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a b s t r a c t 

In this paper, we examine which of an agency selling or a wholesale contract offered by an e-commerce 

platform competing suppliers with typical dual-channel supply chains should adopt, where the products 

are not differentiated between a direct channel and an indirect platform channel, as in the case of dig- 

ital goods. Specifically, we consider the situation in which each of two competing suppliers chooses its 

distribution strategy regarding whether it sells via a direct channel and/or an indirect channel via the 

platform. In addition, a supplier also chooses an agency selling contract or a wholesale contract if selling 

via the platform. Constructing and solving a game-theoretic model, we derive the primary result that, 

in equilibrium, one supplier sells products only via the direct channel, while the other supplier sells via 

both the direct channel and the platform channel through adopting a wholesale contract, even given the 

assumption of symmetric suppliers. This finding yields the managerial implication that a supplier selling 

products of the same quality between direct and platform channels in a competitive environment should 

not adopt agency selling but instead a regular wholesale contract when selling via a platform. Moreover, 

this finding reverses the conventional insight from existing models in previous studies that at least one 

competing supplier always adopts an agency contract when the suppliers are without their own direct 

sales channels. 

© 2023 The Author(s). Published by Elsevier B.V. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Currently, a wide variety of products ranging from techno- 

ogically advanced industrial products to daily necessities includ- 

ng food and groceries are sold through online e-commerce plat- 

orms worldwide. Consequently, platform companies have expe- 

ienced tremendous growth over the past decade. For example, 

mazon announced that its net sales for 2020 increased 37.6% 

o $386 billion, compared with $281 billion in 2019. Reflecting 

he development of these e-commerce platforms, the US Depart- 

ent of Commerce has documented that online retail sales in the 

S were $791.7 billion in 2020, accounting for 14% of all retail 

ales in the US. 1 Likewise, in China, where the development of 

-commerce has been especially rapid, online retail sales reached 

1.76 trillion yuan in 2020, accounting for some 30% of total retail 
E-mail address: kmatsui@b.kobe-u.ac.jp 
1 https://www2.census.gov/retail/releases/historical/ecomm/20q4.pdf . 
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ales. 2 Accordingly, manufacturers increasingly regard these online 

-commerce platforms as one of their essential sales channels. 

While online retailers have typically played the role of sim- 

le resellers in the past, the rapid adoption of online shopping 

y consumers has induced major platform companies, including 

mazon in the US, Taobao in China, and Flipkart in India, to in- 

roduce a sales format known as marketplace in addition to their 

raditional reseller format. Accordingly, when selling products or 

ervices through an online platform, a supplier needs to select 

etween a wholesale contract or an agency contract, depending 

n whether the supplier wishes to sell products wholesale to the 

latform or use its marketplace. The essential difference between 

he two contracts is who has the right to determine the retail 

rice. With the wholesale contract, while a supplier determines the 

holesale price of its products, the platform company determines 

he retail price. Conversely, the retail price decision is delegated to 

he supplier in the agency contract, such that the supplier directly 

etermines the retail price of its products based on the revenue- 
2 https://ecommercetochina.com/china- e- commerce- growth- strategy . 
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haring rules as determined by the royalty rates and commission 

ees set by the platform. A major benefit of agency selling to the 

upply chain is that it resolves the problem of double marginaliza- 

ion, unlike a wholesale contract, and thereby prevents a reduction 

n the transaction quantity. 

Whereas this advantage has induced many manufacturers 

o adopt agency contracts when selling their products via e- 

ommerce platforms, other manufacturers refuse. For example, in 

igital industries such as music, regular reselling remains the dom- 

nant selling format, with most record labels and artists hav- 

ng resale agreements with online music stores such as Spotify, 

Tunes, and AliMusic ( Abhishek, Jerath & Zhang, 2016 ; Pu, Sun 

 Shao, 2020 ). Moreover, the marketplace channel has not been 

ccepted by several e-commerce companies in other industries, 

ncluding Everlane, an e-commerce fashion company in the US; 

ANCL, China’s fourth-largest e-commerce apparel company; and 

MEI, China’s largest cosmetics platform ( Yan, Zhao & Liu, 2018 ). 

While the choice between agency and wholesale contracts has 

ecome an important issue for suppliers, a new factor has re- 

ently emerged that suppliers using platforms as their sales chan- 

els must consider when choosing the type of contract. That is, re- 

ent information technology (IT) developments have made it eas- 

er for manufacturing companies to open their own e-commerce 

ales channels, enabling them to sell their products directly to end- 

onsumers without intermediation via a third-party platform. For 

xample, Shopify, which is a Canadian company providing suppli- 

rs with technology services to construct their e-commerce plat- 

orm for direct sales at low cost, has recently become available to 

anufacturers. This is now used by many well-known companies 

n a variety of industries, including food and beverages (Anheuser- 

usch LLC, Nestlé S.A.), household products (Procter and Gamble), 

nd publishers (HarperCollins, Penguin Books) ( Hamamura & Zen- 

yo, 2021 ). Major publishers, such as HarperCollins and Penguin 

ooks, use Shopify as well as through external platforms such as 

mazon and Kindle to sell both printed and electronic books di- 

ectly to consumers. Even without these new IT services, major 

anufacturing companies in other industries, including personal 

omputers, apparel products, and cosmetics, have long had their e- 

ommerce channels for selling products directly to end-consumers 

e.g., Hewlett-Packard, IBM, Nike, Estee Lauder) ( Tsay & Agrawal, 

004 ). This use of both an own direct sales channel and an indirect

hannel by a manufacturer is usually referred to as a dual-channel 

upply chain . 

Given that these dual-channel supply chains are now used 

y many suppliers, this paper investigates which of a wholesale 

ontract or an agency contract offered by an e-commerce plat- 

orm competing suppliers with typical dual-channel supply chains 

hould choose, where products are not differentiated between a 

irect channel and an indirect platform channel, as in the case 

f digital goods. Specifically, we consider the situation in which 

ach of two competing suppliers chooses its distribution strategy 

egarding whether to sell via a direct channel and/or an indirect 

hannel via a platform. In addition, we consider whether a supplier 

hooses an agency selling contract or a wholesale contract when 

elling via the platform. Constructing and solving a game-theoretic 

odel, we derive the primary result that, in equilibrium, one sup- 

lier sells products only via the direct channel, while the other 

upplier sells via both the direct channel and the platform chan- 

el by adopting the wholesale contract, even given the assumption 

f symmetric suppliers. 3 
3 Note that because we assume the existence of two suppliers in our model, there 

rise two equilibria in total, in which one of the suppliers sells via the direct chan- 

el only and the other sells via both the direct channel and the platform channel 

y adopting the wholesale contract, and vice versa. That is, the two decisions are 

nterchangeable between the two suppliers. See Section 4 for details. 
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The key finding from our model is that if there is no differ- 

ntiation between channels, and therefore consumers perceive the 

irect and platform channels as substitutable, then the competing 

uppliers never adopt the agency contract. This finding holds re- 

ardless of how much the platform increases the supplier share of 

rofits by lowering its royalty rate and thereby making the agency 

ontract more attractive to suppliers. This result thus yields the 

anagerial implication that a supplier selling products of the same 

uality between direct and platform channels, such as digital goods 

n a competitive environment, should adopt a regular wholesale 

ontract, not agency selling when selling via a platform. Intuitively, 

f the supplier adopts a wholesale contract, not an agency contract, 

t may appear undesirable for the supplier because the problem of 

ouble marginalization usually arises. However, our results lie con- 

rary to this intuition. In addition, it is also a notable result that 

ven though we assume suppliers to be symmetric in our model, 

he equilibrium distribution strategy is asymmetric between sup- 

liers. This asymmetric distribution channel strategy allows each 

upplier to differentiate itself from a rival supplier when selling 

hrough the platform. All these results are clearcut and robust be- 

ause they are perfectly proved analytically, even without numeri- 

al analysis. 

Furthermore, it is also noteworthy that our result reverses the 

onventional insight from existing models in previous studies that 

t least one of the competing suppliers always chooses an agency 

ontract when the suppliers do not have their own direct sales 

hannels. Specifically, our basic settings follow the stylized model 

n Tian, Vakharia, Tan and Xu (2018) that examines endogenous 

ontract choice by suppliers in a platform supply chain. Tian et al. 

2018) reveal that in equilibrium, two symmetric competing sup- 

liers selling via a platform choose asymmetric contracts of the 

gency contract and the wholesale contract. Their model assumes 

he existence of two symmetric competing suppliers and one plat- 

orm, and our model similarly uses this assumption as well. How- 

ver, their model assumes that each supplier can sell only through 

he platform; that is, they consider only the existence of a single- 

hannel supply chain. In contrast, we add the assumption that each 

upplier is also able to sell the same quality product through a di- 

ect sales channel as well as via the platform. In sum, by simply 

eplacing the assumption of a single-channel supply chain with a 

ual-channel supply chain, we demonstrate that an agency con- 

ract is chosen by neither supplier, providing a new managerial in- 

ight gained in no existing study. 

As a review of previous studies in the next section explains 

he contribution of this paper to the literature in detail, the main 

ovelty of this study is that we investigate whether competing 

uppliers able to use their own direct sales channels choose ei- 

her a wholesale contract or an agency contract when using an e- 

ommerce platform. As discussed, the development of IT technolo- 

ies has increased the number of suppliers with their own direct 

ales channels in addition to a platform channel in competitive en- 

ironments. From this perspective, examination of which contract 

o choose when selling through an e-commerce platform, as ana- 

yzed in this paper, is an urgent concern for real-world suppliers, 

uch that our findings will provide them with effective managerial 

uidelines in this regard. 

The remainder of the paper is structured as follows. 

ection 2 reviews existing operational research (OR) papers 

eveloping game-theoretic models on how e-commerce platforms 

re used in supply chains, along with studies that address dual- 

hannel supply chain management. Section 3 describes the basic 

etup of our model. Section 4 derives the equilibrium results of the 

ain model in which suppliers compete in terms of quantity at 

he retail market level, and Section 5 provides a rationale behind 

he results derived from the model in detail. Section 6 conducts 

urther analysis based on the main model to derive some manage- 
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ial implications. Section 7 extends the model by considering an 

lternative scenario in which suppliers compete in terms of price 

t the retail level. Section 8 concludes the paper. 

. Literature review 

.1. Dual-channel supply chain and supplier encroachment 

Studies of platform supply chain management originally closely 

elate to the research stream of dual-channel supply chain man- 

gement, including applications of game theory (e.g., Alawneh & 

hang, 2018 ; Batarfi, Jaber & Zanoni, 2016 ; Bernstein, Song & 

heng, 2008 ; Cai, 2010 ; Cai, Zhang & Zhang, 2009 ; Cattani, Gilland,

eese & Swaminathan, 2006 ; Chen, Zhang & Sun, 2012 ; Chen, 

iang, Yao & Sun, 2017 ; Chiang & Monahan, 2005 ; Chiang, Chhajed 

 Hess, 2003 ; Dumrongsiri, Fan, Jain & Moinzadeh, 2008 ; Heydari, 

ovindan & Aslania, 2019 ; Hua, Wang & Cheng, 2010 ; Huang & 

waminathan, 2009 ; Jiang, Liu, Shang, Yildirim & Zhang, 2018 ; 

array & Martín-Herrán, 2022 ; Kittaka, Matsushima & Saruta, 

022 ; Lee, Chang, Jean & Kuo, 2022 ; Li, Zhang, Chiu, Liu & Sethi,

019 ; Li, Tan, Wang, Wei & Wu, 2021 ; Liu & Ke, 2020 ; Lu, Shi

 Huang, 2018 ; Matsui, 2016 , 2017 , 2020 , 2022 ; Modak & Kelle,

019 ; Rodríguez & Aydın, 2015 ; Sun, Jiao, Guo & Yu, 2022 ; Xiao

 Shi, 2016 ; Xiao, Choi & Cheng, 2014 ; Xiong, Yan, Fernandes, 

iong & Guo, 2012 ; Yan, Liu, Xu & He, 2020 ; Yang, Luo & Zhang,

018 ; Yu, Sun & Guo, 2020 ; Yue & Liu, 2006 ; Zhang & Hezarkhani,

021 ; Zhang, Tang, Zaccour & Zhang, 2019c ; Zhou, Zhao & Wang, 

019 ; Zhu, Qian, Liu, Lu & Pardalos, 2023 ). In pioneering research, 

hiang et al. (2003) investigate the advantages of a dual-channel 

upply chain for firms constituting the chain. Specifically, they de- 

elop a Stackelberg game model that involves a manufacturer and 

 retailer determining prices, finding that the dual-channel sup- 

ly chain improves the manufacturer’s profitability by mitigating 

he double marginalization arising in a retail channel. Chiang et al. 

