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The rapid growth of e-commerce and the importance of shipping in the context of online re-
tailing have motivated online retailers to introduce the membership-based free shipping pro-
grams (MFS) programs in which retail platforms bear the shipping costs for purchases made
by members that have paid an upfront fee. In spite of the popularity of such programs and
the exemplary success of Amazon Prime, the mechanisms and implications of MF'S have not
been thoroughly investigated. In this dissertation, we study the economics of membership-
based free shipping programs in online marketplaces from three distinct perspectives and

provide insights to better leverage such programs in the online retailing industry.

In the first chapter, we examine the strategic implications of MFS. We find that the mem-
bership fee collected by a platform does not even cover the shipping cost. However, MF'S can
benefit the platform because of its positive impacts on price and demand. Consumers, on
the other hand, are not necessarily better off, despite higher level of consumption. Moreover,
MFS could hurt the society because it may overstimulate demand from low value transac-
tions and thus incur social waste. Our results imply that MFS cannot be simply considered
as a pure shipping cost transfer mechanism; online retailers who aim to benefit from it should

take into consideration the strategic benefits of it.
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In the second chapter, we identify the strategic relationship between an online retailer’s
consumer-side MFS adoption and its supplier-side business model shift from the agency
model of selling, where a retailer allows a manufacturer to sell on the retailer site for a
commission on the sale price, to the wholesale resale model, where the retailer buys from the
manufacturer at a wholesale price and resells to consumers at a retail price. We find that
such shift enhances the value of MF'S to the retailer in the sense the retailer gains more from
MFS and MFS is profitable to the retailer in a larger region of the parameter space under
the agency model than the wholesale model. The retailer’s gain from MFS comes at the
expense of consumers and the society under the wholesale model, but the consumers and the
society can also benefit from MFS under the agency model. The key driver of these results
is that, under the wholesale model, MF'S increases the severity of the double-marginalization
problem because of larger retailer’s marginal cost; however, under the agency model, MFS
reduces the impact of marginalization at the manufacturer end because the manufacturer

faces consumers with smaller purchasing cost on average.

In the last chapter, we focus on MFS in the context of platform competition. We would
like to understand how MFS serves as an innovative marketing tool that grants unique
competitive advantages and how competition in turn influences the adoption of MFS. By
analyzing online retailers’ MFS decisions in a competitive environment, we show that low
shipping cost generally encourages the adoption of MFS that could benefit the adopter in
terms of price, demand, and market share. Online retailers, however, are not necessarily
better off with MFS. Particularly when shipping cost is attractive to induce MFS adoption
on both sides but not low enough to justify the profitability, online retailers fall into prisoner’s
dilemma where they are forced to adopt MFS that ends up hurting them both. Moreover,
our analysis suggests that MF'S is more likely to appear in the presence of competition than
in a monopoly scenario, which provides a reasonable explanation to firms’ growing interest

toward and the striking popularity of MFS.
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CHAPTER 1

INTRODUCTION

1.1 Strategic Implications of Online Retail Platforms’ Membership-Based Free

Shipping Programs

Online retail platforms (hereafter, platforms) that allow third-party sellers to sell their prod-
ucts on those platforms offer consumers enormous benefits, such as huge product selection
and convenience. At the same time, shipping physical products to consumers is an indispens-
able but costly operation in online retailing because of the geographical separation of buyers
and sellers/products. Industry experts often cite the shipping cost as the Achilles” heel of
e-commerce that hinders its growth (Fierce Retail, 2014; Information Agel 2015)). Shipping
cost is also recognized as a key factor that affects online consumers’ purchasing decisions and
satisfaction (Rosen and Howard, 2000; Trocchia and Janda, 2003; |Janda et al., 2002; |[Pyke
et al} [2001), and consumers are known to not complete their purchases when the shipping
cost is added to the price at the checkout point(comScorel 2012).

Recognizing the importance of shipping cost in online consumers’ purchase decisions,
platforms have recently introduced innovative programs related to shipping that seek to
reduce the shipping cost burden on consumers. One such program is the membership-
based free shipping (MFS). Examples of MFS programs include Amazon Prime, ShopRunner,
Walmart.com’s now defunct ShippingPass, and Walmart.com’s recently introduced Delivery
Unlimited. While these programs are not identical in every respect, a common element of
these programs is that once a consumer becomes a member of the program by paying an
upfront membership or subscription fee, the platform ships products for free to the member
whenever she makes a purchase during the membership period. The popularity of MFS
programs is evident from the size of the Amazon Prime program which currently has more
than 100 million members in the United States, representing about 57% of Amazon customers

(https://www.cirpllc.com).



Despite the popularity of MFS programs, industry experts are divided in their opin-
ions about the effectiveness of these programs to increase platforms’ profits (Time, 2011}
CNET, 2015; The Motley Fool, 2016} MIT Technology Review, |2016). Some experts claim
that MFS programs play a pivotal role in helping platforms deliver profits (CNET] 2015}
The New York Times| |2015) and argue that platforms would lose money if there were no
membership revenue (The Motley Fool, [2016). Those experts often compare MFS programs
to the membership programs of wholesale clubs such as Costco, which derive bulk of their
profits from membership fees rather than product sales; Costco’s operating income in 2018
was $4.5 billion which included the $3.1 billion membership fee (Costcol [2018). On the con-
trary, other experts claim that unlimited free shipping costs significant amount of money to
the platforms, hurting their bottom lines (CNET} 2016b; Independent), [2015; Market Watchl,
2015)). For instance, they point to Amazon’s increasing shipping costs which accounted for
14 percent of its net sales in year 2017 (Statistal, 2018)). The value of MFS programs to
consumers is also keenly debated. Since consumers pay an upfront fee to join these pro-
grams, figuring out if the membership is worth the fee is another issue for which there is no
consensus among experts (CR Consumer Reports, 2016; CNET) [2016a; The Street, 2016]).
Furthermore, whether or not MFS programs improve the overall welfare of stakeholders in
the system such as platform, sellers, and consumers, remains an unexplored question, though
it has been reported that the free shipping programs exacerbate broader societal costs such
as carbon footage, packaging waste, and driver safety (Buzz Feed News| 2018; |Forbes, 2018}
The New York Times| 2019).

In spite of the significant attention given to MFS programs in the popular press and
their more than decade-long existence (Amazon introduced the Prime program in year 2005),
there has been little academic research on this topic. Moreover, discussions in the popular
press regarding the profitability of MFS programs to platforms or the potential benefit to

consumers have revolved around shipping cost and membership fee, presumably because free



shipping is at the core of these programs. However, the impacts of these programs go well
beyond shipping as they have implications for various parties involved with these programs,
such as the platform, the third-party sellers that sell via the platform, and consumers that
buy in the platform. Assessing the benefits of MFS programs without accounting for their
strategic impacts could lead to flawed conclusions and an incomplete understanding of these
programs. In this chapter, we seek to articulate the strategic effects of MF'S programs using
a game-theoretical model. Specifically, we seek to answer the following research questions:

(1) For a platform, does the membership fee cover the shipping costs? Alternatively, for
a member, does the shipping cost saving pay for the membership?

(2) Who benefits from the MFS program? Is it the platform, consumers, and/or the
society?

We consider a dominant online platform where independent third-party sellers sell their
products to consumers using an agency pricing model, i.e., sellers pay a percentage of sale
price as commission to the platform. In return, the platform provides various value-added
services to sellers, such as online storefronts, product review systems, and recommendation
systems. Such a business model is ubiquitous in online retailing and is used by platforms
such as Amazon, Walmart.com, and ShopRunner. For instance, Amazon sells a majority of
its products and more than 90% of products in several product categories using the agency
pricing model (Jiang and Srinivasan, [2011). In the absence of the MF'S program, consumers
pay not only the product price but also the shipping cost. If the platform implements the
MFS program, then the platform pays the shipping cost for program members. We develop
a game-theoretical model of this context with two sellers, each selling a single product, to
assess the implications of the MF'S program for the stakeholders by comparing the equilibrium
outcomes in the presence of the MFS program with those in its absence.

The key findings and implications of our study are the following:



(i) The membership fee collected by the platform does not cover the cost it incurs in
shipping products purchased by members during the membership period. Thus, solely from
the perspective of shipping, the MF'S program hurts the platform and benefits the members.

(ii) Despite the platform’s shipping-related loss, the MFS program still benefits the plat-
form when the shipping cost is less than a threshold value. The platform benefits the most
from the MFS program when the shipping cost is moderate.

(iii) The MFS program hurts consumers overall. The MFS program hurts not only
non-members but also members. The higher product price consumers pay under the MFS
program compared to when there is no MF'S program offsets the shipping cost related savings
members enjoy.

(iv) Even though the MFS program increases the overall demand and the platform finds
the program to be profitable, it is not necessarily social welfare-enhancing. The MFS program
stimulates extra demand from members that have a low utility for the products. The society’s
gain from this extra demand could fall short of the shipping cost required to satisfy this
demand under the MFS program, thus hurting the social welfare. Therefore, even when the
other societal costs associated with extra demand are ignored, the MFS program could still
hurt the society based on consumption benefits and shipping costs alone.

The findings suggest that the the MFS program is a strategic vehicle for the platform to
benefit at consumers’, and sometimes also at the society’s, expense. We demonstrate that our
findings are driven by several effects regarding how sellers and consumers respond to the MFS
program. Hence, judging the MFS program purely as a cost transfer mechanism between
the platform and the consumers can lead to misleading and incorrect conclusions. Finally,
despite the similarity between the MFS programs of online retailers and the membership
programs of physical stores such as Costco, the implications of these programs can be quite
different and the differences could be attributed to the role of shipping which is likely to be

more significant in online retailing than physical retailing.



1.2 Value of Membership-Based Free Shipping in Online Retailing: Impact of

Upstream Pricing Model

Shipping products to consumers is an indispensable and a costly activity in online retailing
(Fierce Retail, 2014} Information Age, 2015). Moreover, the shipping cost plays a pivotal
role in online consumers’ purchasing decisions and satisfaction (Rosen and Howard, 2000}
Sawhney, 1999; [Ernst and Young), [1999; [Trocchia and Janda, 2003} | Janda et al., 2002} [Pyke
et al} 2001). The consumers typically pay the shipping cost, though the sellers often absorb
this cost when the transaction amount exceeds a threshold. A recent development related
to shipping is the membership-based free shipping (MFS) program which seeks to mitigate
the shipping cost burden of consumers.

While MFS is an innovation on the downstream consumer-side of online retailing, we
have been witnessing a gradual shift in the upstream business model between the retailer
and the suppliers. Large online retailers such as Amazon.com, Walmart.com, Sears.com,
and Buy.com started with the reselling or wholesale model for most products, in which the
retailers buy products at wholesale prices and subsequently resells them to consumers at
retail prices. However, those retailers have now become platforms for third-party sellers,
and they typically use the agency model, in which sellers sell their products directly to
consumers for a commission on the sale price. (Seller Labs| 2016; [The Wall Street Journal,
2010; |Dealnews, [2013}; |Sears Holding;, 2010)). The significance of the agency model in current
online retailing is evident from Amazon’s recent disclosure that third-party sellers accounted
for 58 percent of total physical gross merchandise sales on Amazon in 2018, up from just 3
percent in 1999, and this percentage has been steadily increasing[] The shift in the business
model of online retailing has also drawn significant attention from industry experts who have
argued the need for online retailers to align their strategies and operational practices to the

agency model (Wired, [2015; Zhu and Furr, 2016; The Marketing Journal, 2017).

Thttps://www.statista.com/chart /18751 /physical-gross-merchandise-sales-on-amazon-by-type-of-seller/



On surface, the upstream pricing model and the downstream MFS program seem unre-
lated to each other because each strategy seeks to achieve a different objective. The agency
model shifts the retailer’s focus to providing value-added services and transfers the key re-
tailing function of product pricing to upstream third-party sellers. On the other hand, the
MF'S program seeks to eliminate shipping cost burden of downstream consumers, specifically
program members. Moreover, while the online retailer incurs a direct additional cost, viz.,
members’ shipping cost, when it offers a MFS program, there is no direct additional cost
to the retailer when it accommodates third-party sellers on its siteﬂ However, observations
suggest that the MFS program is prevalent only among retailers that use the agency (or
platform) model of selling. For instance, Amazon introduced the Prime program in 2005
by which time approximately 30% of its product sales by volume had been coming from
third-party sellersﬁ While Walmart did not have a program similar to Amazon Prime when
it was a reseller, it introduced its ShippingPass program after it became a marketplace by
purchasing jet.com. ShopRunner has always been a marketplace operating under the pure
agency model. On the contrary, we do not observe free shipping programs offered by online
retailers who are resellers using the wholesale model. These observations raise the questions
of whether a retailer achieves a higher benefit from the MFS program under the agency
model than the wholesale model, and if so, why.

We answer those questions by analyzing a stylized game-theoretic model of a context in
which a manufacturer sells his product to consumers via an online retailer, using either the
agency model or the wholesale model. Under the agency model, the manufacturer sets the
retail price and pays a percentage of the sale price as commission to the retailer. Under the

wholesale model, the manufacturer sets the wholesale price, and the retailer sets the retail

20n the contrary, some argue that the retailers incur lower costs under the agency model than the
wholesale model (Jiang et al., |2011; |Digital Business Models| 2013]).

3https://www.marketplacepulse.com/stats/amazon /amazon-percent-of-gross-merchandise-volume-by-
third-party-sellers-157



price. In the absence of the MFS program, consumers bear the shipping cost for product
delivery. If the retailer implements the MFS program, he pays the shipping cost for the
members during the membership period. We use the scenario with no MFS program as
the benchmark to assess the impact of the MFS program under the agency and wholesale
models. We then compare the value of the MFS program under the two pricing models.

We show that the retailer indeed gains more from the MFS program under the agency
model than the wholesale model, and the retailer finds the MF'S program to be profitable in
a larger region of the parameter space under the agency model compared to the wholesale
model. The retailer’s gain from the MFS program under the wholesale model comes solely
at the expense of consumers; consumers pay higher prices under the MFS program while
consuming, on average, the same amount whether or not the MFS program is adopted. In
contrast, consumer surplus can be higher in the presence of the MFS program than in its
absence under the agency model because MFS enhances the total demand. Non-members
are always worse off with the MFS program than without under both pricing models as
a result of negative externalities imposed by members’ participation in the form of higher
prices; interestingly, some members can also be hurt by the MFS program. Finally, society
as a whole is always worse off, surprisingly, with the MFS program than without under the
wholesale model, although the overall demand is unaffected by the MFS program. On the
flip side, society can be better off with the MF'S program under the agency model in certain
conditions by virtue of the demand enhancement effect.

The benefits of the agency model over the wholesale model in a channel structure in many
contexts are typically attributed to the problem of double-marginalization which is present
in the wholesale model, but is absent in the agency model. Our results are driven not just
by the presence or absence of double-marginalization, but by how the MFS program affects
the severity of double-marginalization in the wholesale model and single marginalization

in the agency model. The MFS program exacerbates the double-marginalization problem,



measured as the reduction in the channel profit from double marginalization when compared
to single marginalization, in the wholesale model. The MFS program transfers the shipping
cost from the consumers to the retailer. This additional marginal cost on the retailer, on
top of the wholesale price that the retailer incurs whether or not the MFS program exists,
worsens the double-marginalization problem in the wholesale model. On the other hand,
marginalization exists only at the manufacturer’s end (i.e., single marginalization) in the
agency model because the manufacturer sets the retail price. The MFS program eliminates
the shipping cost incurred by the consumers which is analogous to reducing the marginal
cost of the manufacturer. Effectively, the MFS program mitigates (single) marginalization at
the manufacturer end. Together, these effects of MF'S on marginalization in the two models
drive the results of this chapter. This insight is new to the literature in that we are unaware
of a study in which the benefits of a downstream strategy are affected by its impacts on the
marginalization feature exhibited by the upstream pricing model.

Moreover, our findings make significant contributions to two research streams in online
retailing, and offers several implications for practitioners. One, this research provides new
insights into the strategic drivers of (retailer’s) profitability from MFS programs and how
a retailer’s upstream pricing model can impact the value from downstream MFS strategies.
Specifically, our results reveal that the MFS program might be regarded as an unprofitable
strategy if it is evaluated based solely on the shipping cost incurred by the retailer in serving
members and the membership fee she collects from them. However, the MF'S program could
be a profitable strategy for the retailer if the benefits from the strategic impacts of the
program are accounted for. Similarly, on the consumer side, even though members realize
savings via the MFS program in shipping cost, some members (and all non-members) are
hurt by the MFS program. Finally, the possible negative impact of the MFS program on
the society reveals that the MFS program cannot be viewed as a simple transfer of the

shipping cost burden from consumers to the retailer with no societal impact; the impacts of



the MFS program go beyond the transfer of the shipping cost. These findings demonstrate
that viewing the MF'S program solely through the shipping lens leads to incorrect conclusions
about the program.

Two, the findings are new to the literature that studies the wholesale and agency models.
The extant literature has generally examined how exogenous market characteristics such de-
mand and competition affect the firms differently depending on the pricing model. However,
the literature has not examined the role of shipping (or product distribution) under these
models, possibly because shipping is a significant activity primarily in online retailing. More
importantly, our findings provide insights into how the pricing model affects the value of an
endogenous strategy such as the MFS program, which is under the control of the retailer.
Our findings suggest that as the agency model becomes more widespread in online retailing
in the form of platform selling, online platforms would find introduction of a MFS program
to be more attractive. These insightful results extend our understanding of the drivers of

the transformations occurring in online retailing.

1.3 Membership-Based Free Shipping Programs: A New Vehicle to Gain Com-

petitive Advantage for Online Retailers?

Online retailing is growing three times faster than the overall retail industry (BusinessIn-
sider, 2017). Within online retailing, the platform model of selling in which a retail platform,
serving as a marketplace, offers products from third-party sellers for purchase for a commis-
sion has expanded significantly in recent years (The Marketing Journal, 2017)). For example,
about half of the sales of Amazon comes from third-party sellers (Statistal 2017). Other
retailers, such as Walmart, have also adopted the platform model for their online operations.
In the platform model of selling, the traditional marketing mix elements—product, price,

promotion, and place, known as 4Ps (McCarthy, 1968)—may not be as useful to online



retailers to gain competitive advantage or achieve differentiation. For instance, under plat-
form selling, the product and pricing decisions are made by the upstream third-party sellers
and thus not under the control of online retailers. The locational advantages brick-and-
mortar retailers may enjoy generally do not exist for online retailers. Any technology-based
value-added services, such as recommender systems, product reviews or seller rating fea-
tures, and advertising and promotion activities are often easily replicated by competitors,
thereby resulting in no long-term competitive edge and perhaps even more intense competi-
tion. Recognizing the possible limitations of traditional marketing efforts in online platforms,
the marketing community has advocated the need for rethinking the marketing strategies
for online retailing (DigitalTontol 2013).

In recent years, online retail platforms have started competing through shipping pro-
grams. Product shipping or delivery is not a major concern for brick-and-mortar firms
(except perhaps for large bulky items) and thus it has not been viewed as a significant ele-
ment for differentiation by these firms. However, shipping is an indispensable part of online
retailing for all (both large and small) physical products. In online retailing, shipping cost
is the second highest cost component after the product purchase price (Fierce Retail, 2014}
Information Age, 2015)), and the shipping cost plays a pivotal role in consumers’ purchas-
ing decisions and satisfaction (Rosen and Howard, |2000; Sawhney, |1999; [Ernst and Young],
1999; [Trocchia and Janday, 2003} [Janda et al., [2002; Pyke et al., [2001). Recognizing the im-
portance of shipping in consumers’ purchase process, online retail platforms have launched
several innovations related to product shipping. One such innovation is membership-based
free shipping (MFS). While the first such program, Amazon Prime, was launched more than
a decade ago in 2005, there has been little research on the role of these programs in a
competitive setting.

In this chapter, we examine the impact of MFS-based competition between online retail

platforms and seek to answer two important but related research questions:
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(1) Does the adoption of MFS program mitigate or intensify online retail platform com-
petition?

(2) Does competition encourage the adoption of the MFS program by online retail plat-
forms?

To address the above questions, we develop a game-theoretic model in which two retail
platforms sell (imperfectly) substitutable products from a manufacturer. We examine the
equilibrium outcomes when only one or both platforms offer an MFS program. Using the
scenario with no MFS program as the benchmark, we evaluate the MFS program’s impact
on competition between retailers and whether competition encourages or suppresses the
adoption of MF'S.

We show that the shipping cost plays a critical role in determining the impact of MFS
under retail competition. When the shipping cost is high, neither retail platform has an
incentive to adopt MFS. When the shipping cost is moderate, one of the platforms adopts
MFS but the other one does not. In this asymmetric adoption equilibrium, the platform
that does not adopt MFS is worse off and the platform that adopts the MFS is better
off compared to the benchmark case where neither adopts the MFS program. When the
shipping cost is low, both platforms adopt MFS in the equilibrium. However, the platforms
are not necessarily better off when they implement MFS compared to the benchmark case.
In particular, when the shipping cost is not too low, both platforms are hurt when they
adopt MFS than when they do not, akin to the prisoners’ dilemma situation. We identify
price increasing, purchase enhancing, and market expansion effects of the MFS program for
the implementing retailer as primary drivers for our findings.

Furthermore, we show that competing retailers indeed have a higher incentive to adopt
MFS than a monopoly retailer. The result is particularly interesting because a monopolist
retailer will never adopt MF'S if it is not profitable to him, but competing retailers sometimes
adopt MF'S even if it hurts them. The findings suggest that shipping programs can indeed

be a new vehicle for online retailer platforms to compete with each other.
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CHAPTER 2
STRATEGIC IMPLICATIONS OF ONLINE RETAIL PLATFORMS’

MEMBERSHIP-BASED FREE SHIPPING PROGRAMS

2.1 Introduction

Online retail platforms (hereafter, platforms) that allow third-party sellers to sell their prod-
ucts on those platforms offer consumers enormous benefits, such as huge product selection
and convenience. At the same time, shipping physical products to consumers is an indispens-
able but costly operation in online retailing because of the geographical separation of buyers
and sellers/products. Industry experts often cite the shipping cost as the Achilles’ heel of
e-commerce that hinders its growth (Fierce Retail, 2014; Information Agel 2015)). Shipping
cost is also recognized as a key factor that affects online consumers’ purchasing decisions and
satisfaction (Rosen and Howard, 2000; Trocchia and Janda, 2003; |Janda et al., 2002; |[Pyke
et al.; 2001), and consumers are known to not complete their purchases when the shipping
cost is added to the price at the checkout point(comScore, 2012).

