ   a + s   −  b e   p e j  −  b e   c d    +  c d    θ   a + s   −  b e   p e j  −  b e   c d    −  c t    θ   a + s   −  b e   p e j  −  b e   c d     



(14)







In (14), the first term denotes the platform’s revenue from the restaurant’s commission, the second term denotes the platform’s revenue from the consumer’s delivery fee, and the last term denotes the total take-out service cost.    c t    denotes the unit take-out service cost, specifically including the platform’s operating cost and delivery cost. Substituting (13) into (14) and simplifying, we can obtain


   Π f j  =   λ     θ   a + s   −  b e   c d    2  b e    +  c  2   1 − λ       +  c d  −  c t        θ   a + s   −  b e   c d   2  −    b e  c   2   1 − λ        



(15)







From (15), we can obtain the following proposition. For clarity, all the proof is provided in the Appendix A.



Proposition 2.

Under the TOF model, the take-out platform’s profit is quasi-concave in  λ , the optimal commission rate    λ *    is given by


   λ *  = 1 −   A +    A 2  +       A   c + 2    c t  −  c d        3 c      3     3  −   A −    A 2  +       A   c + 2    c t  −  c d        3 c      3     3   



(16)




where   A =    b e 2   c 2        θ   a + s   −  b e   c d     2     .





For clarity, all proofs, if not provided in the main text, are detailed in the Appendix A. Proposition 2 implies that the restaurant will only benefit from the increase of the commission rate if it is accompanied by additional revenues that more than compensate for the commission cost. The main reason is that the increased commission rate will prompt the restaurant to increase the take-out price, which will reduce the take-out demand.



We next study how system parameters (  θ ,   s ,    c t  ,    c d   ) impact the optimal commission rate. However, the expression of the commission rate is too complex. Thus, we conduct numerical studies to show the results, which are depicted in Figure 1. In the numerical studies of this paper, if not specified otherwise, the parameter values are:   a = 1000  ,   θ = 0.35  ,   s = 600  ,    b r  = 4  ,    b e  = 6  ,   β = 0.6  ,    c o  = 10  ,    c t  = 5  ,    c d  = 3   and   c = 30  . In practice, the platform or restaurant generally provides take-out service through the online mode, so it is easy for consumers to compare prices with other take-out prices. Therefore, the demand price elasticity of take-out    b e    is generally greater than that of dine-in    b r   . Based on it, we set    b e  = 6 >  b r  = 4  . According to a financial report by Meituan, the delivery fee charged by Meituan to its customers does not cover wages paid to delivery staff. Hence, we set    c d  = 3 <  c t  = 5  . In addition, based on the assumptions of this paper, we set   0 ≤ θ = 0.35 ≤ 1   and    c o  = 10 >  c t  = 5  .



Observation 1.

The commission rate    λ *    increases in the preference degree of take-out  θ  and incremental demand  s , and decreases in the take-out service cost of platform    c t    and the delivery fee    c d   .





The higher preference degree of take-out and incremental demand means that the restaurant can get higher revenues through take-out. Therefore, the take-out platform will also set a higher commission rate to share this part of the revenue. From (3) and (13), we can find that both commission rate and delivery fee have a negative impact on the take-out demand. Hence, the optimal commission rate will decrease as delivery fee increases. In practice, the take-out platforms provide take-out services for many restaurants and charge commissions at the same rate. However, different types of restaurants have different degrees of preference for take-out and incremental demand. From Proposition 2 and Observation 1, we know that the same commission rate for all restaurants is not a good strategy. The platform should set different commission rates according to the actual situation of different restaurants. For example, in the initial stage of joining the platform, due to the lack of historical sales and consumer reviews, this restaurant’s ranking on the platform search page is generally lower, which will lead to a lower incremental demand. In this case, the platform should set a lower commission rate. Generally, consumers are more acceptable of hamburger or pizza take-out than hotpot take-out. Therefore, the commission rate of a burger or pizza restaurant can be higher than that of a hotpot restaurant.



Substituting (16) into (13), we can obtain the following proposition:



Proposition 3.