2003) also point out that the use of a dual-channel supply chain 

y the manufacturer does not necessarily disadvantage the retailer 

ecause it lowers the wholesale price. Cai (2010) examines the 

nfluence of channel structure on the profitability of a supplier, 

 retailer, and the entire supply chain, assuming a situation in 

hich the supplier and the retailer utilize different supply chain 

tructures. The channel structures considered are a direct channel, 

 traditional retail channel, and a dual channel, being a pair of 

oth channels. By examining the revenue-sharing contracts often 

dopted in actual supply chains, Cai (2010) identifies the influence 

f differences in supply chain structure on the bargaining power of 

he supplier and the retailer. 

Because the use of a dual-channel supply chain is also nowa- 

ays commonly referred to as supplier encroachment when consid- 

red from the retailer perspective, there exist studies dealing with 

he topic (e.g., Arya, Mittendorf & Sappington, 2007 ; Chen, Pun & 

hang, 2023 ; Cui, 2019 ; Guan, Gurnani, Geng & Luo, 2019 ; Guan,

iu, Chen & Wang, 2020 ; Ha, Long & Nasiry, 2016 ; Ha, Luo & Shang,

022a ; Huang, Guan & Chen, 2018 ; Li, Gilbert & Lai, 2014 ; Tong,

u, Li & Ye, 2023 ; Wan, Chen & Li, 2023 ; Yoon, 2016 ; Zhang, Li,

hang & Dai, 2019b ; Zhang, Feng & Wang, 2021a ; Zhang, Li, Liu

 Sethi, 2021b ). In this research stream, models are constructed 

rom the viewpoint of a retailer or a buyer in the downstream that 

eeds to compete with an upstream supplier or a manufacturer to 

xamine how the former should cope with encroachment by the 

atter on retail markets. 4 Seminal work by Arya et al. (2007) re- 

eals that a retailer can benefit from supplier encroachment into a 

etail market even when product differentiation, price discrimina- 

ion, or synergies do not arise in direct sales. Encroachment causes 
4 The most recent survey work by Tahirov and Glock (2022) published in this 

ournal provides a review of previous studies on supplier encroachment. 
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he supplier to lower the wholesale price to preclude an exces- 

ive reduction in the retailer’s demand for the product. The low- 

red wholesale price and intensified downstream competition al- 

eviate double marginalization, which improves Pareto efficiency. 

i et al. (2014) examine the effects of supplier encroachment in 

n uncertain situation in which a reseller has more accurate infor- 

ation than the supplier. They show that the opening of a direct 

hannel by the supplier may trigger costly signaling behavior by 

he reseller as the reseller reduces its order quantity if the mar- 

et size is small. This downward order distortion may exacerbate 

ouble marginalization. Consequently, supplier encroachment may 

xacerbate its own profitability, especially when the reseller has a 

ignificant efficiency advantage in the sales process and the market 

ize is likely to be small. Ha et al. (2016) investigate the influence 

f manufacturer encroachment on a supply chain where prefer- 

nces for product quality are heterogeneous across customers and 

he quality is endogenously determined. They show that when the 

anufacturer can flexibly adjust the quality, encroachment deteri- 

rates the reseller’s profitability in a wide range of environments. 

hey also find that the manufacturer supplying differentiated prod- 

cts in two channels is willing to sell higher-quality products in its 

irect channel. On this basis, they conclude, contrary to the con- 

entional wisdom, that quality differentiation does not necessarily 

enefit the manufacturer or the reseller. 

.2. Platform supply chain 

Following earlier research on the issue of dual-channel supply 

hain management, many papers have been published that develop 

R models describing supply chains constituted by e-commerce 

latforms. In particular, the choice of an agency contract or a 

holesale contract in platforms has recently become an impor- 

ant topic commanding the attention of researchers and practi- 

ioners alike. Previous studies have used game theory to analyze 

hich contracts are chosen by supply chain members, including 

uppliers and e-commerce platforms (e.g., Abhishek et al., 2016 ; 

vinadav, Chernonog, Meilijson & Perlman, 2022 ; Bender, Gal-Or & 

eylani, 2021 ; De Giovanni, 2020 ; Ha, Tong & Wang, 2022b ; Hagiu

 Wright, 2015 ; He, He, Tang, Ma & Xu, 2022 ; Liu, Xu, Jing, Liu

 Wang, 2023 ; Shen, Willems & Dai, 2019 ; Tan & Carrillo, 2017 ;

ian et al., 2018 ; Wei & Dong, 2022 ; Yan, Zhao & Xing, 2019 ;

enipazarli, 2021 ; Zennyo, 2020 ; Zhang, Cao & He, 2019a ; Zhang, 

u, Chen, Zhao & Liu, 2023 ). Assuming one upstream supplier and 

wo downstream online retailers (also called e-tailers), Abhishek 

t al. (2016) theoretically explore the environment in which the e- 

ailers should use agency selling in place of traditional reselling. 

bhishek et al. (2016) first show that agency selling results in 

ower retail prices and hence is more efficient than reselling. They 

hen demonstrate that e-tailers prefer agency selling when sales 

rom the electronic channel negatively affect demand in the tradi- 

ional channel, whereas e-tailers prefer reselling when sales from 

he electronic channel significantly increase demand in the tradi- 

ional channel. Furthermore, Abhishek et al. (2016) find that as 

ompetition among retailers intensifies, e-tailers prefer agency sell- 

ng, and that positive externalities arising from the sales of the tar- 

et product, including additional profits from the sale of related 

roducts, also influence their choice. 

Tian et al. (2018) later consider the situation where two com- 

eting upstream suppliers sell through the same e-commerce plat- 

orm downstream, thereby investigating endogenous strategic con- 

ract choice by the suppliers. They find that competition among 

pstream suppliers eliminates double marginalization and hence 

ritically mitigates the advantage of an agency contract for both 

he intermediary and the supplier using a revenue-sharing mech- 

nism. Their results further show that when the order fulfillment 

ost is high, and the products offered by suppliers are similar, sup- 
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liers prefer a wholesale contract mode, whereas when the order 

ulfillment cost is low, and the products offered by suppliers are 

ighly differentiated, suppliers prefer an agency contract. Finally, 

hen the order fulfillment cost is more moderate, and the sup- 

lier products are similar, a hybrid mode is preferred. While Tian 

t al. (2018) provide the theoretical foundation for our model, un- 

ike their model we assume the situation where two competing 

uppliers can also use their own direct channels for selling. 

Most recently, several game-theoretic studies have emerged 

hat address a variety of decision-making problems, including con- 

ract choice, by a supplier using a dual-channel supply chain that 

onsists of both a direct channel and an e-commerce platform as 

n intermediate channel (e.g., Chen, Zhao, Yan & Zhou, 2021 ; Qin, 

iu & Tian, 2021 ; Wei, Lu & Zhao, 2020 ; Yan et al., 2018 ; Zhang

 Zhang, 2020 ; Zhang, Li, Liu & Sethi, 2021b ; Zhang, Xu, Ke &

hen, 2022 ; Zhen & Xu, 2022 ; Zhen, Xu, Li & Shi, 2022 ). Yan et al.

2018) explore the situation in which not only a resale channel but 

lso a marketplace channel should be introduced in a dual-channel 

upply chain consisting of a single manufacturer and an e-tailer, 

here there is a positive spillover effect from an online channel 

ia the e-tailer to an offline channel. They find that the willingness 

o adopt a marketplace channel by the manufacturer increases and 

hat of the e-tailer decreases with the degree of spillover. Based on 

his finding, they conclude that firms can attain a Pareto improve- 

ent through adopting a marketplace channel when spillover is 

oderate. Zhang and Zhang (2020) focus on the demand informa- 

ion sharing strategy used by an e-commerce platform with a sup- 

lier able to use a brick-and-mortar store channel given the choice 

f agency selling and reselling agreements. They find that when 

he supplier’s cost of entry into the offline channel is either sig- 

ificantly large or small, the e-tailer shares demand information 

ith the supplier under agency selling but keeps it private un- 

er reselling agreement. When the entry cost is more moderate, 

nformation uncertainty is small, and the degree of channel sub- 

titution is large, the e-tailer keeps the information private under 

gency selling but shares information under reselling to prevent 

he supplier from entering the offline channel. Assuming a dual 

hannel that consists of a traditional channel and an online pro- 

otion channel operated by an e-tailer, Chen et al. (2021) inves- 

igate how the timing of pricing in the online promotion channel 

mpacts a supplier’s choice between agency selling and reselling 

ontracts in an uncertain environment. They show that the timing 

f promotion pricing has no influence on the pricing decisions of 

he supplier in the agency sales contract, whereas it can induce the 

upplier to reduce prices under the reselling contract even lower 

han those under the agency selling contract. Their results reveal 

hat in an uncertain market environment, considering the timing 

f promotional pricing fundamentally alters the intuition that the 

upplier prefers agency selling, which eliminates double marginal- 

zation, over reselling. 

More recently, Zhang et al. (2021b) examine the effect of ser- 

ice investment in a supply chain consisting of a supplier and a 

ervice platform that mediates transactions between the supplier 

nd consumers as well as resells products. They confirm spillover 

ffects arising from investment in retail services by the platform, 

hich not only increases supply chain profit but also transfers 

 portion of the increased profits to the supplier. Service invest- 

ents by the platform then do not necessarily increase its profit 

ut do increase that of the supplier. Consequently, investments by 

he platform do not necessarily preclude supplier encroachment; 

n some cases, they induce suppliers to encroach via the platform. 

hen and Xu (2022) consider the situation where both a manu- 

acturer and a retailer can sell through a third-party platform and 

xamine the impact of pricing strategy on the choice of the dis- 

ribution channel structure. Specifically, they model a Stackelberg 

ame in which the manufacturer is the leader in three channel 
590 
tructures: the manufacturer uses the platform channel, the re- 

ailer uses the platform channel, and both the manufacturer and 

he retailer use the platform channel. Their results show that the 

hoice of pricing strategy, either uniform or differentiated, plays a 

ignificant role in the channel structure choice. 

.3. Contribution to the literature 

Although this review finds many existing studies employ game- 

heoretic approaches in this research stream, none of these inves- 

igate the endogenous contract choice between agency and whole- 

ale contracts in platform supply chains including two essential 

nd realistic features: namely, (i) multiple competing suppliers, 

nd (ii) dual-channel supply chains. Specifically, among the many 

tudies reviewed, while Yan et al. (2018) ; Zhang et al. (2021b) , and

hen et al. (2021) develop models examining contract choice by 

 supplier with a dual-channel supply chain consisting of a direct 

hannel and an indirect platform channel, they incorporate only 

 single supplier, not multiple competing suppliers. On the other 

and, while Tian et al. (2018) and Zennyo (2020) consider the ex- 

stence of multiple competing suppliers, they only address single- 

hannel supply chains where both suppliers sell only through the 

latform, not dual-channel supply chains. Given the existing mod- 

ls, our model incorporates both multiple competing suppliers and 

ual-channel supply chains, both essential features of contempo- 

ary supply chains, which allows us to address the problem of en- 

ogenous contract choice in an e-commerce platform channel. This 

onsideration is the novelty of our model developed in this paper 

ompared with the existing literature. 

. Model 

In this section, we first describe the basic setup of our model. 

ig. 1 depicts the structure of the supply chains we assume, and 

able 1 summarizes the notations used in the model. The assump- 

ions underpinning our model follow those of the stylized game- 

heoretic model presented by Tian et al. (2018) that investigates 

ndogenous contract choice by competing suppliers selling through 

 platform. While Tian et al. (2018) assume a situation where two 

ompeting suppliers sell only through one platform with adopting 

ither an agency or reselling agreement, our model adds the as- 

umption that each of the two suppliers also has a direct chan- 

el through which it can sell directly to end-consumers. In other 

ords, we incorporate the assumption that the two existing sup- 

liers can use a direct channel in addition to the indirect (i.e., plat- 

orm) channel into the stylized model of Tian et al. (2018) . Impor- 

antly, the availability of dual channels for suppliers, which well 

eflects the contemporary e-commerce environment discussed in 

ection 1 , leads to a conclusion dramatically different from that of 

receding research. Because we assume two suppliers, we index 

hem as Supplier 1 and Supplier 2 and suppose that these suppli- 

rs produce and sell differentiated products to end-consumers. We 

efine Brand i as the product shipped from Supplier i (henceforth, 

 = 1 , 2 ). Each supplier produces and sells products indirectly via 

 platform, which we refer to as the platform channel , and/or di- 

ectly to consumers, which we refer to as the direct channel . The 

uppliers are assumed to incur the following total production and 

istribution costs. That is, the marginal cost for a supplier to sell a 

roduct via the direct channel and the platform channel is denoted 

y c D and c P , respectively, following previous dual-channel models 

onsidering supplier encroachment (e.g., Arya et al., 2007 ; Li et al., 

014 ; Zhang et al., 2021b ). 

In this paper, we assume typical dual-channel supply chains, in 

hich consumers perceive the two channels as substitutable. That 

s, whereas the products are differentiated between suppliers as 

rands, they are undifferentiated across the two types of channels, 
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Fig. 1. Description of supply chains. 