Recognizing the importance of shipping cost in online consumers’ purchase decisions,
platforms have recently introduced innovative programs related to shipping that seek to
reduce the shipping cost burden on consumers. One such program is the membership-
based free shipping (MFS). Examples of MFS programs include Amazon Prime, ShopRunner,
Walmart.com’s now defunct ShippingPass, and Walmart.com’s recently introduced Delivery
Unlimited. While these programs are not identical in every respect, a common element of
these programs is that once a consumer becomes a member of the program by paying an
upfront membership or subscription fee, the platform ships products for free to the member
whenever she makes a purchase during the membership period. The popularity of MFS
programs is evident from the size of the Amazon Prime program which currently has more
than 100 million members in the United States, representing about 57% of Amazon customers

(https://www.cirpllc.com).
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Despite the popularity of MFS programs, industry experts are divided in their opin-
ions about the effectiveness of these programs to increase platforms’ profits (Time, 2011}
CNET, 2015; The Motley Fool, 2016} MIT Technology Review, |2016). Some experts claim
that MFS programs play a pivotal role in helping platforms deliver profits (CNET] 2015}
The New York Times| |2015) and argue that platforms would lose money if there were no
membership revenue (The Motley Fool, [2016). Those experts often compare MFS programs
to the membership programs of wholesale clubs such as Costco, which derive bulk of their
profits from membership fees rather than product sales; Costco’s operating income in 2018
was $4.5 billion which included the $3.1 billion membership fee (Costcol [2018). On the con-
trary, other experts claim that unlimited free shipping costs significant amount of money to
the platforms, hurting their bottom lines (CNET} 2016b; Independent), [2015; Market Watchl,
2015)). For instance, they point to Amazon’s increasing shipping costs which accounted for
14 percent of its net sales in year 2017 (Statistal, 2018)). The value of MFS programs to
consumers is also keenly debated. Since consumers pay an upfront fee to join these pro-
grams, figuring out if the membership is worth the fee is another issue for which there is no
consensus among experts (CR Consumer Reports, 2016; CNET) [2016a; The Street, 2016]).
Furthermore, whether or not MFS programs improve the overall welfare of stakeholders in
the system such as platform, sellers, and consumers, remains an unexplored question, though
it has been reported that the free shipping programs exacerbate broader societal costs such
as carbon footage, packaging waste, and driver safety (Buzz Feed News| 2018; |Forbes, 2018}
The New York Times| 2019).

In spite of the significant attention given to MFS programs in the popular press and
their more than decade-long existence (Amazon introduced the Prime program in year 2005),
there has been little academic research on this topic. Moreover, discussions in the popular
press regarding the profitability of MFS programs to platforms or the potential benefit to

consumers have revolved around shipping cost and membership fee, presumably because free
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shipping is at the core of these programs. However, the impacts of these programs go well
beyond shipping as they have implications for various parties involved with these programs,
such as the platform, the third-party sellers that sell via the platform, and consumers that
buy in the platform. Assessing the benefits of MF'S programs without accounting for their
strategic impacts could lead to flawed conclusions and an incomplete understanding of these
programs. In this paper, we seek to articulate the strategic effects of MFS programs using a
game-theoretical model. Specifically, we seek to answer the following research questions:

(1) For a platform, does the membership fee cover the shipping costs? Alternatively, for
a member, does the shipping cost saving pay for the membership? (2) Who benefits from
the MFS program? Is it the platform, consumers, and/or the society?

We consider a dominant online platform where independent third-party sellers sell their
products to consumers using an agency pricing model, i.e., sellers pay a percentage of sale
price as commission to the platform. In return, the platform provides various value-added
services to sellers, such as online storefronts, product review systems, and recommendation
systems. Such a business model is ubiquitous in online retailing and is used by platforms
such as Amazon, Walmart.com, and ShopRunner. For instance, Amazon sells a majority of
its products and more than 90% of products in several product categories using the agency
pricing model (Jiang and Srinivasan, [2011)). In the absence of the MFS program, consumers
pay not only the product price but also the shipping cost. If the platform implements the
MF'S program, then the platform pays the shipping cost for program members. We develop
a game-theoretical model of this context with two sellers, each selling a single product, to
assess the implications of the MF'S program for the stakeholders by comparing the equilibrium
outcomes in the presence of the MFS program with those in its absence.

The key findings and implications of our study are the following:

(i) The membership fee collected by the platform does not cover the cost it incurs in
shipping products purchased by members during the membership period. Thus, solely from

the perspective of shipping, the MF'S program hurts the platform and benefits the members.
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(ii) Despite the platform’s shipping-related loss, the MFS program still benefits the plat-
form when the shipping cost is less than a threshold value. The platform benefits the most
from the MFS program when the shipping cost is moderate.

(iii) The MFS program hurts consumers overall. The MFS program hurts not only
non-members but also members. The higher product price consumers pay under the MFS
program compared to when there is no MF'S program offsets the shipping cost related savings
members enjoy.

(iv) Even though the MFS program increases the overall demand and the platform finds
the program to be profitable, it is not necessarily social welfare-enhancing. The MFS program
stimulates extra demand from members that have a low utility for the products. The society’s
gain from this extra demand could fall short of the shipping cost required to satisfy this
demand under the MFS program, thus hurting the social welfare. Therefore, even when the
other societal costs associated with extra demand are ignored, the MFS program could still
hurt the society based on consumption benefits and shipping costs alone.

The findings suggest that the the MFS program is a strategic vehicle for the platform to
benefit at consumers’, and sometimes also at the society’s, expense. We demonstrate that our
findings are driven by several effects regarding how sellers and consumers respond to the MFS
program. Hence, judging the MFS program purely as a cost transfer mechanism between
the platform and the consumers can lead to misleading and incorrect conclusions. Finally,
despite the similarity between the MFS programs of online retailers and the membership
programs of physical stores such as Costco, the implications of these programs can be quite
different and the differences could be attributed to the role of shipping which is likely to be

more significant in online retailing than physical retailing.
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2.2 Related Literature

The MFS programs are a recent phenomenon and academic research on this topic is limited.
However, the MFS programs share a few characteristics with loyalty programs that are
popular among brick-and-mortar retailers and in the airline industry. For instance, in loyalty
programs as well as MFS programs, consumers need to sign up first for the program, and
those who sign up as members enjoy benefits that non-members do not. Since the seminal
works of (Klemperer} |1987) and (Farrell, |1987)), researchers have examined the impacts of
loyalty programs on brand loyalty, repeat-purchase patterns, and customer retention (Sharp
and Sharp, 1997; [Dowling and Uncles| |1997; [Uncles et al., 2003; [Yi and Jeon, 2003} |Lewis,
2004; |Ashley et all 2016). These studies show that loyalty programs can lock in customers,
increase switching cost, increase customer loyalty, and soften competition between firms.
Our work differs from this stream of research along several dimensions. First, while a loyalty
program is an ex-post reward mechanism in the sense that the reward amount is often
proportional to how much the consumer has already spent at the firm, the MFS is a front-end
subscription-based program that promises future savings. Second, loyalty programs generally
offer free membership. Therefore, participation decisions of consumers are not necessarily
strategic. However, since membership in MF'S programs is not free, consumers have to assess
the expected future benefits of the MFS program in relation to the membership fee they have
to pay before making the joining decision. Finally, there is one dominant platform that the
consumer can buy from in our model, and thus the question of whether the consumer remains
loyal to the platform or switches to another platform does not arise in our context. Thus,
our results are not driven by how MFS affects competition between platforms.

The MFS program is also related to the two-part tariff scheme in the sense that the
membership fee can be considered as a lump-sum fee and the price as the per-unit charge
(O1, 1971; Littlechild, 1975; [Yin, 2004} [Reisinger} [2014). A principal finding of research in

two-part tariff is that a discriminatory two-part tariff policy with price equal to marginal
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cost maximizes a monopoly’s profit and that it is attractive even under competitive settings,
compared to a linear pricing scheme. However, a key difference between the MFS programs
and two-part tariff schemes is that a single firm jointly determines the optimal lump-sum fee
and per-unit charge in a two-part tariff setting while the membership fee and purchase price
are decided by different firms—the platform and sellers respectively—in the MFS program.

Some recent work has started to examine free shipping in the online retailing context.
Wen and Lin| (2017) study the impact of the MFS program when one of two competing
retailers adopts the program. They show that the MFS program benefits both retailers by
softening the price competition between them. [Tan et al. (2015) compare two free shipping
programs: free shipping with a minimum order quantity (referred to as Contingent Free
Shipping) and free expedited shipping with a membership. They show that the free expe-
dited shipping with membership benefits retailers when the value of expedited shipping is
sufficiently high. A key difference between our model and the models used by these two
papers is that they assume an exogenous fixed demand that is unaffected by the MFS pro-
gram, but we endogenize the demand and show that the demand is indeed affected by the
MEFES program. In fact, this finding is consistent with the anecdotal observation that Amazon
prime members consume more than non-members. Moreover, Tan et al.| (2015) assess the
free shipping programs from the order quantity perspective when consumers incur holding
cost and focus on the trade-off between holding cost savings and utility from expedited ship-
ping. In contrast, we seek to isolate and articulate the impacts of only free shipping—which

is the core element of MF'S programs—without benefits such as expedited shipping.

2.3 Model

We consider a dominant online platform R that allows third-party sellers to sell their products
in it for a commission equal to « fraction of the sale price. We want to note that we also

analyzed a model in which the platform acts as a reseller using the wholesale model and
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found qualitatively similar results. There is a mass of consumers that use the platform.
A consumer visits R to shop for a product that could possibly satisfy her need whenever
a consumption need arises. We consider a time period that consists of discrete shopping
instances (normalized to 1). For example, the time period could be a year and each day in
the year could be a shopping instance such that the time period has 365 shopping instances.
A consumer may not have a consumption need in every shopping instance. Furthermore, even
when she faces a consumption need, the intensity of the need and her product preference can
differ across shopping instances. A consumer has two options when she visits the platform:
either (i) buy the product that offers the maximum positive surplus, or (ii) not buy any
product. The consumer will choose the second option if no product offers a positive surplus
to her. There is a cost associated with shipping the product to the consumer if she buys.
A consumer buys a maximum of one unit of one product in a shopping instance. The fixed
and marginal production costs are assumed to be zero for all products.

Consumer Utility and Consumer Segments. Consumers are heterogeneous in their
shopping frequency in the sense that some consumers face consumption need and visit the
platform more frequently than others during the time period we consider. For instance, the
head of a household that has more family members is more likely to shop more often than
one that has fewer family members in his household. We assume o fraction of the consumers
are infrequent shoppers and the probability that a consumption need arises for an infrequent
shopper in a shopping instance is ;. The rest, (1 — o) fraction, of the consumer population
are frequent shoppers with the corresponding probability of having a consumption need at
a shopping instance being v;, where v; < v,. The shopping frequency defines the consumer
type in our model.

The consumer utility for a product at a shopping instance depends on her base valuation,
which represents the value she derives from an ideal product that meets her need perfectly,

and the misfit cost if the product does not meet her need perfectly at that instance. A
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consumer’s base valuation and misfit cost can vary across shopping instances. We assume a
consumer’s base valuation at a shopping instance, conditional on her having a consumption
need, is low, v;, with probability 0, and high, v,, with probability (1 — 6), where v; < vy,
We can consider the base valuation as the intensity of the consumption need. For example,
the need could be an essential one in one shopping instance but a non-essential one (i.e., a
want /desire) in another instance for the same consumer. In the case of essential need, the
consumer would likely have a high valuation and buy a product to satisfy the need. On the
other hand, in case of a non-essential need, she is more likely to have a low valuation and
may purchase a product only if she finds a product that is sufficiently close to her preference.

To model consumer’s preference or misfit cost, we assume, for simplicity, that the platform
offers two products that are imperfect substitutes from two different sellers. We denote the
two products as A and B. For notational brevity, we refer to the respective sellers also as
A and B. We use a typical horizontal product differentiation model for the misfit cost. In
particular, we assume that products A and B are located at positions 0 and 1 of a unit line,
respectively. A consumer’s location at a shopping instance is equally likely to be any point
along the line. The distance between a consumer and a product measures the degree of misfit
of the product to the consumer. Notice that when the degree of misfit between a consumer
and product A is A\, A € [0, 1], the degree of misfit between the consumer and product B is
(1—X). The misfit cost is the degree of misfit times a unit misfit cost ¢. Note that neither the
base valuation (v; and vp,) nor the degree of misfit (A) are idiosyncratic types of consumers;
on the other hand, the shopping frequency is.

The cost to ship the product to the consumer at any shopping instance during the period
is s, regardless of who pays for it. This is reasonable in a context where the shipping is done
by an independent logistics provider. (In the model extension section, we do examine the
case where the consumers’ shipping cost could be different from the actual shipping cost.)

We examine this context in order to focus on the strategic impacts related to who pays for
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shipping. We consider two scenarios that differ with respect to who bears the shipping cost.
In the scenario in which the platform does not offer the MFS program, consumers incur the
shipping cost. In the scenario in which the platform offers the MFS program, the platform
bears the shipping cost of members, but non-members bear the shipping cost themselves.
Thus, conditional on a consumer having a consumption need, if she has a base valuation v,
is located at A, and bears the shipping cost, then her net utility from products A and B is
as follows:
Us= v— X —py—s, (2.1)
Up= v—(1—-Nt—pp—s. (2.2)
where py and pp respectively denote the the prices of A and B. Clearly, if the platform
bears the shipping cost for the consumer, then the shipping cost term will not be part of the
net utility expressions given in Equations [2.1 and [2.2]

A consumer knows whether she has a consumption need at a particular shopping instance,
and if there is a need, she also knows her base valuation and her location on the Hotelling
line before making the purchase decision at that shopping instance. Neither the platform
nor the sellers know the type of an individual consumer, whether a consumer has a need at
a specific instance, her base valuation nor the consumer’s location. However, the sellers and
the platform know the distributions of consumers’ shopping frequency, base valuation, and
location. Figure illustrates the model setup.

Timing of the Game. The sequence of events is as follows. In stage 1, the platform
announces a (per-member) membership fee M at the beginning of the period and commits
to bearing the member’s shipping costs during the period. In stage 2, consumers decide
whether to participate in the MFS program, also at the beginning of the period. In stage
3, the platform announces the commission rate a. In stage 4, sellers choose their prices
simultaneously and, in stage 5, consumers who face a consumption need visit the platform

and make their purchase decisions, and all parties realize their payoffs. In the case where the
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Figure 2.1: Model Setup

platform does not offer the MFS program, stage 1 and stage 2 are irrelevant and the game
starts from stage 3.

All players are risk neutral. Table summarizes the main notation used in the paper.
We use the subscript ¢, i € {A, B}, to denote sellers/products and the superscript j, j €

{b,m}, to denote the program scenarios—no MFS (b) and MFS (m).

2.3.1 No MFS (Benchmark Scenario)

In this section, we derive the subgame perfect equilibrium for the scenario without the MFS
program. If a consumer has a consumption need, a base valuation vy, and is located at A, she

will buy product A if Uy > Up and will buy product B otherwise. Thus, using Equation [2.1]

t—p% +pY%

52 and product B otherwise. On the

we can verify that she will buy product A if A <
other hand, if the same consumer has a base valuation v;, then she will buy product A if

—pb —s . v —ply—s . :
A< %, buy product B if A > 1 — %, and will not buy any product otherwise.
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Table 2.1: Summary of Notation 1

Notation Definition Values
o fraction of infrequent shoppers o€ (0,1)
ol shopping frequency of an infrequent shopper v >0
Y shopping frequency of a frequent shopper Yh > Y
U low base valuation v >0
v, high base valuation vy, > U
7 probability that a consumer’s base valuation is v g e (0,1)
A degree of misfit between a consumer and product A Ae(0,1)
t unit misfit cost t>0
S unit shipping cost v >s5>0
i index for sellers/products ie{A, B}
J index for program scenarios ke {b, m}
al commission rate for seller ¢ in scenario j ol €(0,1)
Ug net utility derived by a consumer from product ¢ in sce-
nario j
7?% expected profit of platform in scenario j
Wg expected profit of seller ¢ in scenario j
p{ retail price of product 7 in scenario j p{ >0
M membership fee in scenario j
Di purchase frequency (demand) of frequent shoppers in D,’j,j >0
scenario j
Dlj purchase frequency (demand) of infrequent shoppers in foj >0
scenario j
Dg expected demand for seller 7 in scenario j Dg >0
CS consumer surplus in scenario j
SW3I social welfare in scenario j

In stage 4, sellers choose prices to maximize their expected profits given as follows:

b b b
(e t—py+p
arg max m; = (o9 + (1 - 0)%)[9+ +(1 - 6)%%(1 —a%), (23)
Py

vy —py—s t—ph+ph
arg max 7 = (07 + (1= o)) =2+ (1 = O)—E A1 —ah) . (24)
Pp

In Equation 2.3] (6y + (1 — 0)75) denotes the the expected number of consumers that
vr—pb —s b b
visit the platform, and [0% +(1- Q)tpg#] denotes the expected demand for product

A from a shopper that visits the platform. Analogously, we have the expected demand for
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product B in Equation 2.4, Since the sellers do not know the consumer type, the realized
valuation nor the preference of any individual consumer, each seller computes his expected
demand as the product of the likelihood of a consumer buying his product conditional on
vising the platform and the likelihood of a consumer visiting the platform. We refer to the
expected demand from each consumer type—frequent shoppers or infrequent shoppers—as
the type’s purchase frequency hereafter. Solving the first-order conditions for the sellers’
maximization problems, we obtain the optimal retail prices.

In stage 3 of the game, the platform determines the commission rates o and oY% by

solving the model below.

b b b
v — Py — S t—py+0p
arg max 7h = (oy + (1 — o)) [f—2A— A+ (1= 0)—— "ol
OCA,OlB

b b b
U —pp—S t—ppt0p
o+ (1= o)) 0——"—+ (1 = O)——F —Ipla} ,
subject to o >, T >
The constraints in the above model denotes the individual rationality (IR) restrictions
that ensure the reservation profit for the sellers to sell through the platform. Solving the

platform’s maximization problem, we obtain the optimal commission rates.

Lemma 1. In the absence of the MES program, in equilibrium, commission rates o% and o5,
retail prices p% and p%, purchase frequency of frequent shoppers D% and purchase frequency
of infrequent shoppers D* are as follows.

2t(1+ 30)*u

4= E = T T = 0) + 200 — P T (1= o))
b e 20(ui—s)+t(1—0)
Py =P = 1+ 30 ’ .
pr— (AF 0000 = 5) 401 - 6)](1 ~ o) (2.6)

t(1 4 36) ’
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(14 0)[20(v, — s) +t(1 — 0)]o, .

Db* —
l t(1+ 30)

(2.7)

PROOF. All proofs are in the appendix unless indicated otherwise.

Using Lemma , we compute the equilibrium platform profit 7%, consumer surplus C'S%*,
and social welfare SW% in the No MFS scenario, where we define the social welfare as
the summation of sellers’ profits, platform profit, and consumer surplus. We provide the
expressions for these in the appendix. We verify that an increase in shipping cost s reduces
the equilibrium prices because the sellers will expect a smaller demand when the shipping
cost is higher. The purchase frequency of each type also decreases in s even though sellers
set a lower price because the reduction in price does not offset the increase in shipping cost.
Anticipating less demand and lower prices due to a higher shipping cost, the platform lowers
the commission rates if shipping gets more costly in order to provide the reservation profit

to sellers. Consequently, the platform’s profit decreases in s.

2.4 Analysis of the MFS Program

We first derive the subgame perfect equilibrium for the scenario with the MFS program.
If the platform implements the MFS program, it can induce one of two possible equilibria:
(i) only frequent shoppers become members, or (ii) both frequent shoppers and infrequent
shoppers become members. We note that the case where no consumer becomes a member
is identical to the benchmark, and we assume that the platform would not implement the
MFS program in this case. Furthermore, the case where only infrequent shoppers become
members cannot be an equilibrium because if an infrequent shopper finds it profitable to
become a member so will a frequent shopper because a frequent shopper would expect to
save more in shipping cost by joining the MFS program than an infrequent shopper. In this
paper, we focus on the equilibrium in which only frequent shoppers join the MFS program

as this scenario is more likely in practice than the one in which all consumers join the MFS
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program. We performed the analysis for the equilibrium where both frequent and infrequent
shoppers join the program and found the insights presented in this paper to hold in that
equilibrium as well. Further, we note that Amazon has been increasing its membership fee
for the Prime program over time, which disincentives a consumer that shops less frequently
in Amazon from joining the Prime program.

In stage 5 of the game under the MF'S program, a member’s purchase decision can vary
from that of a non-member because a member does not bear the shipping cost whereas a
non-member does. A non-member’s purchase decision rule remains the same as that under
the benchmark scenario. On the other hand, if the consumer is a member, she will buy
product A if A < PR and product B otherwise if her base valuation is vy; if the base

2t

valuation is v;, then she will then buy product A if A < vl;p ?7 buy product Bif A > 1— %,

and will not buy any product otherwise.
In stage 4, the expected seller profits depend on the size and the composition of the
membership base. If w fraction of frequent shoppers and none of the infrequent shoppers

become members, the sellers’ pricing problems are formulated as:

-~ v —py—s t—pi+ 1B
arg H;%X ™ = [(on+ (1 —w)(1—0o)yw)@ : tA +{1- 0)$)
A

v — Py t—p% + P8\ m m
+w(l — o)y (0= ; 4 +(1—9)$)] Al —a),

m v — P —s t—pp +r}
arg max 7 = [0+ (1= w)(1 = o)) (9= F— + (1 =) —5—)
B

v — PR t=Pp T PA\ m m
P10 =P o)
Solving the first-order conditions, we get the equilibrium prices under the belief that w

+w(l — o)y,(0

fraction of frequent shoppers only join the MFS program:

s(1 — o)wyp
on+ (1 —0)m

t(1—6)+20(v; —s) + 6

PR () = P () = 0
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In stage 3 of the game, the platform determines the commission rates o'} (w) and o/ (w)

by solving the model below.

v — P (w) —s
arg max 7R = (oy+(1—w)(l—0)wm)0 O
a (w),af (w) t

11— ) TP TR )

ol = oI

11— o) PP e () )
Hom+ (1= w)(1 = ofp ) =2

(1 - o) PP ) )
ol — o)l PE )

(1 - o) PP g ) — o

+M™(w)(1—0),
subject to T (w) > p, THW) > .