Under the TOF model, the restaurant’s optimal dine-in price    p r  j *     and take-out price is    p e  j *     are given by


    p r  j *   =     1 − θ     a + s   +  b r  c   2  b r      



(17)






    p e  j *   =   θ   a + s   −  b d   c d    2  b e    +  c  2     A +    A 2  +       A   c + 2    c t  −  c d        3 c      3     3  +   A −    A 2  +       A   c + 2    c t  −  c d        3 c      3     3        



(18)









Substituting    p r  j *    ,    p e  j *     and    λ *    into (11) and (15), we then obtain the maximal profit of the restaurant and take-out platform under TOF model.


   Π R  j *   =         1 − θ     a + s   −  b r  c   2  b r       2  +         1 −  λ *    θ   a + s   −   1 −  λ *     b e   c d  −  b e  c    2    4  b e    1 −  λ *       



(19)






   Π f  j *   =    λ *      θ   a + s   −  b e   c d    2  b e    +  c  2   1 −  λ *        +  c d  −  c t        θ   a + s   −  b e   c d   2  −    b e  c   2   1 −  λ *         



(20)







We then study the how system parameter (  θ ,   s ,    c t  ,    c d   ) impact the take-out platform’s profit. We conduct numerical studies and plot the results in Figure 2.



Observation 2.

The preference degree of take-out  θ , incremental demand  s , delivery fee    c d    and take-out service cost of platform    c t    affects the take-out platform’s profit    Π f  j *     as follows:




	(1) 

	
The take-out platform’s profit    Π f  j *     increases in the preference degree of take-out  θ  and incremental demand  s , and deceases in the take-out service cost of platform    c t   .




	(2) 

	
The take-out platform’s profit    Π f  j *     is concave in the delivery fee    c d   .











Observation 2 implies that the take-out platform can increase its profit by increasing the preference degree of take-out and incremental demand and decreasing the take-out service cost of the platform. In practice, the preference degree of take-out of consumers mainly depends on the delivery speed and food quality. The platform can improve the delivery speed by optimizing the delivery task allocation and delivery path. The improvement of delivery speed can not only shorten the delivery time, but also reduce the difference in taste between take-out food and dine-in food, which will help to enhance the preference degree of take-out. The production process of take-out is not visible, and compared to dine-in, it also needs to be packaged and delivered, so some consumers are worried about the take-out food’s quality. Therefore, the platform should strengthen the supervision of food quality throughout the entire process.



At present, due to the delivery cost, the delivery range provided by the take-out platform for restaurants is generally within 3 km. Expanding delivery range is the key to increase incremental demand. Simultaneously, the delivery cost is also the main expenditure of the platform. For example, in 2020, Meituan’s delivery cost accounted for 74.8% of its total revenue. Therefore, reducing delivery cost is the key to increasing incremental demand and reducing the service cost of a platform. In addition to optimizing the delivery task allocation and delivery path, increasing the delivery scale and the delivery density are two main ways to reduce delivery cost. Therefore, the platform should open her delivery system to provide delivery service for more non-restaurant enterprises. In addition, different take-out platforms should strengthen cooperation and try to carry out joint delivery.



From Observation 2, we also find that either charging a higher or lower delivery fee is not a good choice for the platform. The main reason is that the lower delivery fee reduces the unit income, while the higher delivery fee greatly reduces the demand. Therefore, only moderate delivery fees benefit the platform.




4.3. The TOH Model


In this scenario, the restaurant decides the dine-in price and take-out price to maximize its own profits simultaneously. We use    c o    to denote the take-out service cost of the restaurant. Generally, the scale and specialization of the take-out platform is higher than those of the restaurant, so we assume    c o  >  c t   . The restaurant’s profit, denoted as    Π R i   , is determined by


   Π R i  =    p r i  − c       1 − θ     a + β s   −  b r   p r i    +    p e i  +  c d  − c −  c o      θ   a + β s   −  b e   p e i  −  b e   c d     



(21)







In (21), the first term denotes the restaurant’s revenue from the consumer’s dine-in demand, the second term denotes the restaurant’s revenue from the consumer’s take-out demand.



From (21), we can then obtain the following proposition:



Proposition 4.