Note: An arrow indicates the direction of product flow. All the channels available to the two suppliers are depicted. 

Table 1 

Notation. 

p 
i 

retail price of Brand i 

p P 
i 

retail price of Brand i in the platform channel 

p D 
i 

direct price of Brand i in the direct channel 

q P 
i 

demand for Brand i in the platform channel 

q D 
i 

demand for Brand i in the direct channel 

Q i total demand for Brand i 

w 

i 
wholesale price of Brand i 

r royalty rate specified in the agency selling contract ( 0 < r < 1 ) 

c P marginal cost of supplying a product through the platform channel 

c D marginal cost of supplying a product through the direct channel 

c marginal cost of supplying a product when c P = c D 

a intercept in the inverse demand function 

b slope of the inverse demand function 

θ substitutability between the two product brands ( 0 < θ < 1 ) 

i subscript indicating the supplier or brand ( i = 1 or 2) 

j subscript indicating the different supplier or brand from i 

�i profit of Supplier i 

π profit of the platform 

S i distribution strategy of Supplier i 

D strategy of selling products only from the direct channel 

W strategy of selling products only from the platform channel with adopting a wholesale contract 

A strategy of selling products only from the platform channel with adopting an agency selling contract 

DW strategy of selling products from both the direct and platform channels with adopting a wholesale contract 

DA strategy of selling products from both the direct and platform channels with adopting an agency selling contract 
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6 This inverse demand function has the following theoretical foundation as 

detailed in Ingene and Parry (2004) . We first assume that the representa- 
s is the case with digital goods such as e-books, videos, and mu- 

ic. For example, and as discussed earlier, publishers usually supply 

he same quality of e-books both directly and indirectly through 

mazon’s platform with the use of Kindle. Similarly, videos and 

usic are also usually supplied at the same quality across direct 

nd indirect channels. Indeed, as long as the source file of the 

ideo or music (i.e., digital goods) itself is identical, the type of 

istribution channel does not influence the quality of the digital 

oods (e.g., picture or sound). As a result, consumers are likely to 

onsider these digital goods substitutable between channels and 

hus simply purchase from the channel that offers the goods at the 

owest price. Because this situation is realistic and thus important, 

ur model focuses on the case of dual-channel supply chains with 

hannel substitutability. 5 Therefore, consumers perceive that while 

roducts are differentiated between the two suppliers, the prod- 

cts of the same supplier are not differentiated between the two 

hannels. 
5 Indeed, the model in very recent work by Hotkar and Gilbert (2021) also as- 

umes perfect substitutability between the direct and reselling channels to reflect 

eality, which provides theoretical foundation for our model. 
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We assume that the two suppliers and one platform face the 

nverse demand function: 6 

p i = a − b 
(
Q i + θQ j 

)
( i, j ) = ( 1 , 2 ) or (2 , 1) , (1) 

here p i denotes the price of one unit of Brand i and Q i and Q j 

epresent total demand for Brands i and j , respectively. Hereafter, 

 i, j ) denotes either (1, 2) or (2, 1) when both i and j simultane- 

usly appear in one equation. Let q P 
i 

and q D 
i 

denote the quantities 

f Brand i sold via the platform and the direct channel, respec- 

ively. Because the supply and demand for Brand i must be equal, 

 i = q P 
i 

+ q D 
i 

holds. The parameter θ ∈ ( 0 , 1 ) signifies the brand

ubstitutability between Brands 1 and 2, and a and b are positive 

onstants. Consumers perceive that the brands become differenti- 
ive consumer’ utility function, U , is: U = a ( Q 1 + Q 2 ) − ( b( Q 2 1 + Q 2 2 ) + 2 bθQ 1 Q 2 ) / 2 . 

iven the utility function, consumer surplus, S, is expressed as: S = U −
 p 1 Q 1 + p 2 Q 2 ) = a ( Q 1 + Q 2 ) − ( b( Q 2 1 + Q 2 2 ) + 2 bθQ 1 Q 2 ) / 2 − p 1 Q 1 − p 2 Q 2 . The con- 

umer solves ∂ S/∂ Q 1 = ∂ S/∂ Q 2 = 0 to maximize S with respect to Q 1 and Q 2 , yield- 

ng the inverse demand function of Eq. (1) . Moreover, note that this inverse demand 

unction coincides with the demand function in Tian, Vakharia, Tan, and Xu (2018 , 

. 1598) if we substitute the following values into exogenous parameters: a = θ , 

 = ( 1 + γ ) / ( 1 + 2 γ ) , and θ = γ / ( 1 + γ ) . 
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Fig. 2. Description of contract type. 

Note: The five panels illustrate the five types of contracts each supplier can adopt in its dual-channel supply chain. An arrow indicates the direction in which monetary 

payment is requested. 
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7 For instance, the royalty rate set by Amazon is 15% on books, video/DVDs, mu- 

sic, software, and video games; 8% on cameras, consumer electronics, cell phones, 

and video game consoles; and 6% on personal computers. ( https://services.amazon. 

com/selling/pricing.htm ). 
8 In economics, quantity- and price-setting scenarios are referred to as Cournot 

and Bertrand games, respectively, and the quantitative results of the two games are 

often compared as a pair. 
ted as θ decreases. Eq. (1) indicates that the intercept a in the in- 

erse demand function is the same for the two suppliers, and this 

ssumption also follows the model presented by Tian et al. (2018) . 

Next, we consider the suppliers’ decisions on channel and con- 

ract choices. First, each supplier decides whether to sell through 

he direct and/or the platform channel. Second, if a supplier de- 

ides to sell through the platform channel, the supplier also de- 

ides simultaneously whether to adopt an agency contract or a 

holesale contract. To summarize, Supplier i chooses one of the 

ollowing five distribution strategies regarding which channel and 

ontract to use. 

• Strategy D ...… The supplier sells only via the direct channel. 

• Strategy W ...… The supplier sells only via the platform 

channel, adopting the wholesale contract. 

• Strategy A ...… The supplier sells only via the platform chan- 

nel, adopting the agency selling contract. 

• Strategy DW ...… The supplier sells via both the direct chan- 

nel and the platform channel, adopting the wholesale con- 

tract. 

• Strategy DA ...… The supplier sells via both the direct chan- 

nel and the platform channel, adopting the agency selling 

contract. 

Fig. 2 illustrates how these five distribution strategies are used 

n a supply chain. Let S i denote Supplier i ’s distribution strategy. 

he profit of Supplier i , �i , with adopting Strategies D, W, A, DW,

nd DA, is given as follows: 

i = 

(
p D i − c D 

)
q D i , if S i = D , (2) 

i = 

(
w i − c P 

)
q P i , if S i = W , (3) 

i = ( 1 − r ) 
(

p P i − c P 
)
q P i , if S i = A , (4) 

i = 

(
p D i − c D 

)
q D i + 

(
w i − c P 

)
q P i , if S i = DW , (5) 

i = 

(
p D i − c D 

)
q D i + ( 1 − r ) 

(
p P i − c P 

)
q P i , if S i = DA , (6) 

here w i denotes the wholesale price of one unit of Brand i sold 

y Supplier i choosing the wholesale contract. p D 
i 

and p P 
i 

are the 

irect price in the direct channel and the retail price in the plat- 

orm channel of one unit of Brand i , respectively. Eqs. (4) and ( 6 )

eflect the assumption that a supplier entering an agency selling 

ontract pays some portion of its sales revenue to the platform as 

 royalty fee in accordance with the revenue-sharing rule speci- 

ed by r ∈ ( 0 , 1 ) . In other words, the platform receives a commis-

ion proportional to the revenue of the supplier at the rate of r . 
592 
lthough this rate usually varies across product categories, we as- 

ume that the suppliers in our model are charged the same royalty 

ate because they compete in an identical product category. 7 

Given these notations, the profit of the platform, π , under each 

ombination of suppliers’ strategies is: 

= 

(
p P i − w i 

)
q P i + 

(
p P j − w j 

)
q P j , 

f 
(
S i , S j 

)
= ( W , W ) , ( W , DW ) , ( DW , W ) , or ( DW , DW ) , (7) 

= 

(
p P i − w i 

)
q P i + rp P j q 

P 
j , 

f 
(
S i , S j 

)
= ( W , A ) , ( W , DA ) , ( DW , A ) , or ( DW , DA ) , (8) 

= r 
(

p P i q 
P 
i + p P j q 

P 
j 

)
, if 

(
S i , S j 

)
= ( A , A ) or ( DA , A ) , (9) 

= 

(
p P i − w i 

)
q P i , if 

(
S i , S j 

)
= ( W , D ) or ( DW , D ) , (10) 

= rp P i q 
P 
i , if 

(
S i , S j 

)
= ( A , D ) or ( DA , D ) , (11) 

= 0 . if 
(
S i , S j 

)
= ( D , D ) . (12) 

Using the system of functions described above, we consider the 

uantity- and price-setting scenarios, where the decision variable 

t the retail market level is quantity and price, respectively. 8 In the 

uantity-setting scenario, the wholesale price is determined first, 

nd the quantity sold in the direct channel and the quantity sold in 

he platform channel are decided second. Meanwhile, in the price- 

etting scenario, the wholesale price is determined first, and the 

etail price in the platform channel and the direct price in the di- 

ect channel are decided second. 

We now explain why we consider both quantity- and price- 

etting scenarios in our model. In the literature, two types of ex- 

sting dual-channel supply chain models appear, where the deci- 

ion variable at the retail level is either quantity or price. For in- 

tance, the dual-channel models constructed by Cai (2010) , Chiang 

t al. (2003) , and Matsui (2017) assume that the decision variable 

s price. By contrast, the supplier encroachment models by Arya 

t al. (2007) , Hamamura and Zennyo (2021) , Li et al. (2014) , and

hang et al. (2021b) assume that the decision variable is quan- 

ity. Thus, studies addressing the issue of supplier encroachment 

https://services.amazon.com/selling/pricing.htm
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Fig. 3. Event timeline. 
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9 In the literature, there exist models assuming different operational efficiency 

and distribution costs between the direct and indirect channels (e.g., Arya, Mitten- 

dorf, & Sappington, 2007 ; Zhang, Li, Liu, & Sethi, 2021b ). Meanwhile, there also ex- 
end to assume quantity as the decision variable to describe the 

ituation in which an upstream supplier takes a share in the retail 

arket. In addition, Cabral (20 0 0, p. 113) states that from an em-

irical perspective, the quantity-setting scenario is more appropri- 

te when describing competition in industries such as automobiles 

nd computers, where production capacity and output are more 

ifficult to adjust. He also states that the price-setting scenario 

s more appropriate for describing competition in industries such 

s software and insurance, where production capacity and output 

an be adjusted more easily. Hence, Cabral’s explanation suggests 

hat the quantity-setting scenario is more appropriate for prod- 

ct manufacturing companies such as Procter and Gamble because 

heir production capacity is more constrained and flexible pro- 

uction adjustment is more difficult. By contrast, book publishers 

uch as HarperCollins and Penguin Books, as discussed in Section 

 , are more likely to suit the price-setting scenario as books (es- 

ecially e-books) are less constrained by production capacity and 

hus the production volume can be easily adjusted. For these the- 

retical and empirical reasons, we construct models for both the 

uantity- and price-setting scenarios, thereby relating this paper 

o both the academic literature and practical experience. In terms 

f the overall structure of the paper, the quantity-setting scenario 

s positioned as the main model, while the price-setting scenario 

s an extension of the main model. Importantly, the central result 

n this paper holds in both scenarios. 

We assume the event timeline shown in Fig. 3 following Tian 

t al. (2018) . First, at Stage 1, each of the two suppliers decides

ts distribution strategy from among Strategy D, W, A, DW, or DA. 

 supplier using the platform channel and choosing a wholesale 

ontract then determines the wholesale price at Stage 2. Finally, 

ither quantity or price competition takes place at the retail mar- 

et level at Stage 3. That is, the platform determines the quantity 

i

593
n the quantity-setting scenario or the retail price in the price- 

etting scenario for a supplier adopting the wholesale contract. 

oreover, in the quantity-setting scenario, a supplier adopting the 

gency contract determines the quantity in the platform channel, 

nd a supplier using the direct channel determines the quantity 

n the direct channel. Meanwhile, in the price-setting scenario, a 

upplier adopting the agency contract determines the retail price, 

nd a supplier using the direct channel determines the direct price. 

s our model is classified as a dynamic noncooperative game un- 

er complete information, the subgame perfect Nash equilibrium 

SPNE) is adopted as the equilibrium concept. We derive the SPNE 

y solving the game using backward induction. 

. Results 

Based on the model setup in the previous section, we calcu- 

ate the profit for each supplier resulting from each combination 

f distribution strategies. As overviewed, because existing mod- 

ls on supplier encroachment tend to consider a quantity-setting 

cenario, we derive the results of the quantity-setting scenario as 

he main model in this section. We summarize the equilibrium 

rofits of a supplier derived in each combination of the distribu- 

ion strategies in the Appendix, because they are lengthy in sev- 

ral combinations. Using the equilibrium profits of a supplier, we 

enceforth concentrate on the case in which operational efficiency 

s equal, such that both c D and c P take a positive value denoted 

y c to draw managerial implications. 9 Comparing the equilibrium 
st substantial models assuming identical operational efficiency for the two types of 
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Table 2 

Payoff matrix for the two suppliers in the quantity competition. 