In stage 2, a consumer will join the program only if her expected (purchase-related)
surplus gain by joining the MFS program compared to not joining is not less than the
membership fee, M™(w). The expected surplus gain would depend on the consumer’s belief
about how many consumers would join the program. Moreover, for the equilibrium to sustain,
the platform’s belief about the size of the membership base when it sets the membership fee
should be consistent with the consumers’ belief as well.

For a frequent shopper, the expected surplus with the membership under the belief that

w fraction of frequent shoppers only join the program is given by:

vlfpzb*(w) t— pA (w)+PB (w)
t
"l / B(vr — I (w) — M)A + / Y(wn — P (w) — At)dA
0
v —pg " () t—pE* (W) +p A" (w) (“’>+pA w)
t

+ / 00 — P (w) — M)A + / 0) (v, — ¥ (w) — At)dA] .

26



The expected surplus for a frequent shopper without the membership under the same

belief is given by:

vl—p?*(w)—s t—pﬁ”(w)er’é”(w)
t 2t
Yn| / O(v; — pi*(w) — At — s)dA + / (1 —0)(vp, — ¥ (w) — At — s)dA
0 0
'ulfpg*(w)fs t*Pg*<W)+PT£*(w)

t 2t

+ / O(v; — pi*(w) — Xt — s)dX\ + / (1 =0)(vp, — P (w) — Xt — s)dA] .

We can compute the expected surplus for an infrequent shopper with and without the mem-
bership by replacing 7, with v; in the above expressions.

Therefore, for a frequent shopper, the expected surplus gain by joining the MFS program
as compared to not joining under the belief that w fraction of frequent shoppers would join

the MFS program is given by:

ASP(w) = sy[(1—0)(t(1 —6%) —s0(1+ 04w — 1)) + 20(1 + 0)v)) v
+o((1 —0)(t +t0 — s0) +20(1 + 0)v)v]

(t(1+30) (o + (1 —0a)m)] ' >0.

Under this belief, the platform would set the membership fee to an amount that is slightly
less than ASP(w); any fee less than this amount only reduces the platform’s profit and any
fee higher than this amount implies that the fraction of the frequent shoppers would find it
profitable join the program is not w which would contradict the belief. When the platform
sets the membership fee M™(w) to be slightly less than ASP(w), a frequent shopper that is
deciding whether to join the MFS program will find that joining is better than not joining.
Furthermore, we can show that an infrequent shopper’s surplus gain from joining the MFS

program is less than the membership fee. Thus, regardless of the belief about the fraction of
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frequent shoppers that would join the program, when the platform sets the membership fee
based on that belief, an individual frequent shopper’s decision would be to join the program
(with probability one) and an individual infrequent shopper’s decision would be to not join
the program (with probability one). Since this result holds for any arbitrary frequent shopper
and infrequent shopper, the belief that only a fraction (less than one) of frequent shoppers
joins the program cannot be sustained in the equilibrium, i.e., when only frequent shoppers
are part of the membership, the only equilibrium is one in which all frequent shoppers join
the program. Further, we can show that:

OASP 48%0%(1 — o)}
ow  t1+30) oy + (1 —0)m)

<0.

which implies that if the platform sets a membership fee under the belief that all frequent
shoppers would join the program, a frequent shopper that has any other belief would indeed
join the program because the platform would have set a smaller fee than this consumer’s
expected surplus gain. Therefore, if only frequent shoppers join the MFS program, in equi-
librium, the platform would set a membership fee equal to ASP(w = 1) minus a negligibly

small value, and all and only frequent shoppers would become members.

Lemma 2. If the platform implements the MFES program (with only frequent shoppers as

members), in equilibrium, the membership fee M™*, commission rates o'y* and o'y*, retail

17k

prices P and pE*, purchase frequency of frequent shoppers D™ and purchase frequency of

infrequent shoppers D™ are as follows.

s[t(1 = 0) — s0 + 0(2v, — pi* — P

M = ,
t
o gt — ] 2t(1 + 30)*(om + (1 — o)m)u
A B (1+0)[(t(1 —0) +20u)(1 — o)y, + (t(1 — ) + 20(v, — s))oy)?
P — e — (t(1 —0) +20v)(1 — o)y + (1 — 0) + 20(v, — s))oy 28)
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D= [(140)2v0+t(1—0))(1 — o)y
+(t(1 — 02) + 20(v; + 06 + 250)) o] (1 — o)y (2.9)
[t(1+30) (o + (1= o))",

D = [(¢(1 — 62) +20(v;(1 +6) — s — 3s0))(1 — o)
+(1+6)(20(v; — s) +t(1 — 0))ov]ov (2.10)
[t(1+30) (0% + (1 = o))"

Using Lemma we compute the equilibrium platform profit 7%*, consumer surplus
CS™ and social welfare SW™*. These are provided in the appendix. We verify that the
equilibrium prices and commission rates decrease in the shipping cost s, as in the benchmark
scenario. It is intuitive that the non-members’, i.e., infrequent shoppers’, purchase frequency
decreases in s, as in the benchmark scenario. On the other hand, in contrast to the benchmark
case, the members’; i.e., frequent shoppers’, purchase frequency increases in s under the
MFS program. The reason is that an increase in shipping cost leads to a decrease in prices.
However, the price decrease does not offset the increase in the shipping cost for the infrequent
shoppers and therefore, the infrequent shopper segment’s demand decreases in the shipping
cost. In contrast, frequent shoppers do not have to pay for shipping; hence, their demand

increases in the shipping cost.

Proposition 1. If the platform implements the MFES program with only frequent shoppers
as members, in equilibrium, the platform’s revenue from the membership fee is less than the

shipping cost it incurs.

Proposition [1|shows that the platform essentially subsidizes the shipping cost of its mem-
bers by charging each a membership fee that is less than the shipping cost it would incur
for purchases made by the member. This result sharply contrasts with the Costco model

where the membership revenue is the main driver of the profit (Scuttlebutt Investor, 2017).
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However, Proposition [I] is consistent with data from Amazon’s Prime program, which are
shown in Figure 2.2] The figure shows Amazon’s revenue from Prime memberships during
the years 2006-2016 (recall that Amazon introduced the Prime program in 2005). We note
that the revenues shown in the figure include only the portion of the membership fee that
is attributed to the free shipping benefit because the prime program includes benefits other
than free shipping as well. The figure also shows the shipping costs incurred by Amazon to
serve the members. We make the following observations from this figure: (i) the shipping cost
is higher than the revenue in every year, and (ii) the gap between revenue and shipping cost,
which represents the shipping cost subsidy to members has been steadily increasing, from
$317 million in 2006 to $7.19 billion in 2016. We note that the number of Prime members
also increased during this period, and the subsidy grew along with it. Proposition [1| provides
theoretical support to the argument that Amazon is hurt by the Prime program, when the
program is evaluated solely based on membership revenue and shipping costs. However, the

following result demonstrates that this conclusion may be unwarranted.

Proposition 2. If the platform implements the MFS program with only frequent shoppers
as members, the platform equilibrium profit is higher compared to the no MFS benchmark, if

and only if s < s"™*, where

A1+ 0)(t(L = 0) + 20v) (v + (1 — o))
(L4+0(10 +130))(1 — o)y + (1 + 0(140 + 170)) oy, -

Proposition [2| shows that the platform would be hurt by the MFS program only when the
shipping cost is high. Clearly, the platform’s shipping subsidy to members, demonstrated by
Proposition [T} would be prohibitively high if the shipping cost is high. However, when the
shipping cost is not high, despite the shipping subsidy, the platform benefits from the MFS
program. We identify three strategic impacts of the MFS program which contribute to the
higher platform profit with the MFS program compared to the benchmark scenario, when s

is not high.
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Amazon's Ever-Growing Shipment Costs

Costs and revenue associated with Amazon's outbound shipping activity
@ Outbound shipping revenue’ @ Outbound shipping costs™ Net shipping costs

18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000

0,000
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

QO Sk statista %

Source: https://www.statista.com/chart/6527/amazon-shipping-costs/

Figure 2.2: Shipping Subsidy of Amazon

First, by comparing Equation [2.5] and Equation [2.8 we find that the retail prices are
higher when the platform implements the MFS program than when it does not. Sellers
recognize that members incur a smaller purchase cost compared to when there is no MFS
program because they do not incur the shipping cost. Consequently, sellers increase their
prices and extract some of the members’ savings in the shipping cost when the platform
implements the MFS program. This finding is noteworthy in light of the popular press

reports which note that Amazon encouraged third-party sellers to inflate their prices after

it introduced the Prime program (GeekWire, 2014). We denote this impact of the MFS

program on the prices as the price increasing effect. The price increasing effect of the MFS

program can be quantified as:

2s6(1 — o)y
(L+30)(ov+ (1 — o))

App =p* —pi* = > 0. (2.11)
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Second, by comparing Equation [2.6|and Equation 2.9, we find that the purchase frequency
of members of the MFS program is higher compared to when there is no MFS program. On
the other hand, by comparing Equation and Equation [2.10, we find that the purchase
frequency of non-members is lower. The non-members purchase less because of the price
increasing effect discussed previously. The members purchase more despite the price in-
creasing effect because the shipping cost savings offset the price increase, as indicated by
Equation 2.11] While the impacts on the two groups—members and non-members—are in
opposite directions, we find that the net impact of the MFS program on the overall purchase
frequency is positive. We denote this impact of the MFS program on the overall purchase
frequency of consumers as the demand enhancement effect. We quantify the demand effects

as follows.

250(1 — o)y (1 4+ 0)(1 — o)y, + (1 4 30)0y)
t(1+30)(on + (1 —0)m)

AD; = Dy — Dy = >0,

456%(1 —
AD; = Dpe—ppr— - A0 Zo)oywm
t(1+30)(on + (1 —0)m)

250(140)(1 — o)y

AD" =AD"+ ADp* = ==

>0 .

It is worthwhile to note that an Amazon Prime member spends an average of $1,400
a year on Amazon while a non-member spends only $600 (https://www.cirpllc.com). Even
though the higher shopping frequency of a member compared to a non-member could partly
explain this difference in spending, Proposition 2 shows that the differential impacts of the
MFS program on members and non-members could be a key contributor to it as well.

Third, as a result of the two effects mentioned above, the platform charges a higher
commission rate when it implements the MFS program than when it does not. We denote

the impact of MFS on the platform’s commission rates as the commission rate increasing
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effect and quantify it as the following.

Ao = o™ — b

8t(1 + 30)*us(1 — o)y,
(1+0)(om + (1 — o))

[(1=0)(t(1 = 0) +0(2v; = 5))yn + o (£(1 — 0) + 20(v; — 5))7]

[(t(1 —0) + 20(v; — 5))?[(1 — &) (t(1 — 6) + 200y

+o(t(1 —0) +20(v; — s))y]?] ™' > 0.

All the above explained effects of the MFS program are positive for the platform; however,
the platform is not always better off with the MFS program because of the shipping subsidy
revealed by Proposition 1. To further explain Proposition 2, we decompose the platform
profit under the MF'S program into three components: commission revenue received from the
sellers (C'R), membership fee paid by subscribing consumers (M F'), and absorbed shipping
cost (SC). Clearly, C'R is higher if the platform implements the MFS program than if it does
not because the price increasing effect, the demand enhancement effect, and the commission
rate increasing effect of the MF'S program improve the overall commission and revenue. Thus,
in light of Proposition 1, whether the platform benefits from the the MFS program depends
on whether the increase in the commission revenue, C R™ — w% compensates the shipping
cost subsidy to members, SC™* — M F™*. When the shipping cost is smaller than s™* given
in Proposition [2] the subsidy is smaller than the increase in the commission revenue, and the

platform benefits from the MFS program. However, when the shipping cost is above s™*,

the platform is hurt by the MFS program.
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We quantify the value of the MFS program to the platform as Ang = 7% — % The
following result shows how the value of the MFS program to a platform is affected by the

shipping cost.

Proposition 3. The value of the MF'S program to the platform increases in s when s < s"*/2

and decreases in s when s > s™*/2.

Proposition [3| shows that the value of the MFS program to the platform follows an
inverted U-shape with respect to s and that the value is highest when the shipping cost is
equal to s™*/2. The dynamics of the three components of platform profit—CR, MF, and SC,
with respect to the shipping cost s determine how the value of the MF'S program is affected
by s. The following derivatives explain these dynamics.

ICR —xf)  8*(1+0)(1 — o) (20w + (1 — o))

Bs - t(1+30)2(oy + (1 — o)) o

40(1+ 0)(1 — o) (t(1 — 0) + 20u;)yn
* t(1 + 30)2

a(sC —MF): 9(1—0)7h><8

0s t
We observe that the shipping subsidy offered by the platform to members is increasing

A(SC*—MF*)

e is positive and increasing in s. The convexity arises

in s in a convex fashion, i.e.,
because an increase in the shipping cost increases the demand from members (Recall the
discussion following Lemma[2)). Therefore, an increase in the shipping cost not only increases
the subsidy each time a member makes a purchase but also increases the purchase frequency
of members. On the other hand, the benefit from the program in the form of increase in
N L . . . . . O(CR*—7b¥) . "
the commission revenue is increasing in s in a concave fashion i.e., =——5—% is positive
and decreasing in s. The quadratic nature of the platform’s value from the MFS program

implies that the value is highest when s = s"*/2. We can also verify that the the value is

zero when s = 0. The primary implication of Proposition 3 is that the platform finds the
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MF'S program to be most attractive at moderate values of the shipping cost. Thus, the MFS
program is likely to be most valuable in the context of online marketplaces selling physical
goods where the shipping cost plays a role and it is neither excessive nor inconsequential.
More importantly, even though we do not consider any cost to implement the MFS program,
if there is an implementation cost, the platform will implement the MFS program only when

the shipping cost is neither too high nor too low.

Proposition 4. If the platform implements the MFES program with only frequent shoppers

as members, the equilibrium consumer surplus is less than that in the no MFS benchmark.

Proposition [ reveals that consumers as a whole are worse off when the platform im-
plements the MFS program than when it does not. The non-members are worse off with
the MFS program because of the price increasing effect; non-members not only pay higher
prices but also consume less when the platform implements the MFS program than when
it does not. The reduction in non-members’ surplus has implications for members as well
and the platform. For members, it seems that they should be better off when the platform
implements the MFS program than when it does not because the members choose between
two options—joining and not joining the MFS program—that gives them a higher expected
surplus. However, we find that even members are actually worse off under the MFS program
compared to the benchmark. The explanation for this finding is the following.

Consider a frequent shopper deciding whether to join the program. Because of the adverse
effect of the program on non-members, she will expect to suffer a loss in surplus if she does
not join the program. On the other hand, by joining the program, she will expect a positive
purchase-related surplus gain. The expected surplus gain when she joins the program as
opposed to the surplus loss when she does not provides her an incentive to join the program.
Recognizing this incentive, the platform charges a membership fee that is just less than the

difference in surplus between joining and joining, which is equal to the surplus gain from
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joining plus the surplus loss from not joining. That is, the platform extracts more than
just the savings a consumer would enjoy by joining the program compared to when no one
joins the program; it also extracts an additional amount equal to the loss in surplus if she
does not join the program. Consequently, even the members end up being hurt with the
MF'S program compared to the benchmark. Essentially, the platform exploits the differential
impacts of the MFS program on the two consumer types and forces frequent shoppers to
choose between two options—joining and not joining—, both options hurt them compared
to when there is no MFS program but joining hurts them less.

Recalling our earlier discussion of frequent shoppers’ decisions to participate in the MF'S
program, any belief about the size of the membership base, including the scenario where
no one participates, would make a frequent shopper willing to participate. So joining the
MFS program is the best response for a frequent shopper. Meanwhile, Proposition 4 shows
that members become worse off because of the participation of their peers due to the price
increasing effect. Hence, even though every single frequent shopper acts in the best interest
of herself, collectively all of them are hurt by the MFS program. Thus, the participation in

the MFS program is effectively a prisoner’s dilemma.

Proposition 5. If the platform implements the MFS program with only frequent shoppers
as members, in equilibrium, the social welfare is higher than that in the no MFS benchmark

if and only if s <3™, where

2(1 + 0)(t(1 — 6) + 20v) (o + (1 — o))
(14+60)(1450)(1 — o)y, + (14 6(10 4+ 130))oy,

-

As shown in Proposition [5] the impact of the MFS program on social welfare can be
positive or negative, similar to that on the platform profit. The possible negative impact
of MF'S on the social welfare is somewhat surprising given that the MFS program enhances
the overall demand, which enhances the consumption utility. The reason for the possible

adverse impact of the MFS program on the social welfare lies in the nature of additional
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demand generated by the MFS program. We note that the social welfare is affected by
the (purchasing) consumers’ gross utility (i.e., valuation minus the misfit cost, excluding
product prices which simply transfer wealth from one party to another within the society)
and the cost of satisfying the demand from these consumers. The only cost in satisfying
the demand in our context relates to shipping. The MFS program increases the total gross
utility of consumers, driven solely by the additional demand generated by the MFS program.
However, if the shipping cost is higher than the threshold given in Proposition |5, then the
cost required to satisfy this demand offsets additional utility it generates. We illustrate this

possibility using Figure 2.3

High Misfit, Low Valuation Consumers

Enhanced Demand

Figure 2.3: Hlustration of Possible Negative Societal Impact of the MFS Program

In Figure 2.3] consider the marginal consumers that are indifferent between buying and

“*?  These consumers have a low

not buying when there is no MFS program, indicated as
valuation for the product. They are farther away from the product they are indifferent
between buying and not buying, and, hence have a higher misfit cost, compared to other low
valuation buyers that buy. Essentially, these marginal consumers have a low gross utility
for the products. If they have to bear the shipping cost, as in the no MFS case, they do
not find it profitable to buy either product. On the contrary, under the MFS program, if
these consumers are members, they do not incur the shipping cost and they will buy the

product that is closer to them. In fact, even some members that are farther than these

marginal consumers could end up buying a product under the MFS program, but they
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would not buy any product in the absence of the MFS program. These consumers are those
that constitute the demand enhancement effect among members, as indicated in Figure [2.3]
These consumers generate very low additional utility because of their low valuation and high
misfit costs. However, the flip side is that the same shipping cost is required to fulfill their
demand as that from consumers that have high valuation and low misfit cost. The MFS
program removes the shipping cost from the consideration of members when they make the
purchase decisions, but the society still incurs this cost. When the shipping cost is high, the
MFS program stimulates demand from low-valuation members even when their misfit cost
is high, at the expense of the platform and society which incur the shipping cost. This could
lead to a smaller social welfare when the platform implements the MF'S program than when
it does not.

We point out that our analysis of social welfare does not account for potential hidden
societal costs such as additional carbon footage, packaging waste, and driver safety (Buzz
Feed News, [2018; |[Forbes, |2018; [The New York Times| 2019)) that could arise from demand
enhancement. When these costs are also accounted for, the potential negative impacts on
social welfare could be even more severe.

Table 2.2: Summary of Propositions [2| -
(1) (2) (3)

§<ST S <s<S™ | s < s
Platform Profit T T d

Consumer Surplus 1 d 1
Social Welfare 0 l l
Notes: 1 (}) indicates a higher (lower) value under MFS compared to the benchmark.

Table summarizes the implications of the MFS program on key stakeholders. When
the shipping cost is low, i.e.;, s < ", as in column (1), the platform and society benefit
from the MFS program at the expense of consumers. When the shipping cost is high, i.e.,

s > §"* as in column (3), no stakeholder is better off with the MF'S program. On the other
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hand, when the shipping cost is moderate such that s < s < s™*, as in column (2), while
the platform benefits from the MFS program, consumers and the society are hurt. While a
dominant platform would implement the MFS program as long as the shipping cost is not
high, it is not possible to induce the platform to implement the MFS program through any

side payment from one player to another within the system if the shipping cost is high.

2.5 Model Extensions

In this section, we extend our model in two directions by changing our model setup and
assumptions to demonstrate the robustness of the key results. We present only the result

regarding the impact of the MF'S program on the platform for brevity.

2.5.1 MFS in Conjunction with Contingent Free Shipping (CFS)

Although our focus is on free shipping only with membership, another popular free shipping
scheme that has been widely adopted by online retailers is contingent free shipping (CFS).
Under CFS, the platform offers free shipping to consumers if the order amount exceeds a
certain threshold. Given its prevalence in online retailing, understanding the impact of MFS
on top of CFS is an important question. Accordingly, we model CFS as the benchmark
scenario in this extension and assess the value of MF'S in conjunction with CFS.

Under CFS, any consumer enjoys free shipping if she buys two units of the product.
Conditional on the consumer having a consumption need for the product in a shopping
instance, we assume that the consumer can make use of a second unit of the same product
with probability € and can make use of a maximum of one unit with probability 1 —e. We
model the consumer’s base valuation for the first unit as in the main model, i.e., a consumer’s
base valuation at a shopping instance, conditional on her having a consumption need, is vy,
with probability 6 and v, with probability (1 — ). To model the diminishing utility of the

second unit, we let the base valuation for the second unit be p fraction of that of the first
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unit. Moreover, a consumer would possibly buy the second unit only when her base valuation
for the first unit is high.