Under the TOH model, the restaurant’s profit is jointly concave in   (  p r i  ,    p e i  )  , and the optimal dine-in price    p r  i *     and take-out price    p e  i *     are given by


    p r  i *   =     1 − θ     a + β s   +  b r  c   2  b r      



(22)






    p e  i *   =   θ   a + β s   +  b e    c +  c o    − 2  b e   c d    2  b e      



(23)







Substituting    p r  i *     and    p e  i *     into (21), we then obtain the maximal profit of the restaurant    Π R  i *     under the TOH model.


   Π R  i *   =         1 − θ     a + β s   −  b r  c   2  b r       2  +       θ   a + β s   −  b e    c +  c o      2  b e       2   



(24)











5. The Take-Out Model Choice


In this section, we focus on the main research questions of this paper: how does the restaurant choose the take-out model? Therefore, we need to compare the restaurant’s profit among the NTO model, TOF model and TOH model. To this end, we first compare the profit between the NTO model and the TOH model. We then have the following proposition.



Proposition 5.

When   s ≥   D +    D 2  − 4 B  b e 2  [  b r 2   c 2  +  b r 2      c +  c o     2  −     a −  b r  c    2  ]   − 2 B a   2 B β    , the restaurant’s profit under the TOH model is higher than that under the NTO model, where   B =     1 − θ    2   b e 2  +  θ 2   b r 2    and   D = 2  b e   b r     b e  c   1 − θ   +  b r    c +  c o    θ    .





Proposition 5 implies that when the incremental demand brought by take-out is large, the TOH model is better than the NTO model. Otherwise, the NTO mode is a better choice for the restaurant. The main reason is that the take-out service is a double-edged sword for the restaurant. On the one hand, the take-out service increases the total base demand, which will help increase the restaurant’s profit. On the other hand, the take-out service transforms a part of the original dine-in consumption into take-out consumption. The take-out service requires an additional service cost, such as a delivery fee. As a result, the service cost to the consumers increases, which leads to lower profits for the restaurant. If the take-out service adds more demand to the restaurant, the former plays a greater role than the latter so that the retailer’s profit increases. Otherwise, the latter will dominate. The restaurant’ profit function under the TOF model is too complicated. Thus, we also conduct numerical studies to compare the results. Our results are depicted in Figure 3.



Observation 3.

The preference degree of take-out  θ , incremental demand   s   and retention rate  β  affect the restaurant’s optimal model choice as follows: 




	(1) 

	
When the preference degree of take-out  θ  is low, the restaurant’s optimal model choice is TOF. Conversely, the NTO model is the better choice.




	(2) 

	
When the incremental demand  s  is high, the restaurant’s optimal model choice is TOF. Conversely, the NTO model is the better choice.




	(3) 

	
When the retention rate  β  is high, the restaurant’s optimal model choice is TOH. Conversely, the TOF model is the better choice.











The increased preference degree of take-out means that if the take-out service is provided, some dine-in consumption will transform into take-out consumption. Under this condition, the average unit cost will increase, which will lead to a decline in restaurant profits under the TOF and TOH model. Similar to the analysis of Proposition 5, when the incremental demand is low, the increased revenue cannot compensate for the increased cost, so the NTO mode is the best choice for restaurants.



From Figure 3a, we find that when the preference degree of take-out is lower, the restaurant’s profit under the TOF model is higher than that under the TOH model. Compared with the TOF model, the advantage of the TOH model is that the restaurant does not need to pay commissions to the take-out platform, i.e., it does not need to share the take-out revenue with the take-out platform. The disadvantage of the TOH model is that the promotion ability is weaker than the take-out platform, i.e., incremental demand under the TOH mode is lower than that under the TOF model. When the preference degree of take-out is lower, more consumers who search for the restaurant through the take-out platform chooses dine-in, i.e., more traffic from the take-out platform is transferred to dine-in. The dine-in revenue does not need to pay commission, and the incremental demand under the TOF model is higher, so the restaurant should choose the TOF mode under this condition. When the preference degree of take-out is higher, the take-out revenue accounts for a larger proportion of the restaurant’s total revenue. In addition, from Observation 1, we know that the commission rate also increases with the preference degree of take-out. It means that a large part of the restaurant’s revenue will be transferred to the take-out platform as a commission fee. Therefore, under this condition, the restaurant’s profit under the TOH model is higher than that under TOF model.