Note: The first and the second variables in parentheses in each cell denote the profits of Suppliers 1 and 2, respectively. The circled profit represents the best- 

response strategy of the supplier. The dotted circle represents that the distribution strategy can be the best response, depending on the level of parameter 

values. Refer to the Appendix for the values of the equilibrium profits in the table. 

p

t

o

P

t

e

r

T

b

p

o

p

o

g

T

s(

o

u

i

t

c

F

a

s

p

t

r

S

u

t

f

t

t

t

a

c

o

p

r

v

p

t

p

5

5

r

t

i

s

i

c

P

fl

a

rofits between the combinations of distribution strategies yields 

he following proposition that identifies the best-response strategy 

f a supplier in response to a given strategy of the rival supplier. 

roposition 1. 

(i) Strategy DW is the best-response strategy of a supplier if the 

rival supplier chooses Strategy D or A . 

(ii) Strategy D is the best-response strategy when θ > 0 . 184 , while 

Strategy DW is the best-response strategy when θ < 0 . 184 if 

the rival supplier chooses Strategy W. 

(iii) Strategy D is the best-response strategy of a supplier if the rival 

supplier chooses Strategy DW. 

(iv) Strategy W is the best-response strategy when θ > 0 . 845 , while 

Strategy DW is the best-response strategy when θ < 0 . 845 if 

the rival supplier chooses Strategy DA. 

Proposition 1 enables us to determine the combinations of dis- 

ribution strategies constituting the SPNE. To easily identify the 

quilibrium distribution strategy, we construct the payoff matrix 

esulting from the distribution strategies of the two suppliers in 

able 2 using Proposition 1 , circling the payoff representing the 

est-response strategy. Because the left and right variables in 

arentheses for each cell in the table represent the profits of the 

wn and rival supplier, respectively, the cell with both payoffs in 

arentheses circled constitutes the SPNE. Referring to Table 2 , we 

btain the following theorem that identifies the distribution strate- 

ies in equilibrium. 

heorem 1. The following two pairs of distribution strategies of the 

uppliers constitute the SPNE . 

S i , S j 
)

= ( DW , D ) , ( D , DW ) ( i, j ) = ( 1 , 2 ) , ( 2 , 1 ) . 

Theorem 1 is our central result. This states that, in equilibrium, 

ne supplier uses only the direct channel, while the other supplier 

ses both the direct channel and the platform channel after adopt- 

ng the wholesale contract. Recall a key assumption of our model is 

hat the two suppliers are completely symmetric as both have the 
hannels (e.g., Hamamura & Zennyo, 2021 ; Modak & Kelle, 2019 ; Yue & Liu, 2006 ). 

ollowing this literature, and given the purpose of this paper, we focus on the situ- 

tion where operational efficiency is equal between channels. 

s

t

n

fi

c

594 
ame cost and demand structures and identical dual-channel sup- 

ly chains, as shown in Fig. 1 . Nevertheless, Theorem 1 suggests 

hat the distribution strategies chosen in equilibrium are asymmet- 

ic between the suppliers, which is a notable result. 

Moreover, Theorem 1 indicates that neither supplier chooses 

trategy A or DA in the SPNE, meaning that agency selling is never 

sed in our model, which is also a notable result. In the litera- 

ure, the stylized model of endogenous contract choice in a plat- 

orm supply chain by Tian et al. (2018) , which assumes symme- 

ry between the two suppliers, also produces the result that the 

wo suppliers adopt asymmetric distribution strategies. However, 

heir model shows that, in equilibrium, one supplier chooses the 

gency contract, and the other supplier the wholesale contract. By 

ontrast, by adding the assumption that the suppliers have their 

wn direct sales channels, we obtain the result that neither sup- 

lier chooses the agency contract, which critically differs from the 

esult presented by Tian et al. (2018) . Stated differently, in an en- 

ironment where a direct sales channel is also available to a sup- 

lier, the conclusion significantly changes so that a supplier using 

he platform channel should differentiate itself from the rival sup- 

lier by using the wholesale contract, not the agency contract. 

. Rationale 

.1. Rationale behind no agency selling 

Given the main results of the previous section, we now elabo- 

ate on the mechanism from whence the results are derived. Ini- 

ially, we provide a rationale for why Strategy A and DA involv- 

ng agency selling are dominated by Strategy D representing direct 

elling, as shown in Proposition 1 . There are the following three 

mportant assumptions that lead to this result. First, recall that we 

onsider the distribution of digital goods throughout our model. 

articularly because the type of distribution channel does not in- 

uence the quality of digital goods (e.g., picture or sound) as long 

s the source file of the video or music itself is identical, con- 

umers perceive these digital goods as being undifferentiated be- 

ween channels and will therefore simply purchase from the chan- 

el that offers the lowest price. Given this consumer behavior, the 

rst important assumption of our model is that (i) consumers per- 

eive that the direct and platform channels used by Supplier i are 
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erfectly substitutable. Next, the second important assumption of 

ur model is that (ii) Supplier i determines both quantity in the 

irect channel ( q D 
i 

) and quantity in the platform channel ( q P 
i 
) si-

ultaneously if using both the direct channel and the platform 

hannel with agency selling, which follows from the major plat- 

orm model considering agency selling by Tian et al. (2018) . Finally, 

he third assumption is that (iii) the platform extracts a royalty fee 

qual to the retail price per unit of product multiplied by the roy- 

lty rate r if agency selling is used, which is also assumed in Tian

t al. (2018) . 

Based on these three essential assumptions, the mechanism 

hat leads to the result is explained as follows. Because of the as- 

umption of (i), the equilibrium retail price of p i determined based 

n the demand function of Eq. (1) is independent of through which 

hannel products are sold. More specifically, as long as the total 

upply quantity of Q i = q P 
i 

+ q D 
i 

is fixed, the retail price p i does

ot change when only either q P 
i 

or q D 
i 

changes, because of chan- 

el substitutability for consumers. Moreover, the assumption of (ii) 

ndicates that if a supplier sells through both direct and platform 

hannels with agency selling, there arises no strategic interaction 

etween the decision variables of q P 
i 

and q D 
i 

because the same Sup- 

lier i determines both q P 
i 

and q D 
i 

simultaneously while the plat- 

orm makes no decision on quantity. Furthermore, the assumption 

f (iii) indicates that the margin per unit of the product for Sup- 

lier i in the direct channel is p i − c and the margin in the plat-

orm channel with agency selling is ( 1 − r )( p i − c ) ; namely, the 

arginal profit for Supplier i is always greater when selling via 

he direct channel (i.e., p i − c) than when selling via the platform 

hannel with agency selling (i.e., ( 1 − r )( p i − c ) ). Because of the 

hree assumptions, if the supplier sells one unit of the product, 

he supplier can earn a higher profit margin by selling that one 

nit through a direct channel instead of through the platform with 

gency selling. As a result, it is always more profitable for the sup- 

lier to sell all quantity through the direct channel than through 

he platform channel with agency selling, with which the platform 

akes a portion of the marginal profit per unit product as a roy- 

lty fee. For the above reason, agency selling (Strategy A or DA) is 

trictly dominated by direct selling (strategy D) and hence is not 

hosen by the suppliers. 

.2. Rationale behind asymmetric equilibrium 

Next, we provide the rationale why asymmetric distribution 

trategies can occur in equilibrium, even though the two compet- 

ng suppliers assumed in the model are symmetric and the sup- 

ly chain structure is identical. There are two essential assump- 

ions that lead to this result: (i) the demand function is assumed 

s Eq. (1) , and (ii) the supplier’s wholesale price is determined at 

tage 2, and suppliers’ quantities in the respective channels are de- 

ermined at Stage 3. To understand the mechanism for how the 

wo assumptions lead to the asymmetric distribution strategies oc- 

urring in equilibrium, the concept of strategic complements , which 

as been originally proposed in the economics and game theory 

iterature, is the key factor. Therefore, we first explain this concept 

n detail below. 

First, Bulow, Geanakoplos and Klemperer (1985) originally de- 

ne that strategic complements mean that the decision variables 

etermined by players in a noncooperative game have the fol- 

owing characteristics. That is, if one player increases its decision 

ariable, another player also increases its decision variable in re- 

ponse. 10 Stated differently, a positive correlation arises between 
10 The antonym of strategic complements is strategic substitutes , which means that 

f one player increases its decision variable, another player decreases its decision 

ariable. Therefore, the decision variables characterized by strategic substitutes have 

 negative correlation between players, contrary to strategic complements. 

o

a

p

s
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he decision variables determined by players. After Bulow et al. 

1985) , the existing game-theoretic literature shows that the prices 

r margins determined by competing firms are strategic comple- 

ents (e.g., Gal-Or, 1985 ). In our model, the assumptions of (i) and 

ii) indicate that once a supplier determines quantity in Stage 3, 

he margin that the supplier earns is correspondingly determined 

ased on the demand function of Eq. (1) . Moreover, in Stage 2, 

 supplier determines the wholesale price, which is the margin 

n the platform channel. Therefore, the decision variables in our 

odel are strategic complements. 

Next, Gal-Or (1985) theoretically shows that if the decision vari- 

bles of players in a noncooperative game are strategic comple- 

ents, the second-mover advantage arises. That is, the player that 

ets its decision variable in a later move obtains a higher payoff

han the player that sets its decision variable in an earlier move. 

his advantage of a later decision is called the second-mover ad- 

antage. To obtain the second-mover advantage, each player has an 

ncentive to set its decision variable at a later period. In the con- 

ext of our model, given the incentives of suppliers to obtain this 

econd-mover advantage resulting from the strategic complements 

y delaying their decisions, simultaneous decisions become unsta- 

le and infeasible. As a result, suppliers prefer sequential decisions 

nd hence determine their decision variables sequentially, not si- 

ultaneously. 

Consistent with this logic, Hamilton and Slutsky (1990 , p. 36, 

heorem III) prove that players with a second-mover advantage 

ave the incentive to make their decisions sequentially and there- 

ore stagger the timing of their decisions. Moreover, van Damme 

nd Hurkens (2004, p. 405) demonstrate that when two players 

et their decision variables sequentially, both the first and second 

overs achieve higher payoffs than when the players set deci- 

ion variables simultaneously, irrespective of which player is the 

rst mover. The application of the insights gained in the previous 

ame-theoretic studies to our model suggests that the two sup- 

liers have the incentive to stagger their decisions with respect 

o each other because the decision variables are strategic comple- 

ents. 

Meanwhile, the assumption of (ii) means that if the distribu- 

ion strategies chosen by the two suppliers are asymmetric, the 

iming for them to obtain their respective margins is sequential 

ot simultaneous. This is because the supplier choosing Strategy D 

etermines its quantity (and the corresponding margin) in the di- 

ect channel at Stage 3, while the other supplier choosing Strategy 

W determines its wholesale price (margin) in the platform chan- 

el at Stage 2, as shown by the event timeline in Fig. 3 ; namely,

he timing for suppliers to make their respective decisions differs 

etween Strategies D and DW. This also means that in our model, 

y choosing the asymmetric channel strategies of D and DW, the 

wo suppliers can sequentially determine their respective prices 

nd margins at different timings, which enables them to achieve 

igher profits given the strategic complementarity of their decision 

ariables. That is, the insights gained in the game theory literature 

ndicate that in the context of our model, the suppliers have the 

ncentive to choose the asymmetric distribution strategies of (D, 

W) or (DW, D), because these strategies enable them to make se- 

uential but not simultaneous decisions. As a result, the suppliers 

hoose asymmetric distribution strategies to obtain margins at dif- 

erent times in equilibrium. This is the rationale for why asymmet- 

ic not symmetric distribution strategies can occur in the SPNE. 11 
11 The definition of the SPNE, which we use as the equilibrium concept through- 

ut this paper, is that all players choose their respective best-response strategies in 

ll the stages constituting a dynamic game. Therefore, the state where both sup- 

liers choose asymmetric distribution strategies as their respective best-response 

trategies corresponds to the SPNE in our model. 
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Table 3 

Payoff matrix for the two suppliers in the price competition. 