When there is no MF'S, assuming a consumer has a consumption need, she will buy the
second unit if her valuation for the first unit is v, and pv, — p? +s > 0. Note that the
savings in shipping cost plays a role in the consumer’s decision to buy the second unit. The
same condition holds for a non-member as well under the MFS program. On the contrary,
if the consumer joins the MFS program, she will buy the second unit if her valuation for
the first unit is v, and pv, — p* > 0. Note that the shipping cost does not play a role for a
member because she gets free shipping whether she buys one unit or two units. As the main
purpose of this extension is to check whether the results from our main model are robust to
model variations, we restrict our attention to the scenario where the likelihood of purchasing
two units is not too high relative to purchasing one unit, conditional on the event that a
consumption need arises. Specifically, we assume € < 6/3. All other aspects remain identical
to those in the main model. We note that the CFS model reduces to our main model if
e=0.

We derive the equilibrium under CFS and under MFS+CFS in the appendix. We present
the impact of the MFS program when the platform already has CFS in place as the following

result.

Proposition 6. If the platform implements the MFS program in conjunction with CFS and
only frequent shoppers join the program, in equilibrium, the platform profit is higher compared

to the CFS benchmark if s < $ where

400 —€(1 = 0)) (140 +2e(1 —0))((1 — 0)(t + 2¢epvy) + 20v;)(oy + (1 — 0)yp)
(1 — o)y +noy

m= 0+0*10+130) — 8e3(1 — 0)® — 4e*(1 — 0)*(3 + 190) — €(1 — 0)(3 + (26 + 276)),

S =

Y

ne = 0+ 60*14+170) — 8c*(1 — 0)*(1 + 110) — e(1 — 0)(3 + 0(34 + 270)) .
Proposition [f] reveals the condition under which the MFS program is beneficial on top of

CFS. Proposition [0 is qualitatively similar to Proposition 1, and, in fact, if € = 0, then these

40



two Propositions become identical. The result demonstrates that even when the platform
has CFS in place which could generate additional revenue compared to when it does not
have CFS, implementing the MF'S program is profitable if the shipping cost is not too large.
This is because the strategic effects of the MFS program identified in main model such as

demand enhancement continue to exist in the presence of CFS as well.

2.5.2 Shipping Fee versus Shipping Cost

In the main model, we assume that a consumer’s shipping cost (and a platform’s when it
pays for members) is identical to the actual shipping cost that is equal to the shipping cost
charged possibly by the independent logistics provider. However, in reality, consumers may
pay a seller a shipping fee which could be different from the actual shipping cost incurred by
the seller. That is, sellers could potentially charge consumers a ‘shipping fee’ that is different
from the ‘shipping cost’. In this extension, we assume that seller ¢ chooses a shipping fee,
which is denoted as f;, even though she incurs the shipping cost s when a consumer pay
for shipping. Because sellers can now strategically partition the total transaction (purchase)
cost into product price and shipping fee, we assume that the platform charges a commission
on the total cost of the transaction minus the actual shipping cost to avoid any gaming
behavior related to setting the shipping fee; otherwise, sellers could set the product price
close to zero to avoid paying any commission. All other aspects remain identical to those in
the main model. In particular, when the platform bears the shipping cost for a member, it

incurs a cost of s. In all other cases, sellers charge a shipping fee.

Proposition 7. Assume that sellers set a shipping fee in addition to price. If the platform
implements the MFS program and only frequent shoppers join the membership, in equilibrium,

the platform profit is higher compared to the no MFS benchmark if and only if s < §, where

2t(1 — 0) + 40y,
1+ 56 '
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Proposition [7] shows that the overall effect of the MFS program on the platform remains
qualitatively the same as in the main model. As before, sellers charge a higher retail price
when the platform implements the MFS program.

t(L—0)+20v t(1+6)+20(v,—s)  2s0

1+30 1+ 36 “1r30 "

* bx __
Pt = =

Moreover, we find that the platform still benefits from the demand enhancement effect of
the MFS program. Although non-members buy the same amount as their transaction cost
remains the same, members buy more due to free shipping. Therefore, the overall demand
is always higher under the MFS program, as shown below.

2s0(1+0)(1 — o)y
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>0,
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Also, the total transaction cost for a non-member (i.e., the product price plus the shipping

>0 .

AD™ = ADP™ + ADp* =

fee) remains the same when there is no MFS program and when there is.

t(1—0)+s(1+0)+ 20y,
1+ 30 '

At the same time, sellers charge a shipping fee that is lower than the shipping cost under

the MFS program, as shown below.

s(1+6) 256
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The lower shipping fee compared to the cost is the result of the attempt to mitigate the
transaction cost heterogeneity between members and non-members. Members and non-

members differ in terms of transaction cost because members do not have to pay for shipping
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but non-members do. The higher the consumer heterogeneity, the more difficult it is for each
seller to extract the surplus via a uniform retail price to both consumer groups. Therefore,
sellers charge a lower shipping fee when the MF'S program is offered compared to no MFS so as
to make members and non-members less heterogeneous with regards to the total transaction
cost. Essentially, sellers partially subsidize non-members’ shipping while the platform fully
subsidizes members’ shipping under the MF'S program.

Finally, the platform charges a higher commission rate and the commission revenue is
higher with the MFS program than without. Consequently, the platform finds the MFS
program valuable when the shipping subsidy is compensated by the increase in the commis-
sion revenue. This requires the shipping cost to be lower than the threshold given in the

Proposition.

2.6 Conclusion and Implications

We examine the membership-based free shipping (MFS) programs offered by some online
marketplaces in which a retail platform bears the shipping costs for purchases made by mem-
bers that have paid an upfront fee, but non-members bear the shipping costs themselves. We
identify several strategic effects of the MF'S program on sellers’ pricing strategies, consumer
demand, and consumers’ participation decisions. All these effects provide us with a deeper
understanding of the program, going beyond the conventional view that MFS programs are
solely a shipping cost transfer mechanism. The findings provide the following important
managerial implications.

(i) If the platform implements the MFS program, even though the platform could profit
from the MFS program, the platform effectively subsidizes the shipping costs of its members
even after accounting for the membership dues. Therefore, assessing the success of the MFS

program to the platform solely based on the shipping cost and the membership fee can be
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misleading; an assessment that ignores the strategic effects may label the program as a failure
even though the program is actually profitable.

(ii) Neither a low shipping cost nor a high shipping cost offers the highest profit gain
from the MF'S program to the platform. The platform gains the most when the shipping cost
is moderate. Consequently, if the platform incurs a fixed cost to implement the program,
then a low shipping cost is neither a prerequisite nor a guarantee for the platform to benefit
from the MFS program. Thus, the MF'S program is suitable primarily for platforms that sell
physical goods for which shipping costs are neither inconsequential nor excessive.

(iii) Analogous to the result for the platform, concluding that members of the MFS
program gain from it just because they realize more savings in shipping cost than the mem-
bership fee they pay is also incorrect because these savings may be extracted away in the
form of higher retail prices. On the other hand, when individual consumers make partic-
ipation decisions based on their own self interests, the platform can exploit the prisoners’
dilemma faced by consumers when the MFS program is implemented.

(iv) Despite the stimulation of consumer demand by the MFS program, more demand
could hurt the society because consumer surplus from the additional demand could be offset
by excessive shipping cost required to satisfy the extra demand. That is, the MFS program
may not be social welfare enhancing.

(v) Finally, the implications of membership programs can be quite different in online and
physical retailing because of the role played by product shipping in online retailing.

Taken together, the implications suggest that the the MF'S program is generally a vehicle
for the platform to benefit at consumers’ and possibly the society’s expense.

We also show that the impact of the MFS program on the platform profit does not
change even if we assume the program is offered in the presence of a free-shipping option for
bundled purchases without membership, or sellers are capable of setting the shipping fee for

customers who are not members. That said, our study is not without limitations. First, we
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assume the platform that contemplates offering a membership-based free shipping program
has no competitor in the marketplace. This assumption, although limiting, does not conflict
with the reality. Currently Amazon has a monopolistic power in online retailing business (In
These Times| |2019). Second, we assume that the sellers do not resort to price discrimination
with the help of this program even though platform would have the ability to distinguish
members from non-members. Third, the platform can reap additional benefits through cross-
selling enabled by the membership program. For instance, Amazon offers exclusive discounts
on variety of other services, such as Amazon Music Unlimited and Twitch Prime. Hence,
the platform can earn additional revenue via other purchases. We can speculate that the
platform would gain more from the MFS program if it can also benefit through other means.

We leave the analysis of all these scenarios to future research.
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CHAPTER 3
VALUE OF MEMBERSHIP-BASED FREE SHIPPING IN ONLINE

RETAILING: IMPACT OF UPSTREAM PRICING MODEL
3.1 Introduction

Shipping products to consumers is an indispensable and a costly activity in online retailing
(Fierce Retail, 2014} Information Age, 2015). Moreover, the shipping cost plays a pivotal
role in online consumers’ purchasing decisions and satisfaction (Rosen and Howard, 2000}
Sawhneyl, 1999; Ernst and Young), 1999} Trocchia and Janda), 2003 |[Janda et al., 2002; Pyke
et al} 2001). The consumers typically pay the shipping cost, though the sellers often absorb
this cost when the transaction amount exceeds a threshold. A recent development related
to shipping is the membership-based free shipping (MFS) program which seeks to mitigate
the shipping cost burden of consumers. Amazon’s Prime program, Walmart’s now defunct
Shipping Pass program and the recently introduced Delivery Unlimited program, and the free
shipping program of online marketplace ShopRunner[] are some examples of MFS programs.
The core feature of MF'S programs is that once a consumer becomes a member of the program
by paying an upfront membership fee, products are shipped for free to the member whenever
she makes a purchase during the membership period ]

While MFS is an innovation on the downstream consumer-side of online retailing, we
have been witnessing a gradual shift in the upstream business model between the retailer
and the suppliers. Large online retailers such as Amazon.com, Walmart.com, Sears.com,
and Buy.com started with the reselling or wholesale model for most products, in which the

retailers buy products at wholesale prices and subsequently resells them to consumers at

https://www.shoprunner.com/memberfaq/
2The MFS programs have evolved significantly in their scale and scope. For instance, while the program by

ShopRunner offers only free shipping, the Amazon Prime program provides additional membership benefits.
However, free shipping for members remains at the core of MFS programs.
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retail prices. However, those retailers have now become platforms for third-party sellers,
and they typically use the agency model, in which sellers sell their products directly to
consumers for a commission on the sale price. (Seller Labs|, 2016; The Wall Street Journal,
2010; |Dealnews, [2013}; |Sears Holding;, 2010)). The significance of the agency model in current
online retailing is evident from Amazon’s recent disclosure that third-party sellers accounted
for 58 percent of total physical gross merchandise sales on Amazon in 2018, up from just 3
percent in 1999, and this percentage has been steadily increasingE] The shift in the business
model of online retailing has also drawn significant attention from industry experts who have
argued the need for online retailers to align their strategies and operational practices to the
agency model (Wired, 2015} Zhu and Furr, [2016; The Marketing Journal, [2017)).

On surface, the upstream pricing model and the downstream MFS program seem unre-
lated to each other because each strategy seeks to achieve a different objective. The agency
model shifts the retailer’s focus to providing value-added services and transfers the key re-
tailing function of product pricing to upstream third-party sellers. On the other hand, the
MF'S program seeks to eliminate shipping cost burden of downstream consumers, specifically
program members. Moreover, while the online retailer incurs a direct additional cost, viz.,
members’ shipping cost, when it offers a MFS program, there is no direct additional cost
to the retailer when it accommodates third-party sellers on its sitef_f] However, observations
suggest that the MFS program is prevalent only among retailers that use the agency (or
platform) model of selling. For instance, Amazon introduced the Prime program in 2005
by which time approximately 30% of its product sales by volume had been coming from

third-party sellers]] While Walmart did not have a program similar to Amazon Prime when

Shttps://www.statista.com/chart /18751 /physical-gross-merchandise-sales-on-amazon-by-type-of-seller /

40n the contrary, some argue that the retailers incur lower costs under the agency model than the
wholesale model (Jiang et al., |2011; |Digital Business Models| 2013]).

Shttps://www.marketplacepulse.com/stats/amazon/amazon-percent-of-gross-merchandise-volume-by-
third-party-sellers-157
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it was a reseller, it introduced its ShippingPass program after it became a marketplace by
purchasing jet.com. ShopRunner has always been a marketplace operating under the pure
agency model. On the contrary, we do not observe free shipping programs offered by online
retailers who are resellers using the wholesale model. These observations raise the questions
of whether a retailer achieves a higher benefit from the MFS program under the agency
model than the wholesale model, and if so, why.

We answer those questions by analyzing a stylized game-theoretic model of a context in
which a manufacturer sells his product to consumers via an online retailer, using either the
agency model or the wholesale model. Under the agency model, the manufacturer sets the
retail price and pays a percentage of the sale price as commission to the retailer. Under the
wholesale model, the manufacturer sets the wholesale price, and the retailer sets the retail
price. In the absence of the MFS program, consumers bear the shipping cost for product
delivery. If the retailer implements the MFS program, he pays the shipping cost for the
members during the membership period. We use the scenario with no MFS program as
the benchmark to assess the impact of the MFS program under the agency and wholesale
models. We then compare the value of the MFS program under the two pricing models.

We show that the retailer indeed gains more from the MFS program under the agency
model than the wholesale model, and the retailer finds the MFS program to be profitable in
a larger region of the parameter space under the agency model compared to the wholesale
model. The retailer’s gain from the MFS program under the wholesale model comes solely
at the expense of consumers; consumers pay higher prices under the MFS program while
consuming, on average, the same amount whether or not the MFS program is adopted. In
contrast, consumer surplus can be higher in the presence of the MFS program than in its
absence under the agency model because MFS enhances the total demand. Non-members
are always worse off with the MFS program than without under both pricing models as

a result of negative externalities imposed by members’ participation in the form of higher
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prices; interestingly, some members can also be hurt by the MFS program. Finally, society
as a whole is always worse off, surprisingly, with the MFS program than without under the
wholesale model, although the overall demand is unaffected by the MFS program. On the
flip side, society can be better off with the MF'S program under the agency model in certain
conditions by virtue of the demand enhancement effect.

The benefits of the agency model over the wholesale model in a channel structure in many
contexts are typically attributed to the problem of double-marginalization which is present
in the wholesale model, but is absent in the agency model. Our results are driven not just
by the presence or absence of double-marginalization, but by how the MFS program affects
the severity of double-marginalization in the wholesale model and single marginalization
in the agency model. The MFS program exacerbates the double-marginalization problem,
measured as the reduction in the channel profit from double marginalization when compared
to single marginalization, in the wholesale model. The MFS program transfers the shipping
cost from the consumers to the retailer. This additional marginal cost on the retailer, on
top of the wholesale price that the retailer incurs whether or not the MFS program exists,
worsens the double-marginalization problem in the wholesale model. On the other hand,
marginalization exists only at the manufacturer’s end (i.e., single marginalization) in the
agency model because the manufacturer sets the retail price. The MFS program eliminates
the shipping cost incurred by the consumers which is analogous to reducing the marginal
cost of the manufacturer. Effectively, the MFS program mitigates (single) marginalization at
the manufacturer end. Together, these effects of MF'S on marginalization in the two models
drive the results of this paper. This insight is new to the literature in that we are unaware
of a study in which the benefits of a downstream strategy are affected by its impacts on the
marginalization feature exhibited by the upstream pricing model.

Moreover, our findings make significant contributions to two research streams in online

retailing, and offers several implications for practitioners. One, this research provides new
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insights into the strategic drivers of (retailer’s) profitability from MFS programs and how
a retailer’s upstream pricing model can impact the value from downstream MFS strategies.
Specifically, our results reveal that the MFS program might be regarded as an unprofitable
strategy if it is evaluated based solely on the shipping cost incurred by the retailer in serving
members and the membership fee she collects from them. However, the MFS program could
be a profitable strategy for the retailer if the benefits from the strategic impacts of the
program are accounted for. Similarly, on the consumer side, even though members realize
savings via the MFS program in shipping cost, some members (and all non-members) are
hurt by the MFS program. Finally, the possible negative impact of the MFS program on
the society reveals that the MFS program cannot be viewed as a simple transfer of the
shipping cost burden from consumers to the retailer with no societal impact; the impacts of
the MFS program go beyond the transfer of the shipping cost. These findings demonstrate
that viewing the MF'S program solely through the shipping lens leads to incorrect conclusions
about the program.

Two, the findings are new to the literature that studies the wholesale and agency models.
The extant literature has generally examined how exogenous market characteristics such de-
mand and competition affect the firms differently depending on the pricing model. However,
the literature has not examined the role of shipping (or product distribution) under these
models, possibly because shipping is a significant activity primarily in online retailing. More
importantly, our findings provide insights into how the pricing model affects the value of an
endogenous strategy such as the MFS program, which is under the control of the retailer.
Our findings suggest that as the agency model becomes more widespread in online retailing
in the form of platform selling, online platforms would find introduction of a MFS program
to be more attractive. These insightful results extend our understanding of the drivers of

the transformations occurring in online retailing.
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3.2 Related Literature

Broadly, our study is related to studies that have examined the impacts of shipping fees
and free-shipping (Capon and Kuhn| |1982; Dolan, [1987; |Morwitz et al., [1998; [Nunes, 2000)).
This stream of research concludes that although free-shipping can increase consumer reten-
tion rate and order incidences, it is often unprofitable to online retailers (Lewis, 2006; |Lewis
et al., [2006). Our research is more closely related to the two contemporary studies that
have examined separate issues related to membership-based free shipping programs in online
marketplaces. (Tan et al.| (2015) compare two shipping programs—free shipping with a min-
imum order quantity, and free and expedited shipping with membership—for a monopoly
retailer. They show that expedited free shipping with membership benefits the retailer when
the value of expedited shipping to consumers (e.g., savings in holding cost) is sufficiently
high, but the program hurts the society. |Wen and Lin (2017)) study the impact of a MFS
program in a competitive setting in which one of two competing retailers adopts the program.
They show that the MF'S program benefits both retailers by softening the price competition
between them. Both these studies consider a single-level channel structure—one without
a manufacturer—in which the retailer sets the retail price. The research question that we
examine—the impact of the upstream pricing model on the value of the MFS program—is
fundamentally different from the research questions examined by those two studies. There-
fore, consistent with our research question, and in contrast to the earlier studies, we examine
a two-level channel structure with a retailer and a manufacturer. We consider the wholesale
model as well as the agency model for the upstream relationship between the retailer and
the manufacturer. Also, unlike these prior studies, we allow the purchase frequencies of
consumers to be heterogeneous but as well as endogenous in our setup. Consequently we
show several strategic effects of free shipping such as demand enhancement and negative

externality imposed by members on non-members, which play key roles in determining the
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impacts of MFS under the two pricing models, but these effects of the MFS program are
absent in the other two studies.

Our work is also related to the studies that have examined the differential impacts of the
agency model and wholesale model in supply chains. The rapid growth of online platforms
and digital products has led to an emerging body of literature on agency pricing, particularly
for digital products (Hao and Fan, 2014} [Tan et al., 2016 Tan and Carrillo, 2017; |Hao et al.|
2017; |Geng et al., 2018)). The primary focus of this literature stream is how external factors
such as retailer competition, market uncertainty, cost structure, and demand influence a re-
tailer’s choice of the pricing model. |Jiang et al.| (2011)) assume the agency model is inherently
more cost efficient than the wholesale model for the retailer, but show that the uncertainty
about demand affects the choice of the pricing model. [Johnson| (2017 shows revenue-sharing
is attractive to firms that set the revenue shares, which provides a potential explanation for
why dominant retailers switch from the wholesale model to the agency model. [Foros et al.
(2017) consider a market with competition between upstream suppliers and competition be-
tween retailers. They find that the relative intensity of competition between the two groups
determines a retailer’s preferred pricing model. Hagiu and Wright| (2015) find that the levels
of marketing efforts of sellers (the retailer in the wholesale model and third-party sellers
in the agency model) are different under the two pricing models and therefore, the result-
ing marketing efforts could influence the retailer’s choice of the pricing model, and Hagiu
and Wright| (2019)) examine whether a manufacturer or sales agents should undertake costly
marketing efforts. |Abhishek et al.| (2015) compare the profitability of the wholesale and
agency models when online markets coexist with offline channels. They find that although
the agency model is more efficient than the wholesale model, e-tailers’ preference over the
two pricing models depends on whether sales in the electronic channel stimulates or sup-
presses demand in the traditional channel. The implications of such spillovers are further

examined by [Yan et al. (2018)) from the perspective of retailing inefficiency. Kwark et al.
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(2017) conclude that publicly available third-party information in online marketplaces has
different effects under the two pricing models for different product types (e.g., whether prod-
uct quality or product fit dominates in consumers’ evaluation of products), and thus product
type and uncertainty about product attributes impact the retailer’s choice of the business
model. [Tian et al. (2018) find that upstream competition between suppliers critically af-
fects an intermediary’s choice of the business model. Some more recent studies (Yan et al.,
2019; Zennyo, [2020; Wei et al| 2020)) also provide useful insights on this topic from various
perspectives such as information asymmetry, demand volume, and market leadership. Our
research builds on this literature in the following way. While the prior literature has focused
on how exogenous market characteristics, such as competition and demand, affect a retailer
under the wholesale and agency pricing models, our research addresses the question of how
the value of free shipping programs, which is generally under the control of the retailer, is
affected by the pricing model.

Our research exhibits some aspects that resemble, and yet depart from, the studies on
multi-sided platforms (Armstrong, 2006; Caillaud and Jullien, 2003; [Parker and Van Al-
styne, 2005; Rochet and Tirole, |2003). This stream of research considers intermediaries that
facilitate transactions between two or more distinct groups of entities to create value in an
efficient way. The studies in this stream focus on markets that exhibit same-side and cross-
side network effects. On the other hand, we consider a retail marketplace where products
that do not exhibit such network effects| While the marketplace we study could be viewed
as a platform in that it facilitates transactions between sellers and consumers, online retailers
are not regarded as multi-sided platforms (Rochet and Tirole, |2006; Rysman, 2009) because

they lack the key features of multi-sided platforms, such as network effects.