From Observation 1, we know that the commission rate increases as the incremental demand increases. It means that when the incremental demand is higher, the restaurant needs to pay a higher commission under the TOF model. Therefore, the take-out revenue under the TOH model will be higher than that under the TOF model. However, the higher incremental demand also brings higher dine-in consumption. Due to higher incremental demand under the TOF model, the dine-in revenue under the TOF model will be higher than that under the TOH model. When the incremental demand is higher, the latter plays a greater role than the former so that the restaurant should adopt the TOF model.



From Figure 3b, we find that when the consumer’s retention rate is higher, the restaurant’s profit under the TOH model is higher than that under the TOF model. Higher consumer retention rate means that when the restaurant leaves the platform to provide take-out service on its own, the loss of demand is not large. Simultaneously, the restaurant does not need to pay any commission. Therefore, under this condition, the TOH model is a better choice.




6. The Price and Model Choice Coordination


In this section, we mainly focus on these questions: From the perspective of a centralized supply chain, what is the optimal price and model choice decision? For the take-out platform, how do we establish a coordination mechanism to make the decisions under the decentralized supply chain consistent with those under the centralized supply chain?



In the centralized supply chain, the purpose of price and model choice decisions are to maximize the entire supply chain’s profit. For clarity, we add superscript     ( )  k    to the notation. Hence, for benchmark purposes, we first derive the supply chain’s total profit    Π T k    as follows:


   Π T k  =    p r k  − c       1 − θ     a + s   −  b r   p r k    +    p e k  +  c d  − c −  c t      θ   a + s   −  b e   p e k  −  b e   c d     



(25)







In (25), the first and second terms denote the profit of dine-in and take-out, respectively. From (25), we then can obtain the following proposition:



Proposition 6.

Under the centralized supply chain and TOF model, the supply chain is jointly concave in   (  p r k  ,    p e k  )  , the optimal dine-in price    p r  k *     and the take-out price    p e  k *     are given by


    p r  k *   =     1 − θ     a + s   +  b r  c   2  b r      



(26)






    p e  k *   =   θ   a + s   +  b e    c +  c t    − 2  b e   c d    2  b e      



(27)







Comparing (27) and (18), we find that the take-out price under a centralized supply chain is not consistent with the price under the decentralized. The take-out platform charges the commission, which causes the double-marginal effect. This is the main reason for the price difference.





Substituting    p r  k *     and    p e  k *     into (25), we then obtain the maximal profit of the supply chain    Π T  k *     under the TOF model.


   Π T  k *   =         1 − θ     a + s   −  b r  c   2  b r       2  +       θ   a + s   −  b e    c +  c t      2  b e       2   



(28)







Comparing the results in (28) and (24), we find that the profit of the centralized supply chain under the TOF model is always higher than the restaurant’s profit under the TOH model. It means that from the perspective of the centralized supply chain, the TOF model is better than the TOH model. The main reason is that there is no commission under the centralized supply chain and TOF model. Meanwhile, the incremental demand and take-out service cost under the TOF model is lower than that under the TOH model. Therefore, we just need to compare the TOF model and NTO model. Comparing (28) and (10), we can get the following proposition:



Proposition 7.

Under the centralized supply chain, if   s ≥   E +    E 2  − 4 A  b e 2  [  b r 2   c 2  +  b r 2      c +  c t     2  −     a −  b r  c    2  ]   − 2 B a   2 B    , the optimal model choice of supply chain is the TOF. Otherwise, the NTO model is better for the supply chain. Where   E = 2  b e   b r     b e  c   1 − θ   +  b r    c +  c t    θ    .