Note: The first and the second variables in parentheses in each cell denote the profits of Suppliers 1 and 2, respectively. The circled profit represents the best- 

response strategy of the supplier. The dotted circle represents that the distribution strategy can be the best response, depending on the level of parameter 

values. Refer to the Appendix for the values of the equilibrium profits in the table. 
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12 Because we take the approach of constructing an economic model to describe 

price competition, the equilibrium economic profit is obtained as zero in several 
. Managerial implications 

As we have already derived the main results up to the previous 

ection, we conduct further analysis to obtain managerial implica- 

ions that can be used as decision guidelines for suppliers. While 

he central result of Theorem 1 shows that two asymmetric equi- 

ibria of strategies (D, DW) and (DW, D) arise, the theorem does 

ot identify which of the two strategies (DW or D) is more ad- 

antageous for a supplier, meaning that the theorem does not pro- 

ide a specific guideline for supplier decision-making. Therefore, it 

s worthwhile to examine which distribution strategy (DW or D) 

ncluded in the equilibrium asymmetric distribution strategies is 

ore profitable and hence should be chosen by a supplier. Using 

he equilibrium profits shown in the Appendix, we have the fol- 

owing theorem. 

heorem 2. In the SPNE Strategies (D, DW) and (DW, D), the profit 

f the supplier choosing Strategy DW is greater than the profit of the 

upplier choosing Strategy D . 

Theorem 2 shows that it is more profitable for a supplier to 

hoose Strategy DW over D in the asymmetric distribution strategy 

quilibrium. If the two suppliers decide their distribution strate- 

ies at the same time at Stage 1 as assumed in our original model, 

he result of Theorem 2 cannot be used as decision support be- 

ause multiple equilibria occur as shown in Theorem 1 . However, 

f the suppliers can determine their distribution strategies sequen- 

ially not simultaneously, such that one supplier determines the 

trategy first and the other determines the strategy second, the re- 

ult of Theorem 2 provides the following practical implication as 

 guideline for decision-making by suppliers. More specifically, by 

lightly altering the assumption on the event at Stage 1 in Fig. 3 ,

e consider the situation in which two suppliers sequentially, not 

imultaneously, determine their respective distribution strategies, 

n which one supplier decides its distribution strategy first and the 

ther decides its distribution strategy later. This is also a realistic 

ituation, because there is often the case that one supplier enters 

 specific digital goods market first and subsequently another sup- 

lier enters the same market. If the two suppliers encounter such a 

ituation and thus need to sequentially choose their respective dis- 
596 
ribution strategies at Stage 1, we additionally obtain the following 

bservation. 

bservation 1. If the two suppliers can choose their respective dis- 

ribution strategies sequentially, the state in which the first-moving 

upplier chooses Strategy DW and the second-moving supplier chooses 

trategy D is the SPNE. 

Observation 1 provides the important decision guideline that 

he supplier choosing its distribution strategy first and the supplier 

hoosing its distribution strategy second should choose Strategies 

W and D, respectively. Because these strategies are the best re- 

ponse strategies of the respective suppliers, the strategies con- 

titute the SPNE. Therefore, Theorem 2 along with Observation 1 

re also major findings because they can be used as a managerial 

uideline for the practical decision on which distribution strategy 

DW or D) the first- and second-moving suppliers entering a spe- 

ific digital goods market should respectively choose. 

. Extension: price competition scenario 

Until now, we considered the quantity competition scenario at 

he retail market level as our main model. In this section, we ex- 

end the model by considering a price competition scenario as an 

xtension and summarize the results. Here, recall that Tian et al. 

2018) , from which our model has borrowed major assumptions, 

ssumed a price competition scenario at the retail market level. 

or this reason, the price competition scenario is also important 

ecause the scenario is more consistent with the model setting in 

ian et al. (2018) . 

As in the main model, we focus on the situation where both 

 

D and c P take a positive value of c to directly obtain managerial 

mplications. Like Section 4 , we summarize the equilibrium profits 

f a supplier for each combination of distribution strategies in the 

ppendix because they are lengthy in several combinations. Com- 

aring the equilibrium profits in the Appendix gives the following 

roposition that identifies the best-response distribution strategy 

f a supplier. 12 
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roposition 2. 

(i) Strategy DW is the best-response strategy of a supplier if the 

rival supplier chooses Strategy D or A . 

(ii) Strategy D is the best-response strategy when θ < 0 . 462 , while 

Strategy DW is the best-response strategy when θ > 0 . 462 if 

the rival supplier chooses Strategy W. 

(iii) Strategy D is the best-response strategy of a supplier if the rival 

supplier chooses Strategy DW. 

(iv) Strategy D and Strategy DW are the best-response strategies of 

a supplier if the rival supplier chooses Strategy DA. 

Like Proposition 1 listing the best-response strategies in the 

uantity-setting scenario, Proposition 2 enables us to determine 

he combination of distribution strategies that constitute the SPNE 

n the price-setting scenario. Table 3 shows the payoff matrix for 

he price-setting scenario, in which the optimal response strate- 

ies are circled. Observe that the optimal response strategies in 

he price-setting scenario shown in Table 3 differ slightly from 

hose in the quantity-setting scenario shown in Table 2 . Referring 

o Table 3 , we identify the distribution strategies in equilibrium, as 

er the following theorem. 

heorem 3. The following two pairs of distribution strategies for the 

uppliers constitute the SPNE . 

S i , S j 
)

= ( DW , D ) , ( D , DW ) ( i, j ) = ( 1 , 2 ) , ( 2 , 1 ) . 

Like Theorem 1 for the quantity-setting scenario considered in 

he main model, Theorem 3 states that in the price-setting sce- 

ario, one supplier uses only the direct channel, while the other 

upplier uses both the direct channel and the platform channel by 

dopting the wholesale contract in equilibrium. This means that 

ven though the suppliers’ best-response strategies in the price- 

etting scenario differ slightly from those in the quantity-setting 

cenario, the SPNE itself is the same for both scenarios; namely, 

heorem 3 proves that in price competition, as in quantity com- 

etition, asymmetric distribution strategies occur in equilibrium, 

hich reinforces the robustness of the central result in this paper. 

oreover, like Theorem 1 , Theorem 3 shows that neither supplier 

hooses Strategy A or DA. Consequently, Theorems 1 and 3 suggest 

hat the conventional result of previous studies is reversed, regard- 

ess of the mode of competition. 

. Conclusions 

Currently, many manufacturing companies are not only utilizing 

apidly growing e-commerce platforms as important sales chan- 

els, but also they are opening their direct channels and selling di- 

ectly to end-consumers using advanced IT technologies. Given that 

any suppliers are now using such dual-channel supply chains, 

his paper investigates whether a wholesale contract or an agency 

ontract offered by an e-commerce platform is chosen by compet- 

ng suppliers, in the situation where products are undifferentiated 

etween the direct channel and the indirect platform channel, as 

s typically the case of digital goods. 

The key result from our model is that if there is no differen- 

iation between channels such that consumers perceive the direct 
ases. Here, we must note that even if the economic profit of a firm is zero in equi- 

ibrium, the firm has an incentive to operate because its accounting profit can be 

alculated as positive. This is because economic profit is defined as the excess profit 

hat remains after subtracting dividend payments to shareholders from accounting 

rofit. Indeed, it is common in economic models for the economic profit of a firm to 

e zero in the long-run equilibrium. For a more detailed explanation see, for exam- 

le, Besanko, Dranove, and Shanley ( 2017 , p. 28), a leading text on how economic 

odels can be applied to practical strategic management. 

t
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nd platform channels as substitutable, then neither of the com- 

eting suppliers chooses the agency contract. This result holds re- 

ardless of how much the platform increases the suppliers’ share 

f profits by lowering its royalty rate and thereby making the 

gency contract more profitable to them. This yields the manage- 

ial implication that a supplier selling products of the same qual- 

ty across channels, such as digital goods in a competitive envi- 

onment, should adopt a regular wholesale contract, not an agency 

ontract when selling through a platform. Intuitively, if a supplier 

dopts a wholesale contract, this appears undesirable for the sup- 

lier because the problem of double marginalization is likely to oc- 

ur. However, our results lie contrary to this intuition. Moreover, it 

s also a notable result that even though suppliers are assumed to 

e symmetric regarding demand and cost conditions in our model, 

heir distribution strategies emerging in equilibrium are asymmet- 

ic. These asymmetric distribution channel strategies allow a sup- 

lier to differentiate itself from the rival supplier if the former sells 

hrough the platform. Because we have obtained all our main re- 

ults and implications clearly in analytical form solely by solving 

ur model, we do not conduct numerical analysis in this paper. 

It is also noteworthy that our result reverses the conventional 

nsight from existing models that at least one of the competing 

uppliers always chooses the agency contract when the suppliers 

ack their own direct sales channels (e.g., Tian et al., 2018 ; Zennyo, 

020 ). Specifically, existing studies show that, in equilibrium, two 

ompeting suppliers selling via a platform choose asymmetric con- 

racts of the agency and wholesale contracts. While previous mod- 

ls assume the existence of two symmetric competing suppliers 

nd one platform, they also assume that each supplier can sell 

nly through the platform as a single-channel supply chain. Our 

odel adds the realistic assumption that each supplier can sell the 

ame quality product through its own direct sales channel as well 

s through the platform. To summarize, by simply changing the as- 

umption of a single-channel supply chain to a dual-channel sup- 

ly chain, we show that the agency contract is never chosen, pro- 

iding a novel managerial insight. 

We also need to reflect on an important assumption in the 

odel that the platform channel provides the same quality prod- 

ct to consumers as the direct channel, as also assumed in Hotkar 

nd Gilbert (2021) . Stated differently, our equilibrium result arises 

hen typical Cournot or Bertrand competition takes place between 

he direct and indirect platform channels. Indeed, in the case of 

igital goods such as e-books, videos, and music, the same picture 

nd sound quality are usually offered in both the direct and indi- 

ect channels. Accordingly, consumers are likely to perceive such 

igital goods as being undifferentiated across channels and will 

herefore simply purchase from the channel that offers the low- 

st price. Hence, our results provide useful practical implications 

or real-world suppliers of digital goods like publishers and mu- 

ic labels considering whether to open their own channels. Indeed, 

s discussed in the introduction, music companies still tend not 

o adopt agency contracts. Publishers such as Penguin Books and 

arperCollins in the US are now selling the same quality of e- 

ooks not only through Amazon, but also through their own di- 

ect channels using the technology services provided by Shopify. 

achette Book Group is another of the largest US publishers cur- 

ently selling books through a dual-channel supply chain. The in- 

ense negotiations between Hachette and Amazon on the terms of 

rade for books over the seven months from April to November 

014 are well known and often cited as a case where a supplier 

on some concessions from a giant platform ( Sternad, 2019 ). Be- 

ause suppliers using platform channels have increasingly become 

ble to open direct channels with low-cost technologies, how to 

tilize e-commerce platforms effectively for indirect sales is now 

n urgent issue for such suppliers. The results of this study pro- 

ide useful managerial guidelines for general suppliers that have 
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ual-channel supply chains concerning which sales channels and 

ontracts they should choose if they aim to manage platform sup- 

ly chains in addition to direct sales successfully. 
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ppendix 

In the proofs shown in this Appendix, we use the four in- 

erse demand functions below obtained by inserting Q i = q P 
i 

+ q D 
i 

 i = 1 , 2 ) into Eq. (1) . In addition, for convenience, we distinguish

he price on the left-hand side by attaching the superscripts P and 

 . That is, p P 
i 

is the retail price of Brand i determined in the plat-

orm channel and p D 
i 

is the direct price of the brand in the direct

hannel. 
 

 

 

 

 

 

 

 

 

p P 1 = a − b 
(
q P 1 + q D 1 + θ

(
q P 2 + q D 2 

))
, (A 1) 

p D 1 = a − b 
(
q D 1 + q P 1 + θ

(
q D 2 + q P 2 

))
, (A 2) 

p P 2 = a − b 
(
q P 2 + q D 2 + θ

(
q P 1 + q D 1 

))
, (A 3) 

p D 2 = a − b 
(
q D 2 + q P 2 + θ

(
q D 1 + q P 1 

))
, (A 4) 

For simplicity, we refer to p D 
i 

and p P 
i 

as the direct price and the

etail price of Brand i , respectively, throughout the appendix. 

Equilibrium profit of a supplier in each distribution strat- 

gy combination under quantity competition in Section 4 and 

ts derivation process 

The equilibrium profits of a supplier in each distribution strat- 

gy combination in quantity competition are as follows. The first 

otation in the superscript parentheses attached to � signifies the 

trategy chosen by the own supplier, and the second notation sig- 

ifies the strategy chosen by the rival supplier. 