6There is only one seller in the main model, which makes the issue of the cross-network effect on consumers
irrelevant. There is also no same-side network effect on consumers as the utility derived from the purchase
of a product does not depend on how many other consumers purchased the product.
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3.3 Model

We examine a pure online retailing context in which a manufacturer (namely, a third-party
seller) M sells his products with the help of a retailer R.|Z| We consider a time period that
consists of discrete shopping instances. For example, the time period could be a year and
each day in the year could be a shopping instance such that the time period has 365 shopping
instances. The manufacturer sells a product, which could be the same or different across
shopping instancesﬁ The retailer uses either the wholesale model or the agency model
during the period. Under the wholesale model, the retailer buys the product from the
manufacturer at a wholesale price and resells it to consumers at a retail price. Under the
agency model, the manufacturer sells the product directly to consumers using the retailer,
and the retailer charges a commission equal to « fraction of the sale price. The intensity of
need for the product for a consumer can vary across shopping instances in the sense that
she may not assign the same valuation, nor does she have the same preference at every
shopping instance. A consumer purchases a product at a shopping instance only if the net
utility from purchasing the product is positive at that instance. This model ensures that no
consumer—mneither a member nor a non-member of the MFS program when it exists—buys
a product at all shopping instances. She buys a maximum of one unit of a product in a
shopping instance. The fixed and marginal production costs of products are assumed to be

zero for the manufacturer.

"We consider an extension in which the retailer sells products from K > 1 competing manufacturers in
Section 7.1 and show that the qualitative results of the main model carry over to this extension.

8The restriction of single product in a shopping instance is for expositional clarity and is not critical to our
analysis or findings. In case of n > 1 products, if the products are symmetric with respect to the consumer
valuations, then the retailer’s and manufacturer’s profits under each pricing model will simply be n times
those given in the paper, and therefore, the results regarding the comparisons of the two pricing models will
not change qualitatively. Even in the case of asymmetric valuations of the n products, the retailer’s and
manufacturer’s profits under each pricing model will be an aggregation of the profits of individual products.
While the profit expressions will be more complex than those given in the paper, the qualitative results
regarding the comparisons of the two pricing models are unlikely to be different.
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Consumer Utility and Consumer Types. The consumer utility for the product
at any shopping instance depends on her base valuation, v, which represents the value she
derives from an ideal product that meets her need perfectly, and the misfit cost if the product
does not meet her need perfectly at that instance. We assume a consumer’s base valuation
at a shopping instance is either high, i.e., v=v;, or low, i.e., v=v;, where v, > v;. Consumers
are heterogeneous with respect to the likelihood that their base valuation is high (or low).
We let 6 denote the probability that v=wvy,, and refer to 6 as consumer type. We assume @ is
uniformly distributed on [0,1]. This heterogeneity is related to the intensity of consumers’
need or desire for purchase during the period. Hence, a consumer with a high # is more likely
to purchase than a consumer with a low 6 at any shopping instance.

We use a typical horizontal product differentiation model (Hotelling, |1929) to capture
a consumer’s preference or fit with the product at a shopping instance. In particular, we
assume that the product sold through the retailer is located at position 0 of a unit line that
goes from —0.5 to +0.5. A consumer’s location at any shopping instance is equally likely to
be any point along the unit line. The distance between a consumer and a product measures
the degree of misfit of the product to the consumer. When a consumer’s location is A, the
misfit cost is the degree of misfit times a unit misfit cost ¢, which is equal to | A | ¢.

The cost to ship a product to a consumer at any shopping instance during the period
is s, regardless of who pays for it. This is reasonable in a context where the shipping is
handled by an independent logistics provider. We abstract away details regarding logistics
and inventory management in order to isolate the impact of the pricing model (wholesale
versus agency) on the value of the MFS program. A similar approach is used by |Wen and Lin
(2017). We consider two scenarios that differ with respect to who bears the shipping cost.
In the scenario in which the retailer does not offer the MFS program, consumers incur the
shipping cost. In the scenario in which the retailer offers the MFS program, the retailer bears

the cost to ship products to members, but non-members bear the shipping cost themselves.
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Thus, for any shopping instance, we can formulate the net utility of a product for a consumer

of type 6, who is located at A\, and bears the shipping cost s, as follows:

Uw(@),\) = v@)— || t—s—p. (3.1)

where v() captures the base valuation of the consumer and p denotes the retail price of
the product at the shopping instance. Clearly, if the retailer bears the shipping cost for
the consumer, then the shipping cost will not be part of the net utility expression given in
Equation [3.1] We assume that each consumer knows her (realized) base valuation and her

(realized) location on the Hotelling line before making a purchase decision.
3v v .
We assume t > Th — EZ + s so that at any shopping instance there exist consumers

(i.e., those whose preferences are located far from the product) that do no buy. Further-
more, in order to ensure a positive demand under both high and low base valuation sce-

narios under both pricing models, with and without MFS, we assume that bv; — 3v, +
s(s(6s — 3v, +v;) — 2t f)
tf + s(v, —vy)
valuation non-members in the scenario where the retailer uses the wholesale model and

> (. The left side of the condition denotes the demand of low-

adopts MFS, as this scenario yields the lowest demand in our setup. The sellers (the man-
ufacturer and the retailer) do not know an individual consumer’s (realized) base valuation
nor her (realized) location. However, they know the base valuation distribution and location
distribution.

Timing of the Game. The game sequence depends on the pricing model as well as
the existence of the MFS program. The game sequence at any shopping instance is the
following. When there is no MFS program, under the wholesale model, in stage 1, the
manufacturer sets the wholesale price w. In stage 2, the retailer sets the retail price p. In
stage 3, consumers make their purchase decisions, and all parties realize their payoffs. If the

retailer does not offer the MFS program, under the agency model, in stage 1, the retailer
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announces the commission rate «. In stage 2, the manufacturer sets the retail price p. In
stage 3, consumers make their purchase decisions, and all parties realize their payoffs.

The sequence of events when the retailer offers the MFS program has two additional
stages which occur at the beginning of the period. In the first of these two stages, the
retailer announces a membership fee M and commits to bearing members’ shipping cost for
all shopping instances during the period. In the next stage, consumers decide whether to
participate in the MFS program by paying the membership fee.

We assume that the retailer incurs a per period MFS program administration cost that
is quadratic in the number of members. That is, the MFS cost to the retailer is given by
f+(number of members)?. This cost includes the cost to manage the program, the cost related
to handling potential product returns, and other costs such as those related to negotiating
fulfillment contracts with the manufacturer, arranging logistics, and allocating warehouse

spaces. We assume the MFS program administration cost f is not too small; specifically,
s(bv; — 3vp, — 2s)
>
/ 4t
solutions (namely, not all consumers join the MFS program when it is offered) under the

H The sole purpose of this cost in our model is to ensure interior

agency as well as wholesale models. We let i1 denote the manufacturer’s reservation profit for
the period to sell via R under the agency model. For a fair comparison of the two models,
we assume that the reservation profit is equal to the profit the manufacturer earns if it
were to use the wholesale modelm Without loss of generality, we normalize the number of
consumers and the number of shopping instances in time period under consideration to one

in the analysis, but still the realization of base valuation and location remains probabilistic.

9Relaxation of this constraint simply leads to an equilibrium in which all consumers become members of
the MFS program in the agency model. However, our results regarding the impacts of the pricing model do
not change qualitatively in this boundary equilibrium. For derivation of this condition, please refer to proof
of Lemma 4 in the appendix.

10A similar approach is used by |Tian et al|(2018). In reality, the manufacturer might choose either the
wholesale or agency model after observing the commission rate charged by the retailer, so his payoffs should
be identical to make it indifferent between the two pricing models, as suggested by |[Zennyol (2020). However,
we note that the exact value of the reservation profit does not play a role in the value of MFS to the retailer,
defined as the retailer’s profit under MFS minus the retailer’s profit under no MFS, under the agency model.
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We note that our model is applicable to an online retailing context that has the following
characteristics. The retailer sells a physical product that requires some cost to ship. The
product does not exhibit network effects, either on the consumer side or on the producer side.
Thus, an individual consumer’s valuation of the product is not influenced by the number
of consumers that buy the product. In the same vein, the number of consumers has no
influence on the manufacturer’s production cost. Analogously, the number of manufacturers
has no impact on production cost or consumer valuations. Furthermore, the retailer is free
to adopt either the wholesale model or the agency model with the upstream manufacturer.

Table summarizes the main notation used in the paper.

Table 3.1: Summary of Notation 2

Parameters Definition Range

v low base valuation at a shopping instance v >0

vy, high base valuation at a shopping instance vp > )

0 consumer type (probability that a consumer’s 0 ~ UJ[0,1]
base valuation is vp,)

A location of a consumer at any shopping instance A ~ U[—0.5,0.5]

t unit misfit cost t>0

S cost to ship the product at any shopping in- v >s5>0
stance

7 reservation profit of the manufacturer w>0

f MFS program administration cost multiplier f>0

Decision Variables

« commission rate ae€(0,1)

w wholesale price of the product w >0

P retail price of the product p>0

M membership fee to join the MFS program

Variables of Interest

U net utility from purchase for a consumer

Dgm demand from consumer type 6 as a member Dgm >0

Dgn demand from consumer type 6 as a non-member Dgn >0

D overall demand D>0

T expected profit of the manufacturer

TR expected profit of the retailer

cS consumer surplus

SW social welfare
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3.4 MFS program under the Wholesale Model

We first derive the subgame perfect equilibrium when there is no MFS program in place,
followed by the subgame perfect equilibrium when the retailer implements the MFS program.
We then compare the key quantities under the two equilibria to characterize the impact of the
MF'S program under the wholesale model. We use the superscript 5 for decision variables in
different scenarios, where i € {w, a} indicates the business model-—wholesale (w) or agency

(a), and j € {b,m} refers to the MFS program status—mo MFS (b) or MFS (m).

3.4.1 No MFS (Benchmark) under the Wholesale Model

In stage 3 of the game, when a consumer visits the retail platform, she will buy the product
if and only if her net utility is non-negative. Thus, using Equation [3.I| we can determine

that a consumer with a base valuation of v for the product will make the purchase only if
v—pw—g

she is located at | A |< pf

In stage 2 of the game, given the wholesale price w®?, the retailer sets the retail price to

maximize his expected profit by solving the following optimization model:

vh—pwb—s
t 1
/ dNdO + /
vhfpwas 0

In Equation [3.2] the first double integral captures the expected demand from the high

v

/ (1—0)d/\d«9). (3.2)
'ulfpu"bfs

1
arg max T4 = (p** — w"”b)(
pwb
0

base valuation consumer and the second double integral refers to the expected demand from
the low base valuation consumer. Solving the retailer’s maximization problem, we obtain

the optimal retail price as a function of the wholesale price in stage 2 of the game.
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In stage 1 of the game, the manufacturer maximizes his profit by solving the following

arg max 7y = w"? / / fdAdo + / / (1-0 d)\d9>. (3.3)

_vp—pWP—s pwb—s vy —pWo-—s pwb—s

model:

Lemma 3. Under the wholesale model, in the absence of the MFS program, the equilibrium

wbx

wholesale price w"™, retail price p***, demand D" from consumer type 0, and total demand

D™ are as follows.

v, + v — 28

wbx i 34

w 1 , (3.4)
3(vy, +v; — 2s

pwb* — ( h SZ ) , (35)

5v0; — 3vy, — 25 + 88(vy, — v

v + v — 28

ow* — . 37

m (3.7)

Using Lemma , we compute the equilibrium manufacturer profit (7¥?*), retailer profit
(7w%b*), consumer surplus (C'S“"*) and social welfare (SW***) and provide them in the ap-
pendix. We observe from Lemma [3| that an increase in shipping cost reduces both the
wholesale price and the retail price because the manufacturer as well as the retailer will
expect the demand to decrease when shipping cost increases, ceteris paribus. The demand
from each consumer also decreases in s even though the retailer lowers the price in response

to an increase in shipping cost. Consequently, the overall demand as well as the retailer’s

and the manufacturer’s profits decrease in s.

3.4.2 MFS Program under the Wholesale Model

When the MFS program is in place, a consumer’s purchase decision in the last stage of the

game depends on her membership status—whether she is a member of the MFS program or
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not—in addition to her base valuation and location. A non-member’s purchase decision rule
remains the same as that in the benchmark. Specifically, she will buy the product if and

U_pwm_

only if | A |< ® On the other hand, if the consumer is a member, she will buy

the product if and only if | A |< vt

When the retailer sets the price, his expected profit depends on the expected size and the
composition of the membership base. The retailer will rationally expect that if a consumer
of type 0 participates in the MFS program, then all consumers that have a type greater than
0 will also participate in the program. This is because a consumer with a higher # would buy
more frequently and would find participation to be more profitable than a consumer with
a low 6, given the membership fee. We denote the type of the marginal consumer who is
indifferent between joining and not joining the MFS program as ™. Then, the size of the

membership base would be equal to (1 — é“’m). Therefore, the retailer solves the following

model to set the retail price.

éwm 7vh—p':’m—s
arg max mp" = ( / / OdAdo +
pwm
0 vp—p¥m—s
t
1 vh_fwm
+( / / fdNd6 +
éwm vh,fwm

+Mme _ f(l _ éwm)? .

v —p¥M—s

ow

/ / (1— G)d)\d0> (pm — wm)

m
0 _vy-—p¥m-s
t

v _pwm
t

/ / (1— 9)d)\d9> (P — W™ — s)

1
R i
t

where MF¥™ = (1 — ™)M®™ is the total membership fee collected by the retailer from
participating consumers and M™™ is the membership fee. Solving the retailer’s maximization
problem, we obtain the optimal retail price as a function of the wholesale price under the

MF'S program.
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In the stage where the manufacturer sets the wholesale price, the manufacturer solves

the following model.

v —p"""—s

éwm

éwm Uhfpz:mfs -
arg max wi" = ( / / fdNdO + / / (1 — 0)ddo
0 _vp—pWTm-—s 0o _
R T
+ / / BdNd6 + / / (1 —6’)d>\d9>w“’m .
gom _on—pt" gom _w—pt™

In the preceding stage, a consumer participates in the MFS program if and only if her

v v

expected (future) surplus gain by participating is not less than the membership fee, M*™.

For a consumer with type 6, the expected surplus with the membership is given by:

’Uhfpwm ,Ulipwm
O(on — p™ — £ | X ])dA + / (1= ) (v — p"™ —t | A |)dA . (3.8)
vp, —pWm oy —pwm

t t

The expected surplus for the same consumer without the membership is given by:

wm wm

vp =P —s v —p —s
/ O(vp, —p"™ —s—t| X|)dA+ / (1—=0)(v,—p“™ —s—t]|X|)dA.
vy —pWM—s v —pWM —s

(3.9)

We can verify that the difference [3.§]- [3.9is increasing in 6, implying that if a consumer

of type 0 participates in the MFS program, then consumers that have a type higher than 6
will also participate in the program. Therefore, we can write the membership fee M*™ as
the difference - for the indifferent consumer with type gum Then, we can restate the

retailer’s problem in stage 1 in terms of choosing the optimal §*™.

Lemma 4. If the retailer implements the MFES program under the wholesale model, the equi-

librium membership fee M*™ , membership base (l—éwm*), wholesale price w™, retail price
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WN*

b demand from consumer type

p*“"™  demand from consumer type 6 with a membership D

0 without a membership Dy and total demand D"™ are as follows.

s(50; — 3vy, — 65 + 8(s + vy — v,)0™)
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Using Lemma , we compute the equilibrium manufacturer profit (7};™*), retailer profit
(m™*), consumer surplus (C'S™™) and social welfare (SW™"*) and provide them in the
appendix. We also verify that 0 < gums < 1, By comparing Lemma (3| with Lemma ,
we identify interesting similarities and differences between the equilibria in the presence of
the MFS program and in its absence. One striking similarity is that the wholesale price
and total demand are identical in the two equilibria. The intuition for this result is the
following. The MFS program directly affects the consumers (members, specifically) and the
retailer by transferring the burden of shipping cost from members to the retailer, but it does
not directly affect the manufacturer. The retailer accounts for the shipping cost transfer
by adjusting his profit margin such that the demand under MF'S is the same as that in the
benchmark; specifically, while the retailer sets a low price in the benchmark to compensate
for the shipping cost incurred by consumers, he sets a high price under the MFS program

to account for the shipping cost transferred to him. Anticipating this behavior from the
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retailer, the manufacturer sets the same wholesale price as in the benchmark under the MFS
program and induces the same overall demand in both cases.

We note that the above finding is analogous to the classic economic finding that demon-
strates the equivalence between producer tax and consumer tax in terms of equilibrium
demand, producer surplus, and consumer surplus (Gans et al. 2011). Shipping cost in our
context can be viewed as a tax on transactions. In the absence of the MFS program, the
consumer bears this tax whereas in the presence of the MFS program, the retailer bears
the tax for members. Regardless of who bears this cost, the entity that sets the price that
consumers pay (the retailer in our context) adjusts the price so as to induce the same de-
mand in the equilibrium. However, we note that our context also differs from a typical tax on
transactions. For instance, we have two groups of consumers—members and non-members—
under the MFS program and the party that bears the shipping cost varies across these two
groups whereas the consumers are treated uniformly in the tax analogy. Therefore, although
the transfer of shipping cost does not affect the overall demand under the wholesale model,
consumer surplus is different with and without MF'S due to heterogeneity among consumers.

While the retail price decreases with the shipping cost in the benchmark, it can increase
or decrease with the shipping cost under the MFS program. An increase in shipping cost has
two effects on the retailer under the MFS program. The direct effect is that it increases the
retailer’s cost of shipping to members. The indirect effect is that it decreases the wholesale
price. While the first effect exerts an upward pressure on the retail price, the second effect
exerts a downward pressure, ceteris paribus. Therefore, whether the equilibrium retail price
increases or decreases with the shipping cost depends on which of these two effects dominates.
Consequently, an increase in shipping cost can cause demand from a consumer to increase
or decrease.

We find that the size of membership base is concave in s and achieves the maximum
VOtf(6tf +v2 —v?) — 6t f
6(Uh — Ul)

value at s = . When the shipping cost is small, the impact of
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and the benefit from the MFS program to the retailer is not significant. Consequently, the
retailer does not have much incentive to induce low consumer types to join the program.
On the other hand, when the shipping cost is large, the shipping cost burden becomes more
dominant relative to the potential benefit from low consumer types. Thus, the membership

base is largest when the shipping cost is neither too small nor too large.

3.4.3 Impact of the MFS Program under the Wholesale Model

Proposition 8. Under the wholesale model, the retailer’s profit is higher with the MFES
vy + U

program than without, i.e., TS™ > 7% if and only if s <

Proposition [§| reveals that under the wholesale model, the MFS program is profitable to
the retailer only if the shipping cost is not too excessive. When the shipping cost is very
high, the increase in revenue does not offset the increase in the shipping cost burden even for
the consumer with the highest consumer type. Therefore, it is unprofitable for the retailer to
induce any consumer to join the program. A closer examination of the drivers of Proposition
1 reveals several more granular insights regarding the impact of the MFS program under
the wholesale model. We explain these insights by isolating the impact of MFS on various
components of the retailer profit. We decompose the retailer profit under the MFS program,
excluding program administration cost, into three components: (i) retailer’s net revenue from
sales (NR) which is equal to demand times profit margin, where profit margin is defined as
retail price minus wholesale price, (ii) total membership fee paid by members (MF), and
(iii) absorbed shipping cost (SC). We note that in the absence of the MFS program, the
retailer’s profit comprises of NR only, which is equal to 7w%*.

By comparing Equation with Equation [3.5] we find that the retail price is higher
under the MFS program compared to the benchmark. Meanwhile, the MFS program does not

have any effect on the wholesale price as mentioned in the discussion following Lemma [4]

Thus, the MFS program enhances the retailer’s profit margin. We denote this impact of
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MF'S on the retailer’s profit margin as the profit-margin increasing effect. The magnitude of
the profit-margin increasing effect under the MFS program in the wholesale model can be

calculated as:
APMW* — (pwm* o wwm*) o (pwb* - wwb*) _ 8(1 o éwm*) >0 . (315)

From the above expression, it is clear that an increase in the size of the membership base
increases the magnitude of the profit-margin increasing effect of the MF'S program.

The MFS program has opposite effects on the demands from a member and a non-
member. By comparing Equation (3.13) with Equation (3.6), we find that the demand
from a member is greater under the MFS program compared to the benchmark. On the
other hand, by comparing Equation with Equation , we observe that the demand
from a non-member is smaller under the MFS program compared to the benchmark. The
non-members purchase less under the MFS program because the MFS program pushes up
the retail price, which increases their overall cost of purchase. The members purchase more
under the MF'S program despite the increase of the retail price because this increase does not
offset the savings they realize in shipping cost, which decreases their overall purchase cost.
While the impacts of the MF'S program on the two groups—members and non-members—are
in opposite directions, the increase in the demand from members is offset by the decrease
in the demand from non-members, resulting in no impact on the overall demand as shown

below:

ADY* = D¥™ — D" = () (3.16)

Thus, the total demand is unaffected by the MFS program under the wholesale model. Since
profit margin is higher, the net revenue, N R*™* is higher under the MFS program compared
to the benchmark.

The retailer also enjoys a new source of revenue in the form of membership fee, MF
under the MFS program, but the gain from MF comes at the expense of shipping cost
burden, SC.
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Corollary 1. The revenue earned from membership fees is less than the burden of shipping

cost incurred by the retailer in the wholesale model, i.e., M F*“™ < SC"™*.

Corollary [1] reveals that the retailer ends up subsidizing the members’ shipping cost
because the total membership fee collected by the retailer is less than the total shipping
cost borne by it. An important implication of this finding is that the MFS program will be
deemed to be a failure for the retailer and a success for the members if the argument is made
solely based on the membership fee and the shipping cost. However, Proposition 1 and the
analysis related to consumer surplus discussed in Section 6 show that this line of reasoning
and any conclusion based on it could be misleading.