Comparing Propositions 5 and 7, we can find that the optimal model choice under the centralized model is also not consistent with that under the decentralized one. We then can easily check that


       E +    E 2  − 4 A  b e 2  [  b r 2   c 2  +  b r 2      c +  c t     2  −     a −  b r  c    2  ]   − 2 B a   2 B        ≤   D +    D 2  − 4 B  b e 2  [  b r 2   c 2  +  b r 2      c +  c o     2  −     a −  b r  c    2  ]   − 2 B a   2 B β       



(29)







Based on (29), Propositions 5 and 7, we can draw a comparison figure of model choice, which is shown in Figure 4.



To achieve coordination, we design a sales reward contract. Under this contract, the take-out platform sets up a sales target for the restaurant. If the restaurant’s take-out sales (turnover, i.e.,    p e   q e   ) are beyond the target, the platform will give the retailer a rebate,  G . In order to ensure that the price decision under the decentralized model is consistent with that under the centralized model, the sales target should be set as    p e  k *    q e  k *    .


   p e  k *    q e  k *   =    θ 2      a + s    2  −  b e 2      c +  c t     2  − 2  b e   c d    θ   a + s   −  b e    c +  c t        4  b e     



(30)







In practice, the platform and restaurant are willing to accept the coordination mechanism only when it can benefit all of them. Hence, an appropriate rebate  G  should be adopted to ensure that everyone’s expected profit can improve under the sales reward contract. We next analyze the value range of the rebate  G .



Case 1:   l ≤ s ≤ h  .



In this case, if    Π R  j *   ≥  Π R *   , the restaurant will adopt the TOF model under the decentralized scenario. Under this condition, the restaurant’s optimal profit is equal to    Π R  j *    , and the platform’s optimal profit is equal to    Π f  j *    . In order to ensure that the platform and restaurant accept this sales reward contract, the rebate G needs to meet the following conditions


   Π R j     p r  k *   ,  p e  k *   ,  λ *    + G ≥  Π R  j *    



(31)






   Π f j     p r  k *   ,  p e  k *   ,  λ *    − G ≥  Π f  j *    



(32)







If    Π R  j *   <  Π R *   , the restaurant will adopt the NTO model under the decentralized scenario. Under this condition, the restaurant’s optimal profit is equal to    Π R *   , and the platform’s optimal profit is equal to zero. To ensure that both of them can accept this contract, the rebate  G  needs to meet the following conditions


   Π R j     p r  k *   ,  p e  k *   ,  λ *    + G ≥  Π R *   



(33)






   Π f j     p r  k *   ,  p e  k *   ,  λ *    − G ≥ 0  



(34)







Case 2:   s > h  .



If    Π R  j *   ≥  Π R  i *    , the restaurant will adopt the TOF model under the decentralized scenario. Under this condition, the restaurant’s optimal profit is equal to    Π R  j *    , and the platform’s optimal profit is equal to    Π f  j *    . To ensure that both of them can accept this contract, the rebate  G  needs to satisfy (31) and (32).



If    Π R  j *   <  Π R  i *    , the restaurant will adopt the TOH model under decentralized. Under this condition, the restaurant’s optimal profit is equal to    Π R  i *    , and the platform’s optimal profit is equal to zero. To ensure that both of them can accept this contract, the rebate  G  needs to meet the following conditions


   Π R j     p r  k *   ,  p e  k *   ,  λ *    + G ≥  Π R  i *    



(35)






   Π f j     p r  k *   ,  p e  k *   ,  λ *    − G ≥ 0  



(36)







To sum up, we can get the following Proposition:



Proposition 8.

The take-out platform can provide the retailer with a rebate: a reward of  G  for the retailer’s take-out turnover (   p e   q e   ) above      θ 2      a + s    2  −  b e 2      c +  c t     2  − 2  b e   c d    θ   a + s   −  b e    c +  c t        4  b e     , which can make the price decision and model choice under the decentralized supply chains consistent with that under the centralized supply chains. The value range of  G  is as follows:




	(1) 

	
When   l ≤ s ≤ h  ,   G ∈    Π R  j *   −  Π R j     p r  k *   ,  p e  k *   ,  λ *    ,    Π f j     p r  k *   ,  p e  k *   ,  λ *    −  Π f  j *       if    Π R  j *   ≥  Π R *   , and   G ∈    Π R *  −  Π R j     p r  k *   ,  p e  k *   ,  λ *    ,    Π f j     p r  k *   ,  p e  k *   ,  λ *        if    Π R  j *   <  Π R *   .