( D , D ) = 

(
a − c D 

)2 

b ( 2 + θ ) 
2 

( D , W ) = 

((
8 − θ2 

)(
a − c D 

)
− 2 θ

(
a − c P 

))2 

16 b 
(
4 − θ2 

)2 

( D , A ) = 

(
2 

(
a − c D 

)
− θ

(
a − c P 

))2 

b 
(
4 − θ2 

)2 

( D , DW ) = 

((
20 − 6 θ − 5 θ2 + θ3 

)(
a − c D 

)
− θ

(
4 − θ2 

)(
a − c P 

))2 

4 b 
(
20 − 10 θ2 + θ4 

)2 

( D , DA ) = 

(
( r − θ ) 

(
a − c D 

)
+ ( 1 − r ) θ

(
a − c P 

))2 

br 2 
(
2 − θ2 

)2 

( W , D ) = 

(
2 

(
a − c P 

)
− θ

(
a − c D 

))2 

8 b 
(
4 − θ2 

)

598 
( W , W ) = 

( 1 − θ ) 
(
a − c P 

)2 

2 b ( 2 − θ ) 
2 
( 1 + θ ) 

( W , A ) = 

( 2 − θ − rθ ) 
2 
(
a − c P 

)2 

8 

(
4 − ( 1 + r ) θ2 

)

( W , DW ) = 

( 1 − θ ) 
(
2 θ ( 1 + θ ) 

(
a − c D 

)
+ 

(
20 + 8 θ − 3 θ2 

)(
a − c P 

))2

2 b ( 1 + θ ) 
(
40 − 13 θ2 

)2 

( W , DA ) = 

(
( r + 3 θ ( 1 − r ) ) 

(
a − c P 

)
− ( 3 − r ) θ

(
a − c D 

))2 

8 br 2 
(
1 − θ2 

)

( A , D ) = 

( 1 − r ) 
(
2 

(
a − c P 

)
− θ

(
a − c D 

))2 

b 
(
4 − θ2 

)2 

( A , W ) = 

( 1 − r ) 
(
8 − 2 θ − ( 1 + r ) θ2 

)(
a − c P 

)2 

16 

(
4 − ( 1 + r ) θ2 

)2 

( A , A ) = 

( 1 − r ) 
(
a − c P 

)2 

b ( 2 + θ ) 
2 

( A , DW ) 

 

( 1 − r ) 
((

20 −4 θ−( 5 + 2 r ) θ2 + θ3 
)(

a − c P 
)

− θ
(
6 − ( 1 + r ) θ2 

)(
a − c D 

))2 

4 b 
(
20 − 2 ( 5 + 2 r ) θ2 + ( 1 + r ) θ4 

)2 

( A , DA ) = 

( 1 − r ) 
(
( ( 1 − θ ) r + θ ) 

(
a − c P 

)
− θ

(
a − c D 

))2 

br 2 
(
2 − θ2 

)2 

( DW , D ) = 

(
( 2 − θ ) ( 2 + θ ) 

2 
(
a − c P 

)2 

+ 

(
18 − θ − 4 θ2 − θ3 

)(
a − c D 

)2 

− 2 

(
8 + 4 θ − 3 θ2 − θ3 

)(
a − c D 

)(
a − c P 

))
× ( 2 − θ ) / 

(
4 b 

(
20 − 10 θ2 + θ4 

))

( DW , W ) = 

(
8 ( 1 + θ ) 

(
180 − 118 θ2 + 19 θ4 

)(
a − c D 

)2 

+ 

(
640 + 320 θ−454 θ2 −282 θ3 + 57 θ4 + 43 θ5 

)(
a − c P 

)2 

− 8 ( 1 + θ ) 
(
160 + 10 θ − 106 θ2 − θ3 + 18 θ4 

)(
a − c D 

)
×
(
a − c P 

))
/ 

(
2 b ( 1 + θ ) 

(
40 − 13 θ2 

)2 
)

( DW , A ) = 

((
a − c D 

)2 (
6 − ( 1 + r ) θ2 

)2 − 2 ( 16 + ( 10 − 8 r ) θ

− 2 ( 5 + 2 r ) θ2 −
(
1 − r − 2 r 2 

)
θ3 + ( 1 + r ) θ4 

)
×
(
a − c D 

)(
a − c P 

)
+ 

(
16 −3 θ2 + 4 r 2 θ2 −2 θ3 + θ4 −4 rθ

(
4 −θ2 

))(
a −c P 

)2 
)

/ 
(
4 b 

(
20 − 2 ( 5 + 2 r ) θ2 + ( 1 + r ) θ4 

))

( DW , DW ) = (2 ( 5 − θ ) 
2 
(
3 − θ2 

)(
6 − 3 θ2 − θ3 

)(
a − c P 

)2 

+ ( 1 + θ ) 
(
405 − 360 θ − 99 θ2 + 120 θ3 + 15 θ4 

https://doi.org/10.1016/j.ejor.2023.06.030
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− 16 θ5 − θ6 
)(

a − c D 
)2 

− 2 ( 1 + θ ) 
(
180 −135 θ−78 θ2 + 54 θ3 + 20 θ4 −7 θ5 −2 θ6 

)
×
(
a − c D 

)(
a − c P 

)
) / 

(
b ( 1 + θ ) 

(
30 − 3 θ − 11 θ2 

−θ3 + θ4 
)2 

)

( DW , DA ) = 

((
θ2 

(
21 −6 θ2 + θ4 

)
+ 2 rθ

(
3 −8 θ−9 θ2 + 5 θ3 + 2 θ4 −θ5 

)
+ r 2 

(
9 − 8 θ − 8 θ2 + 14 θ3 − 4 θ5 + θ6 

))(
a − c D 

)2 

− 2 

(
θ2 

(
21 − 6 θ2 + θ4 

)
+ rθ

(
11 − 29 θ − 14 θ2 + 11 θ3 

+ 3 θ4 −2 θ5 
)
+ r 2 

(
4 − 7 θ+ θ2 + 13 θ3 −3 θ4 − 3 θ5 + θ6 

))
×
(
a − c D 

)(
a − c P 

)
+ 

(
θ2 

(
21 −6 θ2 + θ4 

)
+ 2 rθ

(
8 −21 θ−5 θ2 + 6 θ3 + θ4 −θ5 

)
+ r 2 

(
4 −16 θ + 17 θ2 + 10 θ3 −5 θ4 −2 θ5 + θ6 

))(
a −c P 

)2 
)

/ 
(
2 br 2 

(
1 − θ2 

)(
5 − 2 θ2 

))

( DA , D ) = 

( 1 − r ) 
(
c D − c P 

)(
( 2 − rθ ) 

(
a − c D 

)
− 2 ( 1 − r ) 

(
a − c P 

))
br 2 

(
2 − θ2 

)

( DA , W ) 

 

( 1 − r ) 
(
c D − c P 

)((
4 − ( 1 + r ) θ2 

)(
a − c D 

)
−
((

4 − θ2 
)
( 1 − r ) + rθ

)(
a − c P 

))
4 br 2 

(
1 − θ2 

)

( DA , A ) = 

( 1 − r ) 
(
c D − c P 

)(
2 
(
a − c D 

)
− ( 2 − ( 2 − θ ) r ) 

(
a − c P 

))
br 2 

(
2 − θ2 

)

( DA , DW ) = 

((
a − c D 

)(
10 − 5 θ2 − θ4 − rθ

(
3 + 2 θ − 2 θ2 −θ3 

))
−

(
10 −5 θ2 − θ4 −r 

(
10 − 2 θ−5 θ2 + θ3 − θ4 

))
×

(
a − c P 

))
( 1 − r ) 

(
c D − c P 

)
/ 
(
2 br 2 

(
1 − θ2 

)(
5 − 2 θ2 

))

( DA , DA ) = 

( 1 − r ) 
(
c D − c P 

)(
ra − c D + ( 1 − r ) c P 

)
b ( 1 + θ ) r 2 

Below, we summarize how to derive the equilibrium profits re- 

ulting from each combination of distribution strategies. The ob- 

ective functions (i.e., profits) are sequentially maximized with the 

se of backward induction to obtain the SPNE for each of the dis- 

ribution strategies. In this summary, as an example, we show the 

olving process in the case of (DW, A). We first substitute q D 
2 

= 0

nto Eqs. (A1)–(A4). Then, substituting the inverse demand func- 

ions into the suppliers’ profits of �1 and �2 , we express the 

rofits as the functions of q D 
1 

, q P 
1 
, q P 

2 
, and w 1 . At Stage 3, Suppli-

rs 1 and 2 and the platform maximize their respective profits by 

olving ∂ �1 /∂ q 
D 
1 

= ∂ �2 /∂ q 
P 
2 

= ∂ π/∂ q P 
1 

= 0 . After substituting q D 
1 

,

 

P 
1 
, and q P 

2 
derived at Stage 3 and the inverse demand functions 

nto �1 and �2 , we solve ∂ �1 /∂ w 1 = 0 at Stage 2 to yield w 1 .

inally, inserting q D 
1 

, q P 
1 
, q P 

2 
, and w 1 derived above into �1 and �2 

ields the equilibrium profits. Similarly, in each case of distribution 

trategies other than (DW, A), we can obtain equilibrium profits by 

equentially maximizing the objective functions of the suppliers’ 

nd platform’s profits. For further details, see the detailed deriva- 

ion process of equilibrium profit in the online Supplementary Ma- 

erial file. �
Proof of Proposition 1. 

After evaluating the profits by the combinations of strategies 

ummarized above at c D = c P = c, we calculate the difference in 
599 
rofits between the distribution strategies. Using 0 < θ < 1 and 

 < r < 1 , each sign of the difference in profits resulting from dif-

erent combinations of the distribution strategies can be deter- 

ined as positive or negative, as shown in the series of inequal- 

ties below. In the following, we prove Cases (i), (ii), (iii), and (iv) 

n this proposition in turn. 

Proof of (i): Strategy DW is the best-response strategy of a sup- 

lier when the rival supplier chooses Strategy D or A. 

The eight inequalities given as follows with the use of the prof- 

ts shown above prove (i) in this proposition. 

( DW , D ) −�( D , D ) = θ4 ( a − c ) 
2 
/ 
(
4 b ( 2 + θ ) 

2 
(
20 − 10 θ2 + θ4 

))
> 0 

( DW , D ) − �( W , D ) = ( 2 − θ ) 
(
20 − θ4 

)
( a − c ) 

2 
/ 
(
8 b ( 2 + θ ) 

×
(
20 − 10 θ2 + θ4 

))
> 0 

( DW , D ) − �( A , D ) = 

(
θ4 + 4 r 

(
20 − 10 θ2 + θ4 

))
( a − c ) 

2 

/ 
(
4 b ( 2 + θ ) 

2 
(
20 − 10 θ2 + θ4 

))
> 0 

( DW , D ) −�( DA , D ) = 5 ( 2 − θ ) 
2 
( a − c ) 

2 
/ 
(
4 b 

(
20 − 10 θ2 + θ4 

))
> 0 

( DW , A ) − �( D , A ) = θ2 
(
r 
(
4 − θ2 

)
− θ

)2 
( a − c ) 

2 

/ 
(
4 b ( 2 + θ ) 

2 
(
20 − 2 ( 5 + 2 r ) θ2 + ( 1 + r ) θ4 

))
> 0 

( DW , A ) − �( W , A ) = 

(
80 ( 1 − ( 1 − r ) θ ) + 4 

(
5 − 24 r + 3 r 2 

)
θ2 

− 48 r 2 θ3 −
(
4 − 18 r − 26 r 2 + 4 r 3 

)
θ4 

+ 4 ( 1 + r ) 
(
1 + 2 r 2 

)
θ5 −

(
1 + 3 r + 5 r 2 + 3 r 3 

)
θ6 

)
× ( a − c ) 

2 
/ 
(
8 b 

(
4 − ( 1 + r ) θ2 

)
×

(
20 − 2 ( 5 + 2 r ) θ2 + ( 1 + r ) θ4 

))
> 0 

Although it seems difficult to determine that the sign of 
( DW , A ) − �( W , A ) is positive, it can be determined by taking the 

ollowing steps. First, because �( DW , A ) − �( W , A ) is a cubic function 

ith respect to r , the solution of r from �( DW , A ) − �( W , A ) = 0 is 

btained analytically as functions of θ . These values of r , expressed 

s functions of θ , do not fall into the range of 0 and 1 in the in-

erval of 0 < θ < 1 . This means that the sign of �( DW , A ) − �( W , A ) 

s the same within the region of 0 < r < 1 and 0 < θ < 1 regard-

ess of the values of the parameters θ and r . Substituting any 

ombination of θ satisfying 0 < θ < 1 and r satisfying 0 < r < 1

nto �( DW , A ) − �( W , A ) gives a positive value, which determines 
( DW , A ) − �( W , A ) as positive. 

�( DW , A ) − �( A , A ) 

= 

(
θ4 − r 2 θ4 

(
4 − θ2 

)
+ 2 r 

(
40 − 20 θ2 − 4 θ3 + 2 θ4 + θ5 

))
( a − c ) 

2 

4 b ( 2 + θ ) 
2 
(
20 − 2 ( 5 + 2 r ) θ2 + ( 1 + r ) θ4 

) > 0 . 

The sign of �( DW , A ) − �( A , A ) can be determined by taking the 

ollowing steps. First, because �( DW , A ) − �( A , A ) is a quadratic func- 

ion with respect to r , the solutions of r from �( DW , A ) − �( A , A ) = 0 

re obtained analytically as functions of θ . These values of r ex- 

ressed as the functions of θ do not fall into the range of 0 

nd 1 in the interval of 0 < θ < 1 . This means that the sign of
( DW , A ) − �( A , A ) is the same within the region of 0 < r < 1 and 

 < θ < 1 regardless of the values of the parameters θ and r . Sub-

tituting any combination of θ satisfying 0 < θ < 1 and r satisfying 
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 < r < 1 into �( DW , A ) − �( A , A ) gives a positive value, which deter- 

ines �( DW , A ) − �( A , A ) as positive. 