The above findings show that under the wholesale model, the sole cause for the retailer’s
benefit from the MFS program is the increased profit margin he enjoys under the MFS
program. More importantly, the increased profit margin is solely the result of a higher
retail price charged under the MFS program compared to the benchmark (recalling that the
wholesale price is unaffected by the MF'S program). While the retailer gives back some of the
price increase in the form of shipping subsidy to members, he retains all the price increase

from non-members.

3.5 MFS Program under the Agency Model

As in the wholesale model, we follow the backward induction procedure to derive the subgame
perfect equilibria in the absence and in the presence of MFS under the agency model. We
leave the details of derivation to the appendix and provide a brief sketch of the derivation

in this section.

3.5.1 No MFS (Benchmark) under the Agency Model

Consumer decision rule in the last stage of the game remains the same as in the benchmark

under the wholesale model. In stage 2 of the game, the manufacturer chooses the retail price
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p? given the commission rate a®® by solving the following model:

1 vhfzj5 v —p*’—s p b_g
arg ma 7] = (/ / Qd)\d9+/ / 1—8d)\d9> b(1 — o) .
0 vhf _ vy —p*—s P b—s

In stage 1 of the game, the retailer determines the commission rate a® by solving the

model below.

arg max = ( / / fddO + / / (1- 6’)dz\d§)p“bozab,
0 _,Uh,pc:,b,S 0 _y— pab,S
subject to e > = 7 = gy

The constraint in the above model denotes the individual rationality (IR) restriction that

ensures the reservation wage for the manufacturer to sell via the online retailer.

Lemma 5. Under the agency model, in the absence of the MFS program, the equilibrium

abx

commission rate a®*, retail price p®®* and demand D§* from consumer type 0 , and total

demand D®* are as follows.

Q= 1 o Jj”_ PR (3.17)
S e B (3.18)

4
pave — 3v; — vy, — 232:— 40(vy, — vy) | (3.19)
D = %2_25 . (3.20)

Using Lemma [5, we compute the equilibrium manufacturer profit (745*), retailer profit
(79*), consumer surplus (C'S®*) and social welfare (SW*) and provide them in the ap-

pendix. We also verify that 0 < a®* < 1. It is intuitive that the equilibrium commission
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rate decreases in the manufacturer’s reservation profit, because as the value of the outside
option for the manufacturer increases, the retailer has to leave more surplus so that the
manufacturer does not drop out. An increase in shipping cost reduces the equilibrium retail
price because the manufacturer expects less demand from consumers, ceteris paribus. The
demand from any consumer also decreases in s. Consequently, the overall demand decreases
in s and the retailer decreases the commission rate when s increases so as to satisfy the (IR)

constraint.

3.5.2 MFS Program under the Agency Model

The consumer decision rule in the last stage of the game, given the retail price, remains the
same as in the MFS program under the wholesale model. Thus, a consumer’s purchase deci-
sion in any shopping instance depends on her membership status. Denoting the indifferent

consumer type as é“m, the manufacturer solves the following model to choose the retail price.

tm75 éa 'ulfpamfs
arg max mij’ = / / Od\do + / / (1 —0)dAdb
m_s Yy —p?M—s
/ / Gd/\d9+/ / 1—0d)\d6> m(1 — qom) |
v —pom pam v —pam pam

Knowing how much the manufacturer will charge as the retail price, the retailer solves

the following model to choose the commission rate in the preceding stage.
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Following the logic provided for the wholesale model, in stage 1 of the game, the retailer
will set the membership fee M*™ as the difference between the marginal member’s expected
surplus with the membership and without the membership.

For the marginal member, the expected surplus with the membership can be calculated

as:

0 / (v, — p™™ —tA)dA + (1 — 0) / (v — p™™ — t\)dA
s iy
The expected surplus for the same consumer without the membership can be calculated
as:
TR w s
6 (vp, — p*™ — s —tA\)dA + (1 —0) / (v — p™™ — s — t\)dA
vp—pam s vy —pam s

t t

Lemma 6. If the retailer implements the MFS program under the agency model, the equilib-

*

rium membership fee M**  membership base (1 — 0“™*), commission rate a®™*, retail price
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amsx

p*™*, demand from consumer 0 with the membership D7

and demand from consumer 6

without the membership Dg?gam, and total demand D™ are as follows.

$(3v; — v, — 25 4 2(s + 20, — 20,)07™*)

Mam* — ,

2t
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amsx

Using Lemma |§|7 we compute the equilibrium manufacturer profit (747"*), retailer profit
(r%™), consumer surplus (C'S*™) and social welfare (SW®™) and provide them in the
appendix. We also verify that 0 < g < 1 and 0 < a®* < 1. We find that the re-
tail price set by the manufacturer is not the same with the MFS program and without
the MFS program under the agency model. Furthermore, total demands are also different
under the MFS program and the benchmark in the agency model. These findings are in
sharp contrast to those under the wholesale model. Similar to the MFS program under the
wholesale model, the retail price can increase or decrease with the shipping cost, as the
optimal membership base that determines the retail price is non-monotonic in s. Conse-
quently, an increase in the shipping cost can cause demand from any consumer as well as

the overall demand to increase or decrease. Furthermore, as in the wholesale model, we

find that the size of membership base is concave in s and achieves the maximum value at
s \/2tf(32tf + (7Uh — 91}1)(1)h + Ul)) —8tf
N 7Uh — 9Ul '
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3.5.3 Impact of MFS under the Agency Model

Proposition 9. Under the agency model, the retailer’s profit is higher with the MFS program

. . . , Up + U
than without, i.e., 4™ > 7%* if and only if s < h 1 &

A comparison of Proposition [§] and Proposition [J] shows that the impact of the MFS
program on the retailer’s profit is qualitatively similar under the wholesale and agency mod-
els. A closer examination of the impact of MFS under the agency model reveals that while
some of the underlying drivers of the impact are the same under the two models, there is
also an important difference. To understand this difference, we again decompose the retailer
profit, not accounting for the program administration cost, under the MFS program into
three components: retailer’s net revenue received from the manufacturer as commission fee
(NR); total membership fee paid by subscribing consumers (MF); and absorbed shipping
cost (SC).

By comparing Equation with Equation [3.18] we find that the retail price charged by
the manufacturer is higher under the MF'S program compared to the benchmark. Clearly,
the manufacturer recognizes that some fraction of the consumers, viz., members, incur a
smaller overall cost of purchase under the program compared to the benchmark because
they do not incur the shipping cost anymore. The manufacturer then extracts a part of
the extra surplus these consumers enjoy under the MFS program in the form of a higher
price. This finding is noteworthy in light of the report in the popular press that Amazon has
been accused of encouraging third-party sellers to inflate their prices after it introduced the
the Prime program (GeekWire, [2014)). This increase in the retail price is similar to the one
we identified under the wholesale model. The retailer, being the first mover in the game,
extracts the higher price enjoyed by the manufacturer under the MFS program, by adjusting
the commission rate and leaving the same surplus to the manufacturer as in case without

the MFS program. Thus, the retailer enjoys an increase in the profit margin in the agency
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model as in the wholesale model. The magnitude of the profit-margin increasing effect under

the agency model can be calculated as:

1 — éam* abx
APM® = pam*&am* o pab*aab* > pam*aab* o pab*aab* _ S( 5 )Oé >0 . (326)

The retailer enjoys an additional benefit from the MFS program under the agency model
that does not exist under the wholesale model. By comparing Equation (|3.24]) with Equation
(3.19)), we find that the demand from a member is higher in the presence of the MF'S program
compared to the benchmark. On the other hand, comparing Equation with Equation
(3.19), we find that the demand from a non-member is smaller in the presence of the MFS
program compared to the benchmark. The impact of the MFS program on each of the
two groups—members and non-members—is qualitatively identical under the wholesale and
agency models. However, unlike the wholesale model, we find that the impact of the MFS
program on the overall demand is always positive. Thus, while the total demand is unaffected
by MFS under the wholesale model, it increases with MFS under the agency model. We
denote this impact of the MFS program on the overall demand as the demand enhancement

effect. We quantify the demand enhancement effect as follows.

s(1 — 6om)
t

AD™ = D™ — D** — >0 . (3.27)

Both the profit-margin increasing effect and the demand enhancement effect contribute
to the higher commission revenue, NR, for the retailer under the MFS program compared
to the benchmark. Furthermore, as in the wholesale model, the retailer enjoys an additional
stream of revenue in the form of membership fees collected, MF under MFS, which the
retailer does not have in the benchmark, and also incurs the shipping cost of the members
which the retailer does not have to incur in the benchmark. We show below the membership
fees collected does not cover the cost of shipping burden incurred by the retailer even under

the agency model.
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Corollary 2. The revenue earned from membership fees is less than the burden of shipping

cost incurred by the retailer in the agency model, i.e., M F*™ < SC*™*.

As in the wholesale model, an important implication of the above finding is that success
or failure of the MFS program cannot be assessed solely based on the membership fee and
shipping cost in the agency model.

The above findings show that under the agency model, two effects contribute to the
retailer’s benefit from the MF'S program: the increased profit margin and the enhanced total
demand. In summary, the analysis of this section shows that the qualitative impacts of
the MFS on the retailer are largely similar under both wholesale and agency models. For
example, under both models, the MFS program is profitable to the retail platform only
when shipping cost is not too high, and the retailer subsidizes shipping cost of members by
charging a membership fee that is smaller than the average shipping cost savings enjoyed
by members. Some of the drivers of the impact are also the same under both models. For
instance, the MFS program always leads to a profit-margin increasing effect. Therefore, a
key question is whether the retailer has the same incentives to adopt MFS under the agency

and wholesale models. We answer this question next.

3.6 Value of MFS under the Two Pricing Models

We examine the value of the MFS program to the retailer under each pricing model (whole-
sale and agency) based on the retailer’s profit gain when he implements the MFS program
compared to the benchmark under the same business model. We define the retailer’s profit
gain from the MFS program under the wholesale model and the agency model, respectively,
as Ams* = g — b and An% = 74 — 9% The following result provides a key finding

of our study—that is, the MFS program is more valuable to the retailer under the agency

model than the wholesale model.
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Proposition 10. The retailer’s profit gain from the implementation of the MFS program is

greater under the agency model than the wholesale model, i.e., Amg > An*.

Proposition is a main result of this paper. It shows that the MFS program is more
valuable to the retailer under the agency model than the wholesale model. On the surface,
one might think this result is intuitive because of the well-known double-marginalization
problem that exists in the wholesale model but not in the agency model. However, this
intuition does not capture the more subtle relationships between the MFS program and the
pricing model. Specifically, the driving force behind Proposition 3 is not just the presence or
absence of double-marginalization, but how the MFS program affects the severity of double-
marginalization problem in the wholesale model and the single marginalization in the agency
model. We quantify the degree of the double-marginalization problem as the total channel
profit, i.e., the sum of retailer’s and manufacturers’ profits, when the double marginalization
is present (as in the wholesale model) and when it is absent (as in the agency model).
The MFS program aggravates the double-marginalization problem in the wholesale model
because the MFS program transfers the shipping cost from the consumers to the retailer.
The shipping cost is an additional marginal cost on the retailer, on top of the wholesale
price that the retailer incurs whether or not the MFS program exists, which worsens the
double-marginalization problem in the wholesale model. On the other hand, marginalization
exists only at the manufacturer end in the agency model because the manufacturer sets the
retail price based on his marginal cost (which is normalized to zero). The MFS eliminates
the shipping cost incurred by the consumers. A reduction in consumer’s transaction cost is
analogous to reducing the marginal cost of the manufacturer. Effectively, the MF'S program
mitigates (single) marginalization at the manufacturer’s end. Together, these effects of MFS
on marginalization in the two models drive Proposition 3.

To gain further insights into Proposition [10, we decompose the retailer’s profit gain

from the MFS program by isolating how the MFS program affects different components of
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profit gain under the two models. Clearly, the MFS program affects the retailer’s profit
margin, demand, and shipping cost subsidy. Furthermore, all these components and the
MFS program cost, are affected by the size of the membership base, which is different under

the two models.

Corollary 3. When the retailer implements the MFS program,

(i) the size of the membership base is larger under the agency model than the wholesale
model, i.e., 1 — gomx > 1 — éwm*;

(i) the shipping subsidy to members is higher under the agency model than the wholesale
model, i.e., SC*™ — M F*™ > SC*™ — M F"Y™;

(iii) the profit-margin increasing effect is higher under the agency model than the whole-
sale model, i.e., APM®* > APM"*;

(iv) the demand enhancement effect is higher under the agency model than the wholesale

model, i.e., AD > AD™*,

The retailer induces more consumers to become members of the MFS program under the
agency model than the wholesale model. The primary reason for this finding is that for every
consumer type, the surplus gain from joining the MFS program compared to not joining is
lower under the wholesale model than the agency model. This is driven by the fact that,
under the wholesale model, the retailer will pass on some of the shipping cost burden he will
bear under MFS while setting the retail price; on the other hand, under the agency model,
the manufacturer which sets the retail price under does not suffer from the shipping cost
burden under the MFS program. As a result, the retailer induces only a smaller number of
consumers to join the MFS program under the wholesale model than the agency model.

A larger membership base has both a positive impact and a negative impact on the
retailer’s profit gain from the MFS program. As we observed in Corollary [I] and Corollary [2]

the retailer subsidizes the members’ shipping costs. An increase in the membership base
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exacerbates the retailer’s loss from the subsidy. On the other hand, the retailer’s profit
margin increases because of the MFS program. An increase in the membership base enhances
this benefit to the retailer by increasing the demand. That is, the demand enhancement
effect, which is present in the agency model but not in the wholesale model, arises from two
sources: (i) a higher reduction in members’ overall cost of purchase in the agency model
compared to the wholesale model, and (ii) a larger membership base in the agency model
compared to the wholesale model. Corollary [3{ii)-3(iv) confirm these positive and negative
effects of a larger membership under the agency model compared to the wholesale model.
An implication of Corollary [3{i)-3(iv) is that a higher profit gain from the MFS program
for the retailer under the agency model relative to the wholesale model comes solely from a
higher (net) revenue increase the retailer enjoys from the MFS program under the agency
model than the wholesale model, contributed by both (i) the profit margin increase that
is higher under the agency model and (ii) the demand increase the retailer enjoys from the
MF'S program under the agency model. Furthermore, as shown in Proposition 9] the demand
enhancement under the agency model comes only from members. Therefore, in conclusion,
we find that a higher profit gain the retailer enjoys from the MFS program under the agency
model than the wholesale model is essentially the result of a higher profit margin, a higher
demand from members of the MFS program, and a larger MFS membership base in the

agency model relative to the wholesale model.

Proposition 11. The MFS program is profitable to the retailer

(i) under both pricing models if s < Up, ;— Ul’

(ii) under only the agency model if el Z k. <s< Un 1_ k. , and

Uy, + Uy

(#i) under neither business model if <s

Proposition shows that the retailer would implement the MFS program in a larger

region of the parameter space under the agency model compared to the wholesale model.
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In other words, there exist scenarios where MFS is unprofitable to the retailer under the
wholesale model but profitable under the agency model. Figure demonstrates the higher
profit gain from MFS under the agency model (given in Proposition and the expansion

effect of the agency model (given in Proposition .

08f /! N
06} J \ —— Wholesale Model

U Agency Model
04f / \

02 / \

Figure 3.1: Retailer Profit Gain Comparison with respect to Shipping Cost
Notes: f =5, v, = 50, vy = 100, ¢ = 100

The last two propositions show that the agency model provides more incentive to an online
retailer to adopt the MFS program. Intuitively, the wholesale model constrains the retailer
from reaping the full benefit of the MFS program. The MFS program simply transfers the
shipping cost—which is a type of transaction cost—from the consumers to the retailer. Under
the wholesale model, the retailer sets a low retail price when consumers incur the shipping
cost and a high retail price when it incurs the shipping cost. Effectively, the retailer is unable
to alter the overall demand with the help of the MFS program compared to the benchmark
under the wholesale model even though members do not incur any shipping cost in the
presence of the MFS program but they do in its absence. On the other hand, under the
agency model, the manufacturer does not face the burden of shipping cost under the MFS
program while setting the retail price. That is, by removing the shipping cost altogether from

the transaction between the manufacturer and the consumers, the MFS program boosts up
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the demand and the membership base in the agency model. Thus, by giving up the pricing
power to the manufacturer, the retailer is able to reap the full benefits of the MFS program
under the agency model.

We have shown in the preceding analysis and results that the MFS program delivers a
higher profit gain under the agency model than under the wholesale model. We have also
provided comprehensive explanation for the result based on how the MFS program affects
demand, profit margin, and the severity of double and single marginalization under the two
models. However, the two pricing models also differ on two fundamental characteristics.
First, who moves first—whether the retailer or the manufacturer—is different under the two
models. While the upstream manufacturer moves first by setting the wholesale price under
the wholesale model, the retailer moves first by setting the commission rate under the agency
model. Second, while the manufacturer offers a linear wholesale price contract under the
wholesale model, the retailer offers an ad-valorem commission rate contract (i.e., revenue-
sharing contract). Naturally, the question arises whether the differences between these two
models along the above two characteristics could provide an explanation for our findings. We
answer this question by examining the impact of the MFS program under the consignment

model and a model akin to the franchise model, as investigated by [Johnson| (2017)).

Consignment Mode

In the consignment model, the retailer first sets the wholesale price and then the manufac-
turer sets the retail price. Therefore, the consignment model is analogous to the wholesale
model, but the retailer has the first-mover advantage as in the agency model. We compare
the retailer’s profit gain from the MFS program under the consignment model and the whole-
sale model (as discussed in Section 3) to examine how a change in the first mover affects the

profit gain. We use superscript ¢ to denote the consignment model.
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Corollary 4. The retailer’s profit gain from the MFS program under the consignment model

is equal to that under the wholesale model, i.e., Arf = Amp*.

Corollary 4| shows that the retailer actually achieves the same level of profit gain under
the consignment model and the wholesale model. An examination of the analysis suggests
that although the wholesale price is higher with the MFS program than without under the
consignment model, which is different from the wholesale model case, the retail prices in
fact are identical if the retailer implements the MFS program across the two pricing models.
Meanwhile, the equilibrium membership base are of the same size as well. Hence, the MFS
program under the consignment model fails to induce any demand enhancement either.
Interestingly, we find that the manufacturer’s profit is not affect by the implementation of
the MFS program under the consignment model, which is similar to what we found in the
wholesale model. Thus, we can conclude that most of the equilibrium outcomes including
the consumer composition, overall demand, manufacturer profit and retailer profit gain from

the MF'S program are not sensitive to who moves first.

Franchise Mode

In the franchise model, the retailer sets the commission rate (i.e., uses the revenue-sharing
contract) as in the agency model, but also sets the retail price as in the wholesale model.
Thus, the key difference between the wholesale model and the franchise model is that the
linear wholesale price contract is replaced with the revenue-sharing Contract.lﬂ We use

superscript f to denote the franchise model.

HTn a traditional franchise model, the manufacturer sets the commission rate, but this model is rarely
used in online retailing where the retailers are dominant players. Our main purpose of this analysis is to
theoretically understand the key driving force of MFS. Therefore, we only use the term “franchise model”
loosely in this analysis.
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Corollary 5. The retailer’s profit gain from the MFS program under the franchise model (i)
18 less than that under the agency model, i.e., A?T]];* < An¥; and (it) is less than that under

the wholesale model, i.e., Aw%* > Axl’, if and only if 285> — 20s(vy, + v;) + 3(vy + v)? < 0.

Corollary [f|(i) shows the retailer always benefits more from the MFS program under
the agency model than under the franchise model, despite the fact that both of them have
the revenue-sharing feature. This result suggests the retailer’s higher profit gain from MFS
under the agency model than under the wholesale model cannot be purely attributed to the
revenue-sharing contract. In fact, as indicated by Corollary (ii), the MF'S program can yield
a lower gain under revenue-sharing than under the wholesale model under some conditions.

Overall, the results related to the value of the MF'S program under the consignment model
and the franchise model show that the retailer’s higher profit gain from MF'S in the agency
model is not a result of the retailer having the first-mover advantage or the revenue-sharing
contract. Instead, the key driving force is the separation of price setting and shipping burden
to two different parties. That is, while the agency model transfers the retail price setting
authority to the manufacturer from the retailer, the MFS program puts the shipping cost
burden to the retailer, transferring from the consumer. Thus, the MFS program under the
agency model alleviates the consumers’ shipping burden and enables the retailer to realize
the full demand and profit margin potential. The other models do not have this distinct

feature, thereby limiting the potential benefit of the MFS program to the retailer.

3.7 Impacts of MFS on Consumers and Society

The preceding analysis focused on how the pricing model affects the impact of MFS on
the retailer. However, the other stakeholders in this marketplace such as the manufacturer,
consumers, and society could all be affected by the MFS program. In this section, we examine

the impacts of the MFS program on these stakeholders under the two pricing models.
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It is straightforward to verify that the MFS program does not have any impact on the
manufacturer either under the wholesale model or the agency model. Under the wholesale
model, both the wholesale price and the demand are the same with and without the MFS
program. Under the agency model, the retailer makes the manufacturer indifferent with and
without the MF'S program by paying the same reservation wage.

The following result presents the impact of the MFS program on consumers.

Proposition 12. When the retailer implements the MFS program, compared to when it does
not,

(a) the overall consumer surplus is lower in the wholesale model, i.e., CS¥™ < CS¥*;

(b) the overall consumer surplus is higher in the agency model, i.e., C'SY™ > C'S%®* if
and only if s?(8s + 5vy, — 11v;) + 4t f (v, + v, — 25) < 0;

(¢) non-members are worse off in both the wholesale model and the agency model, i.e.,

and CS¥™ < (' Sab*

f<fam f<fam’

WMk whs
¢ o<fum CSG<éwm

(d) in each model, members are better off if their type is higher than a threshold value,
ie., CSY™* > O8%* if and only if 0 > 0¥™ and CS¥™ > OS% if and only if

gzéwm ezéwm Qzéam ezéam

0 > 0™ where the exact expressions of 0" and 0™ are given in the proof.