	(2) 

	
When   s > h  ,   G ∈    Π R  j *   −  Π R j     p r  k *   ,  p e  k *   ,  λ *    ,    Π f j     p r  k *   ,  p e  k *   ,  λ *    −  Π f  j *       if    Π R  j *   ≥  Π R  i *    , and   G ∈    Π R  i *   −  Π R j     p r  k *   ,  p e  k *   ,  λ *    ,    Π f j     p r  k *   ,  p e  k *   ,  λ *        if    Π R  j *   <  Π R  i *    .











Proposition 8 implies that both the restaurant and the take-out platform will be happy to enter this sales reward contract when the take-out platform chooses a proper rebate  G .




7. Conclusions


In this paper, we study the take-out model choice and the coordination of an online take-out supply chain. To this end, we model a supply chain with one restaurant and one platform. We then derive the optimal decisions of the price and/or commission rate under each of the three possible take-out models: the TOF model, NTO model and the TOH model. By comparing the restaurant’s profit under these models, we find that under the decentralized supply chain, the restaurant should adopt the NTO model if the incremental demand is low; otherwise, the TOF model and TOH model are better choices. Next, we conduct numerical studies to further compare the restaurant’s profit under TOF and TOH, and find that when the incremental demand is high, the restaurant’s optimal model choice is TOH only if the retention rate is high. Subsequently, we derive the optimal decisions of price and take-out model under centralization. We find that the TOF model is always better than the TOH model. From the perspective of a supply chain, when the incremental demand is high, the restaurant should choose the TOF model; otherwise, the NTO model is better. Lastly, by comparing centralization with decentralization, we propose a sales reward contract and prove that it can coordinate the take-out supply chain.



Furthermore, our study provides some managerial insights. First, the restaurant may not always benefit from continuously increasing the commission rate. Second, as the preference degree of take-out and incremental demand increases or the take-out service cost of the platform deceases, the platform can increase the commission rate. Lastly, charging a higher or lower delivery fee from consumers will have a negative impact on the profit of the platform.



There are a few interesting topics for further research. First, in this paper, we do not consider competition between restaurants or platforms. Therefore, how competition affects price decisions, commission rate decisions, take-out model choices and coordinating mechanism design are worthy of future investigation. Second, this paper considers a single-period setting. However, in practice, the take-out price and commission rate are often set dynamically, which can also be a future research direction. Third, in the model of this paper, we consider a deterministic demand function. However, in business practice, the demand is often uncertain. Hence, modeling this more realistic but complicated setting is a worthwhile research direction. Lastly, in this paper, we assume that the delivery service is provided by the platform. In reality, there are also some third-party logistics companies that provide delivery services. Research opportunities abound in this supply chain which consists of restaurant, platform and logistics service providers.
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Appendix A


Proof of Proposition 2.

The second-order conditions of    Π R j    with respect to    p r j    and    p e j   , respectively, are


     ∂ 2   Π R j    ∂  p r  j 2     = − 2  b r  < 0  



(A1)






     ∂ 2   Π R j    ∂  p r  j 2     = − 2  b e  < 0  



(A2)







Based (A1) and (A2), we can get the restaurant’s best response by taking the first-order conditions.



The first- and second-order conditions of    Π R j    with respect to    p r j    and    p e j   , respectively, are


       d  Π f j    d λ   =     θ   a + s   −  b e   c d    2  b e    +  c  2   1 − λ     +   λ c   2     1 − λ    2          θ   a + s   −  b e   c d   2  −    b e  c   2   1 − λ            −   λ     θ   a + s   −  b e   c d    2  b e    +  c  2   1 − λ       +  c d  −  c t       b e  c   2     1 − λ    2        