( DW , A ) − �( DA , A ) = ( 2 − θ ) 
(
10 − 5 θ − 2 ( 1 − r ) rθ2 − r 2 θ3 

)
×( a − c ) 

2 
/ 
(
4 b 

(
20 −2 ( 5 + 2 r ) θ2 + ( 1 + r ) θ4 

))
> 0 

Proof of (ii): When the other rival supplier chooses Strategy 

, Strategy D is the best-response strategy when θ > 0 . 184 , while

trategy DW is the best-response strategy when θ < 0 . 184 . 

The four differences in profits between suppliers’ distribution 

trategies given as follows prove (ii) in this proposition. 

( DW , W ) − �( D , W ) = θ2 
(
1280 − 5440 θ − 7888 θ2 − 2008 θ3 

+695 θ4 + 239 θ5 
)
( a − c ) 

2 
/ 
(
16 b ( 2 + θ ) 

2 
( 1 + θ ) 

×
(
40 − 13 θ2 

)2 )
Solving the equation that this formula is equal to zero with re- 

pect to θ , we can determine that �( DW , W ) − �( D , W ) is positive if 

< 0 . 184 and negative if θ > 0 . 184 . 

( DW , W ) − �( W , W ) = 

(
1600 − 1600 θ − 680 θ2 + 1080 θ3 

−107 θ4 − 182 θ5 + 51 θ6 
)
( a − c ) 

2 

/ 

(
2 b ( 2 − θ ) 

2 
(
40 − 13 θ2 

)2 
)

> 0 

( DW , W ) − �( DA , W ) = 

(
80 0 + 40 0 θ−630 θ2 − 370 θ3 + 73 θ4 + 51 θ5 

)
× ( a − c ) 

2 
/ 

(
2 b ( 1 + θ ) 

(
40 − 13 θ2 

)2 
)

> 0 

( D , W ) − �( A , W ) = 

(
265 + 128 θ − 16 ( 11 + 4 r ) θ2 

− 16 ( 5 + 3 r ) θ3 + 4 

(
6 + 5 r + r 2 

)
θ4 

+ 4 

(
3 + 4 r + r 2 

)
θ5 + ( 1 + r ) 

2 θ6 
)

× r ( a − c ) 
2 
/ 

(
16 b ( 2 + θ ) 

2 
(
4 −( 1 + r ) θ2 

)2 
)
> 0 

This sign is determined by taking the following steps. 

irst, because 265 + 128 θ − 16( 11 + 4 r ) θ2 − 16( 5 + 3 r ) θ3 + 

( 6 + 5 r + r 2 ) θ4 + 4( 3 + 4 r + r 2 ) θ5 + ( 1 + r ) 2 θ6 in the numer- 

tor of �( D , W ) − �( A , W ) is a quadratic function with respect to 

 , the solution of r from �( D , W ) − �( A , W ) = 0 is obtained an- 

lytically as functions of θ . However, the functions take only 

maginary values in the interval of 0 < θ < 1 . This means that

he sign of �( D , W ) − �( A , W ) is the same within the region of 

 < r < 1 and 0 < θ < 1 regardless of the values of the parameters

and r . Substituting any combination of θ ∈ ( 0 , 1 ) and r ∈ ( 0 , 1 )

nto �( D , W ) − �( A , W ) gives a positive value, which determines 
( D , W ) − �( A , W ) as positive, meaning that Strategy A cannot 

e the best-response strategy when the rival supplier chooses 

trategy W. 

Proof of (iii): Strategy D is the best-response strategy of a sup- 

lier if the rival supplier chooses Strategy DW. 

The four differences in profits between the suppliers’ distribu- 

ion strategies given as follows prove (iii) in this proposition. 

( D , DW ) − �( DW , DW ) = θ3 
(
30 0 0 0 − 17200 θ − 4680 θ2 

+ 6905 θ3 − 8225 θ4 − 219 θ5 + 3775 θ6 

−217 θ7 − 619 θ8 + 47 θ9 + 37 θ10 − 4 θ11 
)

×( a − c ) 
2 
/ 

(
4 b ( 1 + θ ) 

(
30 − 3 θ − 11 θ2 

−θ3 + θ4 
)

2 
(
20 − 10 θ2 + θ4 

)2 
)

600 
Numerically solving the equation that this value is equal to 0 

or θ shows that θ has no solution between 0 < θ < 1 . This means

hat the sign of �( D , DW ) − �( DW , DW ) is the same within the re- 

ion of 0 < θ < 1 regardless of the value of the parameter θ . Sub-

tituting any θ ∈ ( 0 , 1 ) into �( D , DW ) − �( DW , DW ) gives a positive 

alue, meaning that �( D , DW ) − �( DW , DW ) > 0 holds irrespective of 

he value of θ . 

( D , DW ) − �( W , DW ) = (320 0 0 0 − 6240 0 0 θ2 + 1920 0 0 θ3 

+ 45080 0 θ4 − 20240 0 θ5 − 15370 0 θ6 + 77920 θ7 

+ 24245 θ8 − 12995 θ9 − 1184 θ10 + 796 θ11 − 42 θ12 

+ 2 θ13 ) ( a −c ) 
2 
/ 

(
4 b ( 1 + θ ) 

(
40 −13 θ2 

)(
20 −10 θ2 + θ4 

)2 
)

Numerically solving the equation that this value is equal to 0 

or θ finds that θ has no solution between 0 < θ < 1 . This means

hat the sign of �( D , DW ) − �( W , DW ) is the same within the re- 

ion of 0 < θ < 1 regardless of the value of the parameter θ . Sub-

tituting any θ ∈ ( 0 , 1 ) into �( D , DW ) − �( W , DW ) gives a positive 

alue, meaning that �( D , DW ) − �( W , DW ) > 0 holds irrespective of 

he value of θ . 

( D , DW ) − �( A , DW ) = 

((
20 − 10 θ − 5 θ2 + 2 θ3 

)2 

4 b 
(
20 − 10 θ2 + θ4 

)2 

− ( 1 − r ) 
(
20 − 10 θ − ( 5 + 2 r ) θ2 + ( 2 + r ) θ3 

)2 

4 b 
(
20 − 2 ( 5 + 2 r ) θ2 + ( 1 + r ) θ4 

)2 

)

×( a − c ) 
2 

The numerator of �( D , DW ) − �( A , DW ) is expressed as a quadratic 

unction with respect to r . Solving the equation that this value is 

qual to 0 for r shows that r has no real solution in the interval

f 0 < θ < 1 . This means that the sign of �( D , DW ) − �( A , DW ) is the

ame within the region of 0 < r < 1 and 0 < θ < 1 regardless of

he values of the parameters θ and r . Substituting any combina- 

ion of θ ∈ ( 0 , 1 ) and r ∈ ( 0 , 1 ) into �( D , DW ) − �( A , DW ) gives a pos-

tive value, meaning that �( D , DW ) − �( A , DW ) > 0 holds irrespective 

f the values of θ and r . 

( D , DW ) − �( DA , DW ) = 

(
20 − 10 θ − 5 θ2 + 2 θ3 

)2 
( a − c ) 

2 

/ 

(
4 b 

(
20 − 10 θ2 + θ4 

)2 
)

> 0 

Proof of (iv): When the other rival supplier chooses Strategy DA, 

trategy W is the best-response strategy when θ > 0 . 845 , while 

trategy DW is the best-response strategy when θ < 0 . 845 . 

The four differences in profits between the suppliers’ distribu- 

ion strategies given as follows prove (iv) in this proposition. 

( DW , DA ) − �( D , DA ) = θ2 
(
4 − 3 θ − θ2 + θ3 

)2 
( a − c ) 

2 

/ 

(
4 b 

(
2 − θ2 

)2 (
1 − θ2 

)(
5 − θ2 

))
> 0 

( DW , DA ) − �( A , DA ) = 

(
θ2 

(
4 − 3 θ − θ2 + θ3 

)2 

+ 4 r ( 1 − θ ) 
3 
(
5 + 5 θ − 2 θ2 − 2 θ3 

))

×( a − c ) 
2 
/ 

(
4 b 

(
2 −θ2 

)2 (
1 −θ2 

)(
5 − 2 θ2 

))
> 0 

( DW , DA ) − �( DA , DA ) = 

(
5 − 10 θ + 7 θ2 − 2 θ3 + θ4 

)
( a − c ) 

2 

/ 
(
4 b 

(
1 − θ2 

)(
5 − 2 θ2 

))
> 0 
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These three inequalities imply that neither Strategy D, A, nor 

A is the best-response strategy if the other rival supplier chooses 

trategy DA. 

( DW , DA ) − �( W , DA ) = 

(
5 − 4 θ2 − 12 θ3 + 10 θ4 

)
( a − c ) 

2 

/ 
(
8 b 

(
1 − θ2 

)(
5 − 2 θ2 

))
This value is positive if θ < 0 . 845 and negative if θ > 0 . 845 .

herefore, Strategy W is the best-response strategy when θ > 

 . 845 , while Strategy DW is the best-response strategy when θ < 

 . 845 . �

Proof of Theorem 1. 

Table 2 shows the payoff matrix at Stage 1. The circled pay- 

ffs represent each supplier’s best-response strategy. Because the 

ariable on the left in parentheses represents Supplier 1 ′ s profit 

nd the variable on the right represents Supplier 2 ′ s profit, the cell 

ith both payoffs in parentheses circled corresponds to the SPNE. 

Proof of Theorem 2 . 

Evaluating the equilibrium profits of suppliers at c D = c P = c, 

e have the following inequality: 

( DW , D ) − �( D , DW ) = θ3 
(
20 − 15 θ + θ3 

)
( a − c ) 

2 

/ 

(
4 b 

(
20 − 10 θ2 + θ4 

)2 
)

> 0 , 

hich proves this theorem. �

Proof of Observation 1. 

If the assumption in Fig. 3 is altered such that two suppli- 

rs sequentially choose their respective distribution strategies at 

tage 1, the following strategies constitute the SPNE in the dy- 

amic game; namely, if the second-moving supplier chooses Strat- 

gy D, the first-moving supplier correctly anticipates this choice 

ased on backward induction, choosing Strategy DW. Conversely, 

f the second-moving supplier chooses Strategy DW, the first- 

oving supplier chooses Strategy D in anticipating the rival sup- 

lier’s choice. Therefore, if the first-moving supplier chooses Strat- 

gy DW, it obtains �( DW , D ) as its profit (i.e., payoff). Alternatively, 

f the first-moving supplier chooses Strategy D, it obtains �( D , DW ) 

s its profit. Because Theorem 2 shows that �( DW , D ) > �( D , DW ) 

olds, the first-moving supplier chooses Strategy DW and then the 

econd-moving supplier chooses Strategy D as the best-response 

trategy. Consequently, these sequential choices of the distribution 

trategies constitute the SPNE in the dynamic game. �

Equilibrium profit of a supplier in each distribution strat- 

gy combination under price competition in Section 7 and its 

erivation process 

The equilibrium profits of a supplier in each distribution strat- 

gy combination in price competition are as follows. The first no- 

ation in the superscript parentheses attached to � signifies the 

trategy chosen by the own supplier, and the second notation sig- 

ifies the strategy chosen by the rival supplier. 