Proposition [12|(a) reveals that consumers as a whole are worse off with the MFS program
than without in the wholesale model. Clearly, non-members will be worse off with the MFS
program because they end up paying a higher retail price and consuming less when the MFS
program is implemented and when it is not. We refer to the reduction in surplus of non-
members when some consumers decide to join the MFS program as the negative externality
effect imposed by members on non-members. This negative externality effect has counter-
intuitive implications for members as well as the retail platform. For members, it seems that
they can be better off with the MFS program than without, because the extent of retail

price increase given by Equation (3.15)) is only a fraction of their savings in shipping cost,
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resulting in a net reduction in their purchase cost. However, this intuition turns out to be
not necessarily correct because we find that even some members are actually worse off with
the MFS program compared to the benchmark. The explanation for this surprising finding
is the following. The members’ benefit in the form of net savings in purchase cost comes
at the expense of an upfront membership fee they pay to the retail platform. Consider a
consumer deciding whether to join the program. Because of the negative externality effect,
the consumer will expect to suffer a loss in surplus if she does not join the program. On
the other hand, by joining the program, she will expect to achieve savings in purchase cost
or a positive purchase-related surplus. Therefore, the positive difference in the consumer’s
expected surplus when she joins the program and when she does not, which is equal to the
expected savings in purchase cost by joining plus the expected loss in surplus by not joining,
provides her an incentive to join the program. Recognizing this incentive of the consumer,
the retailer charges a membership fee that is just less than this difference in surplus, which
accounts for not only the purchase-related savings enjoyed by the consumer but also the
loss in surplus arising from the negative externality effect if she does not join the program.
Consequently, some members with valuation close to the marginal member end up being
hurt under the MFS program compared to the benchmark. Essentially, under the MFS
program, the negative externality effect imposed by the program enables the retailer to force
these members to choose between two options—joining and not joining—, both of which hurt
them but joining hurts them less, thereby inducing them to choose joining over not joining.
Interestingly, although some members with high valuation could be better off with the MFS
program, the overall consumer surplus is always lower due to the relatively larger extent of
price increase and the absence of demand enhancement under the wholesale model.
Proposition (b), on the other hand, suggests that the overall consumer surplus can
be higher with the MFS program compared to the benchmark under the agency model,

even though the surplus of any individual consumer, either a member or an non-member, is
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affected by the MFS program qualitatively in the same way under both agency and wholesale
models. This remarkable distinction is because of the relatively smaller extent of price
increase and the presence of demand enhancement under the agency model, which enhances

the surplus enjoyed by consumers.

Proposition 13. When the retailer implements the MFES program, compared to when it does
not,

(a) social welfare is lower under the wholesale model, i.e., SWwm™* < SWwbx;

(b) social welfare is higher under the agency model, i.e., SW™* > SW®* if and only if

4v? — 23svy, + 25sv; — v} — 8tf > 0.

Proposition (a) suggests that society is always worse off when the retail platform imple-
ments the MF'S program than when it does not in the wholesale model. This is a noteworthy
result in light of Equation , which shows that the MFS program does not have any
impact on the overall demand under the wholesale model. Thus, it may seem that social
welfare should remain the same as MFS does not change either valuations or costs; however,
it turns out to be not the case. The explanation for this seemingly counter-intuitive finding
is as follows. Although the overall demand is unaffected by the MFS program, demand
from each consumer segment—members and non-members— is influenced in a distinctive
manner. When the retailer implements the MFS program, members actually consume more,
while non-members consume less than the benchmark. On one hand, the increase in demand
from members comes from high-misfit cost transactions—that is, those shopping instances
in which members do not consume when they have to incur the shipping cost but consume
when they do not incur the shipping cost. On the other hand, the decrease in demand from
non-members comes from relatively low-misfit cost transactions—that is, those shopping in-
stances in which non-members consume when there is no MFS program but do not consume

when there is the MFS program because of the higher retail price under the MFS program.
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Essentially, the implementation of the MFS program in the wholesale model leads to de-
mand substitution between non-members and members while keeping the overall demand
identical to that when there is no MFS program. Specifically, the MFS program replaces
some relatively low-misfit cost transactions by non-members with high-misfit transactions
by members. This demand substitution diminishes the overall social welfare. We verified
that this result holds even if the program administration cost is excluded from consideration,
implying that the MFS program cost is not the driver of the impact of MFS on the social
welfare. Furthermore, this result demonstrates the conventional wisdom that the social wel-
fare is unaffected by the shifting the cost from one player to another does not hold in the
MF'S program context because of the intricate strategic effects of the MFS program.
Interestingly, Proposition (b) suggests that the impact of the MFS program on social
welfare under the agency model can be positive or negative. The positive impact on social
welfare is relatively straightforward to understand. Clearly, demand enhancement resulting
from the MFS program contributes to the positive impact. The enhanced demand improves
social welfare as long as the social cost of satisfying the additional demand, i.e., shipping
cost plus the program administration cost, is small enough. On the other hand, if the social
cost is too high, then the benefit from the demand enhancement effect is offset by the cost
required to satisfy the additional demand. In other words, the additional utility enjoyed by
members from increased demand may not compensate the additional cost incurred by the
retailer (and the society eventually), so society could be hurt in satisfying the additional

demand from the members.

3.8 Model Extensions

In this section, we extend our model in several directions by varying some of our basic

assumptions. The primary purpose of the analysis in this section is to examine the robustness
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of the key results of the main model. Accordingly, we focus only on the MFS program’s

impact on the retailer in this section.

3.8.1 Manufacturer Competition in the Marketplace

In the main model, we consider a context in which one manufacturer sells via the online
retailer. In this extension, we assume there are K manufacturers indexed by ¢ = 1,..., K
(K > 2) in the market selling through the retailer. Each manufacturer sells a product.
These products are competing in the sense, at any shopping instance, consumers evaluate
the net utility offered by each product and buy the product that offers the highest positive
net utility. We adopt a circular model (Salop, [1979) to represent consumers’ preference
towards products that are symmetrically distributed along the unit circle. This setup also
implies that there is a positive cross-side network effect on consumers because an increase in
K reduces the consumers’ misfit costs, ceteris paribus. To capture competition, we assume
that the model parameters are such that the market is fully covered when the valuation is
vp, while the market is not fully covered when the valuation is v;, as in the main modelf—_gl

All other aspects remain identical to those in the main model.

Proposition 14. In the marketplace with K competing manufacturers,
(a) the retailer’s profit gain from implementing the MFS program is higher in the agency

model than the wholesale model, i.e., An§y > Any*;
O(ATE — AmF)
0K

(b) the difference in profit gain increases with K, that is > 0.

Proposition[14fa) demonstrates that the key result of this paper that the value of the MFS

program to the retailer is higher in the agency model than the wholesale model carries over to

12Tf the market is not fully covered in both v, and v; scenarios, there is no competition among the
manufacturers. In that case, this extension reduces to a context with K independent manufacturers, and
consequently the model can be separated into K independent models where each resembles our main model
with one manufacturer.
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the competitive manufacturers setting. Moreover, Proposition (b) reveals that the relative
incentive to implement the MFS program under the agency model (compared to the wholesale
model) increases as the number of competing manufacturers increases. Proposition [14]b)
suggests that a more intense competition in the marketplace (when measured using the
number of competitors) provides more impetus to the retailer to adopt the MFS program
when the retailer uses the agency model as compared to the wholesale model. The main
drivers of the enhanced attractiveness of the MFS program in the competitive manufacturer
setting under the agency model than the wholesale model remain the same as in the main

model.

3.8.2 Membership-Based Price Discrimination

In the main model, we assume consumers pay the same price regardless of their membership
status when the retailer implements the MFS program under both the wholesale model
and the agency model. In reality, the seller (viz., the retailer in the wholesale model and
the manufacturer in the agency model) could charge different prices to members and non-
members, i.e., the seller could price discriminate consumers based on their membership
status. In fact, it has been alleged that Amazon charges its Prime members more than
the non-members for the same product (ConsumerAffairs, 2014). Such practice can be
interpreted as an example of behavior-base price discrimination (BBPD) strategies, which
have been discussed extensively by prior literature (Fudenberg and Tirole, 2000; Choe et al.|
2018; |Chen et al.; 2019). These studies differ in aspects related to nature of the game (static
one short versus dynamic multi-period) and type of price discrimination (third-degree or first-
degree), among others. Moreover, some of these studies also examine the consumer strategies
to avoid loss from discrimination. Our focus is on third-degree price discrimination enabled
purely by the MFS program. In other words, price discrimination in our model would have

not been an issue if the retail platform had not chosen to implement the MFS program.
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Furthermore, in our setting, consumers are not able to use identity management strategies
to prevent being price discriminated (Taylor, 2004; |Villas-Boas|, 2004; Acquisti and Varian,
2005)). More importantly, while the price discrimination literature has largely focused on the
impacts of price discrimination, we focus in this section on the value of the MFS program
under two different pricing models when price discrimination is also a strategic choice of the
retailer.

Ignoring the legality of such price discrimination practices, in this extension, we examine
the case where price discrimination is possible based on MFS program membership status.
When the retailer announces the MFS program, he either credibly commits to no price
discrimination in the future or is unable to do so. The scenario when the retailer credibly
commits to no price discrimination is identical to that considered in our main analysis, ceteris
partbus. If the retailer is unable to make such a commitment, the consumers will rationally
expect sellers to charge different prices to members and non-members and account for such
potential price discrimination while making their participation decision. We keep all model
aspects, except the commitment announcement at the time of announcing the MFS program,

the same as in the main model.

Lemma 7. (a) In the wholesale model, the retailer will commit to no price discrimination
based on consumers’ membership status when he implements the MES program.
(b) In the agency model, the retailer will not always commit to no price discrimination

based on membership status when he implements the MFS program.

The primary driver of the Lemma [7j(a) is that when the retailer is unable to credibly
commit to no price discrimination, he cannot induce any consumer to join the program
under the wholesale model. Clearly, the consumers will rationally expect that the retail
platform will charge a higher price to members than non-members when the retailer cannot

commit. Under the wholesale model, a potential member will expect that the difference in
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prices for members and non-members to be more than the shipping cost. Consequently, every
consumer expects a smaller expected surplus if she becomes a member than if she does not,
even if the membership is offered for free. The inability to attract any consumer into the MFS
program reduces the scenario with the MF'S program to the benchmark scenario of no MFS
program. On the other hand, when the retailer is able to commit to no price discrimination,

the results of the main wholesale model applies. Therefore, under the conditions stated in
vy + Uy

Proposition 1 (i.e., when s < ), the retailer will commit to no price discrimination

and implement the MFS program. When s > vn 0

, the retailer will not implement the
MF'S program and hence the question of commitment would not arise.

In sharp contrast to the wholesale model, it is not always profitable for the retailer to
make the commitment to not to price discriminate under the agency model. Specifically,
the retailer will price discriminate if the profit gain with price discrimination exceeds the
profit gain without price discrimination given. When the shipping cost is not high (i.e., when
the condition given in Lemma [7| holds), the retailer prefers to implement the MF'S program
with commitment of no price discrimination. When the shipping cost is high, the retailer
prefers to implement the MFS program without such a commitment if the MFS program is
profitable. Figure illustrates Lemma [7} In this figure, the retailer implements the MFS
program with no price discrimination when the shipping cost is less than approximately
28, implements the MF'S program with no commitment regarding price discrimination when
the shipping cost is between 28 and 44 (approximately), and does not implement the MFS
program otherwise. Essentially, the ability to price discriminate expands the region where
the retailer prefers to implement the MFS program in the agency model. The higher profit
the retailer can enjoy when it can price discriminate makes the MFS program attractive
even when the shipping cost is high, even though the MFS program may not be profitable
if price discrimination is not possible. On the other hand, even when price discrimination

is possible, it is in the retailer’s best interest to make the commitment to not to price
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discriminate when the shipping cost is low. The reason for this finding is that consumers
do not expect a significant savings in shipping cost (i.e., surplus gain) by joining the MFS
program. Without a commitment from the retail platform to no price discrimination, the
expected surplus gain becomes even smaller. Consequently, the inability to attract many
members into the MFS program when price discrimination is possible makes commitment
(and hence a larger membership base) preferable for the retailer. Lemma [7j(b) reveals that
when shipping cost is low, price discrimination cannot be a significant tool to derive value

from the MFS program under the agency model.
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Figure 3.2: Retailer Profit Gains with Price Discrimination (PD)

and without Price Discrimination (Non-PD) under the Agency Model
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Proposition 15. When the retailer has the ability to commit (or not commit) to price
discrimination based on membership status,

(a) the retailer’s profit gain from implementing the MFS program is higher under the
agency model than under the wholesale model.

(b) the retailer implements the MFS program in a larger region of the parameter space in

the agency model compared to when price discrimination is not possible.

Proposition [15[a) confirms that the key result of the main model holds even when the

retailer has the ability to price discriminate consumers based on membership status. Further-
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more, Proposition (b) reveals that the ability to price discriminate and make appropriate
commitment to that effect makes the MFS even more attractive under the agency model

compared to the wholesale model for the retailer.

3.8.3 Perks in addition to Free Shipping under MF'S

In the main model, we focus on the core element of the MFS program as a shipping cost-
absorption mechanism. In practice, the retailer could offer other perks in addition to free
shipping to induce consumers to join the program. For example, other than two-day free
shipping, Amazon Prime membership offers unlimited streaming of movies and TV shows,
access to ad-free music, and cloud space for photo storage, among others. Hence, a con-
sumer’s program participation decision may be affected by those perks that come with the
membership. In this sub section, we consider the scenario in which the MFS program offers
additional perks besides free shipping. In particular, we assume that a consumer’s valuation
of these perks, denoted as v, during the membership period follows a uniform distribution
with support [0, '], and that it is independent of the consumer’s base product valuation and
location. We normalize the retail platform’s marginal cost to offer these perks to zerol:g]
Furthermore, we assume that the key factor in a consumer’s decision to participate in the
MFS program is the surplus gain from the purchase of products with free shipping rather
than the additional perks of the program. Thus, we assume that even when a consumer
enjoys the maximum value of I" from additional perks, she may not necessarily join the MFS

program.

Proposition 16. When the retailer implements the MFS program with additional perks,
(a) its profit gain is higher under the agency model than under the wholesale model, i.e.,

ATE > AmgT,

13Since most of the perks are information goods, this assumption is reasonable. Alternatively, we can
assume a fixed cost that would be the same under the two business models.
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(b) the difference in profit gain increases with the highest valuation toward additional
O(ATE — Am*)

a0 > 0.

perks, i.e.,

The result shows that when the retailer offers additional perks along with free shipping
in the MFS program, the attractiveness of the program under the agency model relative to
the wholesale model is enhanced. Furthermore, the MFS model becomes more attractive
under the agency model relative to the wholesale model as the (highest) consumer valuation
for these perks increases. Anecdotal observations regarding the Amazon Prime program’s
expanding scope in terms of additional perks seem to be consistent with Proposition (b)
The additional perks could potentially allow Amazon to reap more benefits from the Prime

program because of the strategic effects we have identified in this paper.

3.8.4 Lower Shipping Cost for Retailer compared to Consumers

In the main model, we assume the shipping cost remains the same regardless of who is paying
for it. However, one could argue that the shipping cost incurred by the retailer (under the
MF'S program) could be lower than that incurred by consumers (without the MFS program
or if they are non-members). In reality, Amazon and other large online retailers pre-negotiate
contracts with logistics providers that offer the retailers a discounted shipping cost, which
will be typically lower than the cost charged to consumers. To model such possibility, we
consider the shipping cost incurred by the retailer to be vs instead of s, where v € (0, 1],
for shipping to members under the MFS program. Other aspects remain the same as in the

main model.

Proposition 17. When the retailer incurs discounted shipping cost while implementing the
MFS program, its profit gain under the agency model is higher than the wholesale model, i.e.,

Anyy > Anpr.
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Proposition shows that the retailer’s profit gain from the MFS program is higher
under the agency model than the wholesale model. We find that when the retailer enjoys
a discount on the shipping cost under the MFS program, the MFS program may provide
some demand enhancement even under the wholesale model, unlike the main model where
such demand enhancement because of the MFS program does not exist. This is because the
discounted shipping cost allows the retailer to set a lower retail price when the MFS program
exists than when it does not if the discount is steep enough. As a result, the exacerbated
double-marginalization caused by the MF'S program is alleviated to some extent; however, the
wholesale model still cannot compete with the agency model on demand enhancement, as the
agency model enables the retailer to enjoy the maximum demand enhancement. Therefore,
the agency model remains superior to the wholesale model regarding the value of the MFS

program even in the scenario where the retailer might incur less shipping cost than consumers.

3.9 Conclusion

Membership-based free shipping (MFS) and the shift towards agency model of selling are two
recent innovations in the online retailing context. Using a game theoretic model, we show
that the retailer’s profit gain from the MFS program is higher under the agency model than
the wholesale model. Furthermore, the retailer finds it profitable to implement the MFS
program in a larger region of the parameter space under the agency model than under the
wholesale model. Moreover, our results suggest that consumers as a whole are worse off with
the MF'S program under the wholesale model but they can be better off under agency model.
While the society is always worse off with the MF'S program under the wholesale model, it is
better off with the agency model if the societal cost is not too high. The results demonstrate
that viewing the MFS program as a simple shipping cost transfer mechanism would fail to
uncover the intricate strategic impacts of the program and could lead to incorrect conclusions

about the program’s impacts on various stakeholders.
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The primary implication of our findings is that they posit a potential strategic relationship
between the adoption of the consumer-side MFS program and the shift in the supplier-side
pricing model to agency. The question of whether the growth of the MF'S program is a result
of a shift to the agency model is an empirical question; however, our theoretical analysis
predict a positive relationship between the upstream pricing model and the adoption of
downstream MFS program. The findings also provide a potential explanation for why the
scope of MFS programs such as Amazon Prime has been expanding to include numerous
additional perks. The analysis suggests that these additional perks could serve to enhance the
fundamental strategic MF'S program benefits, related to profit from sale of products rather
than profit from additional perks, derived by a retail platform. While the MFS program
has the additional benefit of enabling the retail platform to price discriminate based on
membership status, we show that it is not always profitable for the retailer to practice price
discrimination. This result is consistent with Amazon’s public announcement to not price
discriminate following the public outcry about instances of price discrimination by Amazon.
Finally, our findings present a potential implication for the future of online retailing. The
complementary relationship between agency model and MF'S program suggests that it is quite
possible that as more online retailers adopt the marketplace or platform model of selling and
allow third-party sellers to sell using their platforms, MFS programs could become more
ubiquitous.

As one of the first studies in MF'S, we focused on the core aspect of MFS in this chapter.
Clearly, the current research can be extended in different directions to provide more compre-
hensive insights into the economics of MFS programs. Clearly, there is a need to empirically
establish if a causal relationship exists between MFS and pricing model strategies adopted
by a dominant retailer and empirically test our theoretical insights. On the modeling side,
one of the key limitations of the current model is that it does not account for features such

as expedited shipping and discount in return for slower shipping to defray the consumers’
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shipping cost. Furthermore, the model and analysis does not consider factors such as net-
work effects and fulfillment mechanisms that could affect the cost and valuation structure.

We leave an examination of these factors to future research.
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CHAPTER 4
MEMBERSHIP-BASED FREE SHIPPING PROGRAMS: A NEW VEHICLE

TO GAIN COMPETITIVE ADVANTAGE FOR ONLINE RETAILERS?
4.1 Introduction

Online retailing is growing three times faster than the overall retail industry (BusinessIn-
sider, 2017). Within online retailing, the platform model of selling in which a retail platform,
serving as a marketplace, offers products from third-party sellers for purchase for a commis-
sion has expanded significantly in recent years (The Marketing Journal, 2017). For example,
about half of the sales of Amazon comes from third-party sellers (Statista, 2017). Other
retailers, such as Walmart, have also adopted the platform model for their online operations.
In the platform model of selling, the traditional marketing mix elements - product, price, pro-
motion, and place, known as 4Ps (McCarthy| 1968) - may not be as useful to online retailers
to gain competitive advantage or achieve differentiation. For instance, under platform sell-
ing, the product and pricing decisions are made by the upstream third-party sellers and thus
not under the control of online retailers. The locational advantages brick-and-mortar retail-
ers may enjoy generally do not exist for online retailers. Any technology-based value-added
services, such as recommender systems, product reviews or seller rating features, and adver-
tising and promotion activities are often easily replicated by competitors, thereby resulting
in no long-term competitive edge and perhaps even more intense competition. Recognizing
the possible limitations of traditional marketing efforts in online platforms, the marketing
community has advocated the need for rethinking the marketing strategies for online retailing
(DigitalTonto, [2013]).

In recent years, online retail platforms have started competing through shipping pro-
grams. Product shipping or delivery is not a major concern for brick-and-mortar firms
(except perhaps for large bulky items) and thus it has not been viewed as a significant ele-

ment for differentiation by these firms. However, shipping is an indispensable part of online
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retailing for all (both large and small) physical products. In online retailing, shipping cost
is the second highest cost component after the product purchase price (Fierce Retail, 2014}
Information Age), 2015)), and the shipping cost plays a pivotal role in consumers’ purchas-
ing decisions and satisfaction (Rosen and Howard, |2000; Sawhney, |1999; [Ernst and Young],
1999; Trocchia and Janda, [2003; |[Janda et al.l 2002; Pyke et al., |2001)). Recognizing the im-
portance of shipping in consumers’ purchase process, online retail platforms have launched
several innovations related to product shipping. One such innovation is membership-based
free shipping (MFS), examples of which include Amazon Prime, Google Express, and Wal-
mart.com’s ShippingPass. Though the specific details such as product eligibility, minimum
purchase amount, delivery mode and speed, and additional membership benefits vary across
MF'S programs, the core feature of these programs is that once a consumer becomes a mem-
ber of the program by paying an upfront membership fee, products are shipped for free to
the member whenever she makes a purchase during the membership period. While the first
such program, Amazon Prime, was launched more than a decade ago in 2005, there has been
little research on the role of these programs in a competitive setting.

In this research, we examine the impact of MFS-based competition between online retail
platforms and seek to answer two important but related research questions:

(1) Does the adoption of MFS program mitigate or intensify online retail platform com-
petition?