(A3)






        d 2   Π f j     d 2  λ   =    c      1 − λ    2    +   λ c       1 − λ    3          θ   a + s   −  b d   c d   2  −    b e  c   2   1 − λ       −     θ   a + s   −  b e   c d    2  b e    +  c  2   1 − λ     +   λ c   2     1 − λ    2         b e  c       1 − λ    2         −   λ     θ   a + s   −  b e   c d    2  b e    +  c  2   1 − λ       +  c d  −  c t       b e  c       1 − λ    3        



(A4)







Substituting     d  Π f j    d λ   = 0   into (A4), we can get


        d 2   Π f     d 2  λ   =    c    1 − λ     +   λ c       1 − λ    2          θ   a + s   −  b d   c d   1  −    b e  c     1 − λ            −     θ   a + s   −  b d   c d     b e    +  c    1 − λ     +   λ c       1 − λ    2        θ   a + s   −  b d   c d   1  < 0     



(A5)







From (A5), we can obtain that    Π f j    is quasi-concave in  λ  and the unique optimal    λ *    should satisfy the first-order condition. Hence, we can get the proposition. □





Proof of Proposition 5.



    Π R  i *   −  Π R *  =         1 − θ     a + β s   −  b r  c   2  b r       2  +       θ   a + β s   −  b e    c +  c o      2  b e       2  −       a −  b r  c   2  b r       2    



(A6)







By rearranging, we can get that when    Π R  i *   >  Π R *   , the following inequality must be satisfied


         1 − θ    2   b e 2      a + β s    2  +  b e 2   b r 2   c 2  − 2  b e 2   b r  c   1 − θ     a + β s   +  θ 2   b r 2      a + β s    2  +  b e 2   b r 2      c +  c o     2       − 2  b e   b r 2    c +  c o    θ   a + β s   −     a −  b r  c    2   b e 2  > 0     



(A7)







We then can get that when   s ≥   D +    D 2  − 4 B  b e 2  [  b r 2   c 2  +  b r 2      c +  c o     2  −     a −  b r  c    2  ]   − 2 B a   2 B β    ,    Π R  i *   ≥  Π R *   . □





Proof of Proposition 7.



    Π R  k *   −  Π R *  =         1 − θ     a + s   −  b r  c   2  b r       2  +       θ   a + s   −  b e    c +  c t      2  b e       2  −       a −  b r  c   2  b r       2    



(A8)







By rearranging, we can get that when    Π R  i *   >  Π R *   , the following inequality must be satisfied


         1 − θ    2   b e 2      a + s    2  +  b e 2   b r 2   c 2  − 2  b e 2   b r  c   1 − θ     a + s   +  θ 2   b r 2      a + s    2  +  b e 2   b r 2      c +  c t     2       − 2  b e   b r 2    c +  c t    θ   a + s   −     a −  b r  c    2   b e 2  > 0     



(A9)







We then can get that when   s ≥   E +    E 2  − 4 A  b e 2  [  b r 2   c 2  +  b r 2      c +  c t     2  −     a −  b r  c    2  ]   − 2 B a   2 B    ,    Π R  j *   ≥  Π R *   . □
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Figure 1. The impacts of system parameter on the commission rate    λ *   . (a) The impact of  θ  on the commission rate. (b) The impact of  s  on the commission rate. (c) The impact of    c t    on the commission rate. (d) The impact of    c d    on the commission rate. 
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Figure 2. The impacts of system parameter on the take-out platform’s profit    Π f  j *    . (a) The impact of  θ  on the platform’s profit. (b) The impact of  s  on the platform’s profit. (c) The impact of    c t    on the platform’s profit. (d) The impact of    c d    on the platform’s profit. 
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Figure 3. The impacts of system parameter on the model choice. (a) The impact of  θ  on the model choice. (b) The impact of  β  on the model choice. (c) The impact of  s  on the model choice. 
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Figure 4. The comparison of mode choice between Decentralized and Centralized. (where   h =   D +    D 2  − 4 B  b e 2  [  b r 2   c 2  +  b r 2      c +  c o     2  −     a −  b r  c    2  ]   − 2 B a   2 B β     and   l =   E +    E 2  − 4 A  b e 2  [  b r 2   c 2  +  b r 2      c +  c t     2  −     a −  b r  c    2  ]   − 2 B a   2 B    ). 
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