( D , D ) = ( 1 − θ ) ( a − c ) 
2 
/ 
(
b ( 2 − θ ) 

2 
( 1 + θ ) 

)

( D , W ) = ( 1 − θ ) 
(
4 + θ − 2 θ2 

)2 
( a − c ) 

2 

/ 

(
4 b ( 2 − θ ) 

2 
( 1 + θ ) 

(
2 − θ2 

)2 
)

( D , A ) = ( 1 − θ ) ( a − c ) 
2 
/ 
(
b ( 2 − θ ) 

2 
( 1 + θ ) 

)

( D , DW ) = ( 1 − θ ) 
(
4 + 2 θ − θ2 

)2 
( a − c ) 

2 
/ 

(
16 b ( 1 + θ ) 

(
2 − θ2 

)2 
)

601 
( D , DA ) = ( 1 − θ ) ( a − c ) 
2 
/ ( 4 b ( 1 + θ ) ) 

( W , D ) = ( 1 − θ ) ( 2 + θ ) ( a − c ) 
2 
/ 
(
4 b ( 2 − θ ) ( 1 + θ ) 

(
2 − θ2 

))

( W , W ) = ( 1 − θ ) ( a − c ) 
2 
/ 
(
2 b ( 2 − θ ) 

2 
( 1 + θ ) 

)

( W , A ) = ( 1 − θ ) 
(
2 + ( 1 − r ) θ − rθ2 

)2 
( a − c ) 

2 

/ 
(
4 b ( 1 + θ ) 

(
2 − θ2 

)(
4 − ( 1 + r ) θ2 

))

( W , DW ) = ( 1 − θ ) 
(
4 + 2 θ − θ2 

)2 
( a − c ) 

2 
/ 

(
2 b ( 1 + θ ) 

(
8 − 5 θ2 

)2 
)

( W , DA ) = ( 1 − θ ) ( a − c ) 
2 
/ ( 8 b ( 1 + θ ) ) 

( A , D ) = ( 1 − r ) ( 1 − θ ) ( a − c ) 
2 
/ 
(
b ( 2 − θ ) 

2 
( 1 + θ ) 

)

( A , W ) = ( 1 − r ) ( 1 − θ ) 
(
8 + 6 θ − ( 3 + r ) θ2 − ( 2 + r ) θ3 

)2 
( a − c ) 

2 

/ 

(
4 b ( 1 + θ ) 

(
2 − θ2 

)2 (
4 − ( 1 + r ) θ2 

)2 
)

( A , A ) = ( 1 − r ) ( 1 − θ ) ( a − c ) 
2 
/ 
(
b ( 2 − θ ) 

2 
( 1 + θ ) 

)

( A , DW ) = ( 1 − r ) ( 1 − θ ) 
(
4 + 2 θ − θ2 

)2 
( a − c ) 

2 

/ 

(
16 b ( 1 + θ ) 

(
2 − θ2 

)2 
)

( A , DA ) = ( 1 − r ) ( 1 − θ ) ( a − c ) 
2 
/ ( 4 b ( 1 + θ ) ) 

( DW , D ) = ( 1 − θ ) ( 2 + θ ) 
2 
( a − c ) 

2 
/ 
(
8 b ( 1 + θ ) 

(
2 − θ2 

))

( DW , W ) = ( 4 + 3 θ ) 
2 
( 1 − θ ) 

(
2 − θ2 

)
( a − c ) 

2 

/ 

(
2 b ( 1 + θ ) 

(
8 − 5 θ2 

)2 
)

( DW , A ) = ( 1 − θ ) ( 2 + θ ) 
2 
( a − c ) 

2 
/ 
(
8 b ( 1 + θ ) 

(
2 − θ2 

))

( DW , DW ) = ( 1 − θ ) ( a − c ) 
2 
/ 
(
b ( 2 − θ ) 

2 
( 1 + θ ) 

)

( DW , DA ) = ( 1 − θ ) ( a − c ) 
2 
/ ( 4 b ( 1 + θ ) ) 

( DA , D ) = 0 

( DA , W ) = 0 

( DA , A ) = 0 

( DA , DW ) = 0 

( DA , DA ) = 0 

Below, we summarize how to derive the equilibrium profits re- 

ulting from each combination of distribution strategies. The ob- 

ective functions (i.e., profits) are sequentially maximized through 

he use of backward induction to obtain the SPNE in each case 
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f the distribution strategies. In this summary, as an example, we 

how the solving process in the case of (DW, A). We first substi- 

ute q D 
2 

= 0 into Eqs. (A1)–(A4) and solve the equations for q D 
1 

, q P 
1 
,

nd q P 
2 
, obtaining the demand functions. Then, substituting the de- 

and functions into the suppliers’ profits of �1 and �2 , we ex- 

ress the profits as the functions of p D 
1 

, p P 
1 
, p P 

2 
, and w 1 . At Stage

, Suppliers 1 and 2 and the platform maximize their respective 

rofits by solving ∂ �1 /∂ p 
D 
1 = ∂ �2 /∂ p 

P 
2 = ∂ π/∂ p P 1 = 0 . After sub-

tituting these p D 
1 

, p P 
1 
, and p P 

2 
derived at Stage 3 and the demand

unctions into �1 and �2 , we solve ∂ �1 /∂ w 1 = 0 at Stage 2 to

ield w 1 . Finally, inserting p D 1 , p P 1 , p P 2 , and w 1 derived above into

1 and �2 yields the equilibrium profits. Similarly, in each case 

f distribution strategies other than (DW, A), we obtain the equi- 

ibrium profits by sequentially maximizing the objective functions 

f the suppliers’ and platform’s profits. For further details, see the 

etailed derivation process of equilibrium profit in the online Sup- 

lementary Material file. �

Proof of Proposition 2 . 

With the use of 0 < θ < 1 and 0 < r < 1 , each sign of the differ-

nce in profits resulting from different combinations of distribution 

trategies can be determined as positive or negative, as shown in 

he series of inequalities below. In the following, we prove Cases 

i), (ii), (iii), and (iv) in this proposition in turn. 

Proof of (i): Strategy DW is the best-response strategy of a sup- 

lier when the rival supplier chooses Strategy D or A. 

The next eight inequalities with the use of the profits shown 

bove prove (i) in this proposition. 

( DW , D ) − �( D , D ) = θ4 ( 1 − θ ) ( a − c ) 
2 

/ 
(
8 b ( 2 − θ ) 

2 
( 1 + θ ) 

(
2 − θ2 

))
> 0 

( DW , D ) − �( W , D ) = ( 1 − θ ) ( 2 + θ ) ( a − c ) 
2 
/ ( 8 b ( 2 −θ ) ( 1 + θ ) ) > 0 

( DW , D ) − �( A , D ) = ( 1 − θ ) 
(
8 r 

(
2 − θ2 

)
+ θ4 

)
( a − c ) 

2 

/ 
(
8 b ( 2 − θ ) 

2 
( 1 + θ ) 

(
2 − θ2 

))
> 0 

( DW , D ) − �( DA , D ) = ( 1 − θ ) ( 2 + θ ) 
2 
( a − c ) 

2 

/ 
(
8 b ( 1 + θ ) 

(
2 − θ2 

))
> 0 

( DW , A ) − �( D , A ) = θ4 ( 1 − θ ) ( a − c ) 
2 

/ 
(
8 b ( 2 − θ ) 

2 
( 1 + θ ) 

(
2 − θ2 

))
> 0 

( DW , A ) − �( W , A ) = 

(
8 + 8 ( 1 + r ) θ − 2 

(
1 − 4 r + r 2 

)
θ2 

− 4 

(
1 + r 2 

)
θ3 −

(
1 + r + 2 r 2 

)
θ4 

)
× ( 1 − θ ) ( a − c ) 

2 

/ 
(
8 b ( 1 + θ ) 

(
2 − θ2 

)(
4 − ( 1 + r ) θ2 

))
> 0 

( DW , A ) − �( A , A ) = ( 1 − θ ) 
(
8 r 

(
2 − θ2 

)
+ θ4 

)
( a − c ) 

2 

/ 
(
8 b ( 2 − θ ) 

2 
( 1 + θ ) 

(
2 − θ2 

))
> 0 

( DW , A ) − �( DA , A ) = ( 1 − θ ) ( 2 + θ ) 
2 
( a − c ) 

2 

/ 
(
8 b ( 1 + θ ) 

(
2 − θ2 

))
> 0 

Proof of (ii): When the other rival supplier chooses Strategy 

, Strategy D is the best-response strategy when θ < 0 . 462 , while

trategy DW is the best-response strategy when θ > 0 . 462 . 
602 
The following four inequalities prove (ii) in this proposition. 

( DW , W ) − �( D , W ) = 

(
−64 + 112 θ + 152 θ2 − 177 θ3 

− 108 θ4 + 96 θ5 + 24 θ6 − 18 θ7 
)

× θ3 ( 1 − θ ) ( a − c ) 
2 

/ 

(
4 b ( 2 −θ ) 

2 
( 1 + θ ) 

(
2 −θ2 

)2 (
8 −5 θ2 

)2 
)

>0 

By solving 

θ3 ( 1 − θ )( −64 + 112 θ + 152 θ2 − 177 θ3 − 108 θ4 + 96 θ5 + 24 θ6 

18 θ7 ) = 0 with respect to θ , we can determine that the left-hand 

ide is negative if θ < 0 . 462 and positive if θ > 0 . 462 . 

( DW , W ) − �( W , W ) = ( 1 − θ ) 
(
64 − 72 θ2 + 16 θ3 + 21 θ4 − 9 θ5 

)
×( a − c ) 

2 
/ 

(
2 b ( 2 − θ ) 

2 
(
8 − 5 θ2 

)2 
)

> 0 

( DW , W ) − �( A , W ) = ( 1 − θ ) 

(
r 3 θ4 

(
8 ( 1 + θ ) − 5 θ2 ( 1 + θ ) 

)2 

− θ3 ( 2 + θ ) 
2 
(
64 − 112 θ − 152 θ2 + 177 θ3 

+ 108 θ4 − 96 θ5 − 24 θ6 + 18 θ7 
)

+ r 2 θ2 
(
−1024 − 1792 θ + 1088 θ2 + 3136 θ3 

+ 112 θ4 − 1916 θ5 − 439 θ6 + 488 θ7 + 151 θ8 

− 48 θ9 − 18 θ10 
)

+ r 
(
4096 + 6144 θ − 6912 θ2 − 13312 θ3 

+ 3136 θ4 + 11104 θ5 + 532 θ6 − 4616 θ7 

− 881 θ8 + 1010 θ9 + 296 θ10 − 96 θ11 −36 θ12 
))

× ( a − c ) 
2 
/ 

(
4 b ( 1 + θ ) 

(
8 − 5 θ2 

)2 (
2 − θ2 

)2 

×
(
4 − ( 1 + r ) θ2 

)2 
)

> 0 

Although it seems difficult to determine that the sign of 
( DW , W ) − �( A , W ) is positive, the sign can be determined by tak- 

ng the following steps. First, because �( DW , W ) − �( A , W ) is a cu- 

ic function with respect to r , the solution of r from �( DW , W ) −
( A , W ) = 0 is obtained analytically as a function of θ . Solving the 

quation �( DW , W ) − �( A , W ) = 0 for r yields only one real solution. 

his real solution of r , expressed as the function of θ , does not 

all into the range 0 and 1 in the interval of 0 < θ < 1 . This means

hat the sign of �( DW , W ) − �( A , W ) is the same within the region of 

 < r < 1 and 0 < θ < 1 regardless of the values of the parameters

and r . Substituting any combination of θ satisfying 0 < θ < 1 and 

 satisfying 0 < r < 1 into �( DW , W ) − �( A , W ) gives a positive value, 

hich determines �( DW , W ) − �( A , W ) as positive. 

( DW , W ) − �( DA , W ) = ( 4 + 3 θ ) 
2 
( 1 − θ ) 

(
2 − θ2 

)
( a − c ) 

2 

/ 

(
2 b ( 1 + θ ) 

(
8 − 5 θ2 

)2 
)

> 0 

Proof of (iii): Strategy D is the best-response strategy of a sup- 

lier if the rival supplier chooses Strategy DW. 

The following four inequalities prove (iii) in this proposition. 

( D , DW ) − �( DW , DW ) = θ3 ( 1 − θ ) 
(
16 − 8 θ2 + θ3 

)
( a − c ) 

2 

/ 

(
16 b ( 2 − θ ) 

2 
( 1 + θ ) 

(
2 − θ2 

)2 
)

> 0 

( D , DW ) − �( W , DW ) = ( 1 − θ ) 
(
4 + 2 θ − θ2 

)2 (
32 − 48 θ2 + 17 θ4 

)
×( a − c ) 

2 
/ 

(
16 b ( 1 + θ ) 

(
2 − θ2 

)(
8 −5 θ2 

)2 
)
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( D , DW ) − �( A , DW ) = r ( 1 − θ ) 
(
4 + 2 θ − θ2 

)2 
( a − c ) 

2 

/ 

(
16 b ( 1 + θ ) 

(
2 − θ2 

)2 
)

> 0 

( D , DW ) − �( DA , DW ) = ( 1 − θ ) 
(
4 + 2 θ − θ2 

)2 
( a − c ) 

2 

/ 

(
16 b ( 1 + θ ) 

(
2 − θ2 

)2 
)

> 0 

Proof of (iv): Strategy D and Strategy DW are the best-response 

trategies of a supplier if the other rival supplier chooses Strategy 

A. 

The following one equation and three inequalities prove (iv) in 

his proposition. 

( DW , DA ) − �( D , DA ) = 0 

( DW , DA ) − �( W , DA ) = ( 1 − θ ) ( a − c ) 
2 
/ ( 8 b ( 1 + θ ) ) > 0 

( DW , DA ) − �( A , DA ) = r ( 1 − θ ) ( a − c ) 
2 
/ ( 4 b ( 1 + θ ) ) > 0 

( DW , DA ) − �( DA , DA ) = ( 1 − θ ) ( a − c ) 
2 
/ ( 4 b ( 1 + θ ) ) > 0 

�

Proof of Theorem 3. 

Table 3 shows the payoff matrix at Stage 1. The circled pay- 

ffs represent each supplier’s best-response strategy. Because the 

ariable on the left in parentheses represents Supplier 1 ′ s profit 

nd the variable on the right represents Supplier 2 ′ s profit, the cell 

ith both payoffs in parentheses circled corresponds to the SPNE. 
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