(2) Does competition encourage the adoption of the MFS program by online retail plat-
forms?

To address the above questions, we develop a game-theoretic model in which two retail
platforms sell (imperfectly) substitutable products from a manufacturer. We examine the
equilibrium outcomes when only one or both platforms offer an MFS program. Using the
scenario with no MFS program as the benchmark, we evaluate the MFS program’s impact

on competition between retailers and whether competition encourages or suppresses the

adoption of MF'S.
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We show that the shipping cost plays a critical role in determining the impact of MFS
under retail competition. When the shipping cost is high, neither retail platform has an
incentive to adopt MFS. When the shipping cost is moderate, one of the platforms adopts
MEFS but the other one does not. In this asymmetric adoption equilibrium, the platform
that does not adopt MFS is worse off and the platform that adopts the MFS is better
off compared to the benchmark case where neither adopts the MFS program. When the
shipping cost is low, both platforms adopt MFS in the equilibrium. However, the platforms
are not necessarily better off when they implement MFS compared to the benchmark case.
In particular, when the shipping cost is not too low, both platforms are hurt when they
adopt MFS than when they do not, akin to the prisoners’ dilemma situation. We identify
price increasing, purchase enhancing, and market expansion effects of the MFS program for
the implementing retailer as primary drivers for our findings.

Furthermore, we show that competing retailers indeed have a higher incentive to adopt
MFS than a monopoly retailer. The result is particularly interesting because a monopolist
retailer will never adopt MF'S if it is not profitable to him, but competing retailers sometimes
adopt MF'S even if it hurts them. The findings suggest that shipping programs can indeed

be a new vehicle for online retailer platforms to compete with each other.

4.2 Related Literature

This study is directly related to the recent but limited literature on free shipping programs.
Tan et al. (2015) compare two variants of free shipping programs - (i) free shipping with
a minimum order quantity, and (ii) free and expedited shipping with membership - for a
monopolistic retailer. They show that expedited free shipping with membership benefits the
retailer when the value of expedited shipping to consumers (e.g., savings in holding cost) is
sufficiently high, but the program hurts the society. [Sun et al.| (2017) examine the impact

of MFS on sellers, consumers, and the society by comparing the outcomes in the scenario
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where a monopolistic retail platform implements the MFS program to those in a scenario
where the platform does not implement the MFS program. Related to our study, Wen and
Lin| (2017) study the impact of a MFS program in a competitive setting in which one of
two competing retailers adopts the program. They show that the MFS program benefits
both retailers by softening the price competition between them. This study considers a
single-level channel structure—one without upstream sellers—in which online retailers set
the retail prices. In contrast, we consider online retailers that rely on the platform model of
selling and therefore allow third-party sellers to set their own retail prices. In that sense, we
are interested in isolating MFS’s role (by eliminating price competition between retailers)
in shaping competition between retailers. Moreover, we allow the purchase frequency to be
not only heterogeneous across consumers but also endogenous in our setup. Consequently,
we show that free shipping could influence consumers’ demand in various ways, which plays
a key role in determining the impact of an MFS program on competition, and the impact
that competition has on the decision to offer an MFS program.

Our work is also related to the vast literature that examines competition in a two-
level channel structure. Some studies in this research stream approach the issue from a
manufacturer’s perspective and focus on the upstream competition. For instance, |(Choi
(1991)) analyzes a channel structure with two competing manufacturers and one intermediary
that carries products from both manufactures and shows that the form of demand function
is a critical driver of the results. |Li et al.| (2010) investigate the sourcing strategy of a retailer
and the pricing strategies of two suppliers in a supply chain. In contrast, other studies have
examined competition between downstream retailers, especially in the context of channel
coordination. For example, Yao et al. (2008) investigate the role that revenue-sharing plays
in coordinating a supply chain consisting of one manufacturer and two competing retailers
and show that a contract of this type achieves a better performance than wholesale prices

alone. Zhao et al.| (2012) develop various pricing models based on different market structures

99



of substitutable products in a supply chain with one manufacturer and two competitive
retailers in the presence of uncertainties regarding consumer demand and manufacturing
costs. [Kong et al.[(2013]) examine how revenue-sharing can facilitate information sharing and
mitigate the negative effects of information leakage in a channel structure where one upstream
supplier serves two competing retailers. Although our paper appears to share similarities
with these studies, especially in terms of channel structure with a single manufacturer and
two downstream retailers, the research problem we address is fundamentally different from
the ones addressed in prior research. In particular, the majority of previous studies consider
either price competition or quantity competition between downstream retailers, while we
posit the MFS program provides a new approach for retailers to compete with each other
under the platform selling business model under which retailer functions are quite different

from those in the traditional markets.

4.3 Model

We consider a dominant manufacturer M that sells two variants of a product, each through
a different online retailer. The retailers adopt the platform model to sell the products, under
which the manufacturer sells its products directly to consumers on the retailers’ platforms,
and the retailers charge a commission equal to « fraction of the sale price. There are n
potential consumers in the market. We consider a time period that consists of N discrete
shopping instances. For example, the time period could be a year and each day in the year
could be a shopping instance such that the time period has 365 shopping instances. For any
consumer, if a consumption need arises at a shopping instance, she visits the marketplace,
essentially the retail platforms, to shop for a product that could possibly satisfy her need.
A consumer may not face a consumption need, and hence may not shop, in every shopping
instance. Furthermore, even when she faces a consumption need, the intensity of the need

and her preference can be different in different shopping instances in the sense that she may
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not assign the same valuation or the same preference for the product offerings from the two
retailers at different shopping instances. |I| When she visits the marketplace, a consumer
either buys the product that offers the maximum positive surplus, or does not buy any
product. The consumer will choose the second option if no product offers a positive surplus
to her. In that case, a consumer does not make any purchase even if she shops. In addition,
there is a cost associated with shipping the product to the consumer if she buys. A consumer
buys a maximum of one unit of one product in a shopping instance. The fixed and marginal
production costs are assumed to be zero for both products. In our setup, online platforms
focus on value-added services such as those related to consumer convenience rather than
traditional selling-related services such as pricing.

Consumer Utility and Consumer Segments. Consumers are heterogeneous in their
shopping frequency in the sense that some consumers experience a need for shopping and
therefore visit retailer platforms more frequently during the time period we consider. We
assume o fraction of consumers are infrequent shoppers and the probability that an infrequent
shopper visits the retailers in any shopping instance is ;. The rest (1 — o) fraction of the
consumer population are frequent shoppers with the corresponding probability of visiting the
retailers at any shopping instance being v,, where v; < ;.

The consumer utility for a product at a shopping instance depends on her base valuation,
which represents the value she derives from an ideal product that meets her need perfectly,
and the misfit cost if the offering does not meet her need perfectly at that instance. A

consumer’s base valuation and misfit cost can vary across shopping instances. We assume a

IThere are many reasons that consumers’ perceived valuation toward products from the same manufac-
turer sold through different outlets can be different. First, the manufacturer may create different model
numbers for different distributing channels for various purposes such as tracking, production improvement,
quality differentiation, and avoiding price-matching (TODAY], 2013} |Quoral, [2017)). Second, the retailers may
carry private label products that are manufactured by the third-party manufacturer and sold under each
retailer’s brand name (The PENNY HOARDER, |2015; (Orderhive, [2017). Lastly, online platforms focus on
value-added services rather than selling products alone, given that industry experts have argued the benefit
of selling on value rather than price (Inc., [2011; (CXL)} 2017). Therefore, even very similar products sold on
different platforms can be perceived dramatically different due to ways of offering.
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consumer’s base valuation at a shopping instance is low, v;, with probability #, or high, vy,
with probability (1 — 6), where v; < vy,. H To model consumer’s misfit cost, we assume that
the two product offerings are imperfect substitutes. We denote the two product offerings
as A and B. We use a typical horizontal product differentiation model for the misfit cost.
In particular, we assume that products A and B are located at positions 0 and 1 of a unit
line (i.e., at the two ends of the line), respectively. Since product offerings A and B can be
different at each shopping instance, a consumer’s location at any shopping instance is equally
likely to be any point along the line. That is, the consumer location can vary across shopping
instances. The distance between a consumer and a product offering measures the degree of
misfit of the product offering to the consumer. Notice that when the degree of misfit between
a consumer and product offering A is A, A € [0, 1], the degree of misfit between the consumer
and product offering B is (1 — A). The misfit cost is the degree of misfit times a unit misfit
cost t.

The cost to ship the product to the consumer at any shopping instance during the period
is s, regardless of who pays for it. This is reasonable in a context where the shipping is
done by an independent logistics provider. We examine this context in order to eliminate
the impacts of other factors, such as differential shipping costs among platforms or strategic
seller gaming behavior related to setting the shipping fee. We consider two scenarios that
differ with respect to who bears the shipping cost. In the scenario in which none of the
consumers joins the MFS program, they incur the shipping cost. In the scenario in which
some consumers join the MFS program, the retailer bears the cost to ship products to

members, but non-members bear the shipping cost themselves. Thus, for any shopping

2Consumers can potentially shop for different products at different shopping instances. For mathematical
convenience and expositional clarity, we assume that base valuation distribution for each product is the same.
However, the realized base valuation of a consumer can be different at each shopping instance. Moreover,
the presence of correlation between the consumer type and base valuation, such as a frequent shopper having
a higher probability of having valuation v, compared to an infrequent shopper, does not change our results
qualitatively.
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instance, we can formulate the net utility derived by a consumer, when she has a base
valuation v, is located at A, and bears the shipping cost, from product offerings A and B as

follows:

Ups= v—AXM—5—pys. (4.1)

Up= v— (L= At —s—ps. (4.2)

where p4 and pp respectively denote the the prices of A and B in the shopping instance.
Clearly, if the retailer bears the shipping cost for the consumer, then the shipping cost term
will not be part of the net utility expressions given in and

We assume that a consumer knows her base valuation and her location on the Hotelling
line before making the purchase decision if she visits the marketplace. The sellers do not
know whether a specific consumer will visit the marketplace at a specific instance, her base
valuation nor the consumer’s location. However, they know the consumers’ shopping fre-
quency distribution, base valuation distribution, and location distribution.

Timing of the Game. The game sequence depends on whether a retailer offers the
MFS program. If no retailer offers the MF'S program, the manufacturer sets the retail prices
pa and pp simultaneously at the beginning of each shopping instance (stage 1). Then,
consumers that face a consumption need in the shopping instance visit the marketplace and
make their purchase decisions, and all parties realize their payoffs (stage 2). The sequence
of events when a retailer offers the MFS program has two additional stages that precede the
stages present in the scenario without the free shipping program. In the first of these two
preceding stages, the retailer announces a membership fee M at the beginning of the period
and commits to bearing the member’s shipping cost for all shopping instances during the
period. In the following stage, consumers decide whether to participate in the MF'S program

by paying the membership fee at the beginning of the period.

103



4.4 Analysis of the MFS program

We first derive the sub game perfect equilibrium when there is no MFS program in place,
followed by the sub game perfect equilibrium when one or both retailers implement the MFS
program. We then compare the key quantities under the two equilibria to assess the impact

of the MFS program.

4.4.1 No MFS (Benchmark Case)

When a consumer visits the marketplace, has a base valuation v, and is located at A, she
will buy product offering A if Uy > Up and will buy product offering B otherwise. We
use the superscript bc to indicate the the benchmark case. Thus, using Equation 4.1, we
can verify that she will buy A if A < 24 4nd B otherwise. On the other hand, if the

2t

same consumer has a base valuation v; at that shopping instance, then she will buy A if

A< U hyy Bf A > 222 and will not b duct otherwi
—F —,buy L1 A> +—, and will not buy any product otherwise.
In stage 1 of the game, the manufacturer chooses retail prices to maximize its expected

profit by solving the following model:

be be be
. vV — Py — S t—p% +0p .
arg max whe = (09 + (1 — o)) (0——2— + (1 — ) ——=—L)p(1 — o)
PYe,phs t o2t

U—bc—S t — bc+ be
o+ (1= 0)y) (02 + (1= 6) 2 —A)pli(1 — a)
(4.3)

In Equation 4.3} (0, + (1 — 0)7s) denotes the expected number of consumers looking
to buy a product at a shopping instance, and (9% + (1 - 9)%) denotes the
expected demand for product offering A from a consumer that is looking to buy. The
multiplication of these two expressions yields the expected demand for product offering A in

any shopping instance. An analogous explanation holds for product offering B. By solving

the manufacturer’s maximization problem, we obtain the optimal retail prices.
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The equilibrium profit for each of the retailers is a fraction of the total sale revenue
generated on its platform. Therefore, we can formulate the retailers’ expected profits as
follows:

be be be
. U —Dpx— S t—px+p .
WZ::(0%+%1—%ﬂwﬁw———fL——+(1—9%——f§——5m%a-

be be be
v —pg — S t—pg+0p
W%: (U”Yz-ir(l—a)”Yh)(e—tB +(1—9)—§t A)P%Ca

Substituting the equilibrium retail prices into the expected profit expressions, we ob-
tain the equilibrium profits for the manufacturer and retailers. We present the equilibrium

strategies and highlight the key equilibrium outcomes in the following lemma.

Lemma 8. The equilibrium retail prices and demand for each retailer in the absence of the
MFS program are as follows.

(a)Retail Prices:
t(1 —0)+20(v, — s)

(b)Demand for Retailers:
Dl — Dl — (t(1 = 0) + 20(u — 5))((1 = o)y + o) (4.5)

4t

Using Lemma , we derive the equilibrium manufacturer profit (7%*) and retailer profits
(mber, 7%*). We observe from Lemma [8] that an increase in shipping cost s reduces the retail
prices because demand for each retailer decreases in s. Consequently, the manufacturer’s
and retailers’ profits decrease in s.

Next, we characterize the equilibrium outcomes under the two configurations of platform

competition: asymmetric implementation—only one of the retailers implements the MFS

program and symmetric implementation—both retailers implement the MFS program.
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4.4.2 MFS Program under Asymmetric Implementation

In this section, we analyze the case where only one of the platforms implements the MFS
program (labeled with superscript ac). Without loss of generality, we assume retailer A offers
the MFS program. In the last stage of the game, a consumer’s purchase decision depends
on her membership status. That is, the decision of a member of the MFS program can vary
from that of a non-member because a member does not bear the shipping cost whereas a

non-member does. A non-member’s purchase decision rule remains the same as that under

t—pac - pac X
ZPATPE and B otherwise when

the benchmark scenario. Specifically, she will buy A if \ < o

her base valuation is vy,; and when the base valuation is v;, she will buy A if A < %%_S,
buy B if A > %%LS, and will not buy any product otherwise. On the other hand, if the

: . . t+5—poC4pae .
consumer is a member, she will buy A if A < % and B otherwise when the base

valuation is vp; and when the base valuation is v, she will buy A if A < %, buy B if

v —p¥—s
>\> 1—Pp

£—, and will not buy any product otherwise.

The expected manufacturer profit depends on the size and the composition of the mem-
bership base. There can be only two membership equilibria when at least some consumers
join the MFS program: (i) only frequent shoppers sign up as members, or (ii) both frequent
and infrequent shoppers sign up as members. Note that only infrequent shoppers joining the
program is not possible because if an infrequent shopper finds it beneficial to join the MFS
program, a frequent shopper will also find it beneficial. We focus on the first equilibrium as
it provides the outcome consistent with our observation that not every consumer joins the

MFS program. Therefore, we can formulate the expected manufacturer profit as:

— nac _ t— ac ac
e e ) e e
U_pac t+s_pac+pac e
(1= (0= 4+ (1= ) A1 - )

v —DpE — S

t — ac+ ac
Hom(O—EE =2 4 (1 - g)~—FE TP

U_pac_s t_S_pac+pac e
H(1 = o) m(——F—— + (1 = ) ——— F—))p(1 — a) .
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By solving the manufacturer’s maximization problem, we obtain the optimal retail prices
under the MFS program.

The retailers’ expected profits are formulated as follows:

e = 0’71(9—2}[ — p}c — + (1 — 9)—t — pi;t-i- p%c)p‘ifa

(1= o) 0V PE | g LS TP PR ac oy 4 appee
w = (e EE=S g (1 g B LI

1= a0 2= 4 (1 - ) I

In the preceding stage, a consumer will join the membership program only if her expected
(future) surplus gain by participating is not less than the membership fee, M. Therefore,
each consumer forms a rational expectation regarding the retail prices she is going to face
when she participates in the MF'S program and when she does not, and makes her participa-
tion decision based on the expected surplus gain from participation. Retailer A will set the
membership fee that is just equal to the difference between a frequent shopper’s expected
surplus with the membership and without the membership; any fee less than this amount
only reduces the retailer’s profit without affecting consumers’ participation decisions and any
fee higher than this amount will result in no one joining the program. Note that an infre-
quent shopper will not find it valuable to join the program at this fee because her expected
surplus gain is strictly less than that of a frequent shopper. For any frequent shopper, the

expected surplus with the membership can be calculated as:

Ta( t (O(vr — p% — M) + (1 — 0) (v, — p% — A))dA
. (= 0) (o = pi = At)dA
+/ (O(v; — p% — Xt — 5) + (1 — 0) (v, — p% — At — 5))dA
e
A A (1 =0)(on —plg — At —s)dA) .
S
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The expected surplus for the same consumer without the membership can be calculated as:

I
Vi ( t (v, — poe — M — 5) + (1 — 0) (v, — p% — At — s))dA
T e (1= 0)(vn — plif — At — 5)dA
+ (B(v; — p% — Mt — 8) + (1 — 0)(vp, — p% — At — 5))dA
e, O =i = At —s)dA)

L

t

Taking the difference of the above two expressions, and substituting the equilibrium
prices, we can get the expected surplus gain for a frequent shopper, as well as the equilibrium

membership fee M.

Lemma 9. If one of the retailers implements the MFS program, the equilibrium membership

fee, retail prices and demand for each retailer are as follows:

(a)Membership Fee:

sy (L —o)(t(1 — 0) 4+ 20(v; — $))yn + o((t + s)(1 — 0) + 20v;)) '

Mac* —
A 4t(1 — o)y, + 4toy

(b)Retail Prices:

t(1—6)+20(v, — s) N s(1— o)y

A= 10 (1 — o)yn + 207 (4.6)
e = 10=0) z;e(vl —s) (47
(b)Demands
paes — (1—0o)((t+s)(1—0)+ 291)1)47: +o(t(1—0) +20(v — s))n ‘ (4.8)
D — (1—0)(t—s5—0(t+s)+20v)y, +o(t(l —0) +20(v, — s))v ' (4.9)

4t
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ac*

Using Lemma [ we also derive the equilibrium manufacturer profit (7$*) and retailer

acx acx

profits (7%*, 7%*). By comparing Lemma [§] with Lemma [0 we identify some interesting
similarities and differences between the equilibrium in which one of the retailers implements
the MFS program and the one in which neither implements the program. Similar to Lemmalg]
an increase in shipping cost s reduces retail prices in both equilibria because the manufacturer
will expect a decrease in the overall demand. Note that although the demand for retailer B
decreases with the shipping cost, the demand for retailer A does not necessarily follow the
same pattern. This is because frequent shoppers, as they join the MFS program, do not pay
the shipping cost. Higher shipping cost results in higher potential savings for the members,
and therefore the demand from this consumer segment can increase with the shipping cost.
Meanwhile, asymmetric implementation gives retailer A an advantage over retailer B in the
competition for frequent shoppers as members, which eventually leads to potential increase

of demand for retailer A. Finally, the membership fee is increasing in s as the surplus gain

of join the MFS program clearly increases when shipping cost increases.

Proposition 18. In the case of asymmetric implementation, retailer B’s profit is lower with

ack bex

the MFS program than without, i.e., 7%* < 7§*; however, retailer A’s profit is higher with

ack bex

the MFS program than without, i.e., w5 > 7", if and only if s <3¢ where

a(1+30)(t(1 — 0) + 20v)((1 — o)y + on)
40146+ af)(1 — o)y, +20(2 + o + 20 + 3ab)oy,

(4.10)

Proposition (18 reveals that the MFS program in the case of asymmetric implementation
can benefit the implementing retailer, but always hurts the other retailer. To understand why
retailer B is worse off under such circumstance, we look at how the MFS program impacts
the factors that are directly related to its profitability—price and demand. On one hand, we
find that the implementation of MFS program by retailer A does not affect the price for
retailer B, although it increases the price for retailer A. This finding is interesting because

intuitively a price increase on one platform should motivate the manufacturer to increase
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price on the other platform as well. The intuition turns out to be incorrect. The price increase
on platform A is to be expected because the MFS program reduces the overall shipping cost
burden borne by members on this platform, and this increases the potential demand and
thus allows the manufacturer to charge a higher price for consumers on the implementing
platform, compared to the benchmark case. However, without the MF'S program, the optimal
price on the other platform remains the same as in the benchmark case because the costs to
buy from this platform remain the same for consumers in the benchmark and asymmetric
implementation cases. Yet, the overall demand for retailer B decreases when A implements
the MFS program. This finding is also counter-intuitive, given the fact that the price in
retailer B remains the same. To understand why it is the case, we look at the demand
for retailer B from the two consumer segments separately. The non-members buy more

frequently from retailer B because the price in retailer B is lower than that in retailer A,

aAcC* ac*

ie., p%* > pE*. Therefore, retailer B’s demand from infrequent shoppers as non-members
increases compared to the benchmark case. In contrast, frequent shoppers, as members of
retailer A’s MFS program, buy more frequently from retailer A. This is because, although the

product price in retailer B is lower, the frequent shoppers’ overall purchase cost including the

shipping cost they have to pay is lower when they purchase from retailer A than from B, i.e.,

acC* ac*

p%* < p%*+s. Therefore, retailer B’s demand from frequent shoppers as members decreases.

Collectively, the negative effect from the frequent shopper segment dominates the positive
effect from the infrequent shopper segment, leading to a decrease in the overall demand for
retailer B. As a consequence, retailer B’s profit goes down when retailer A implements the
MF'S program. In effect, a reduced demand with no change in price (or commission) results
in a lower profit for retailer B when retailer A implements the MFS program, compared to
when neither implements the program.

We decompose retailer A’s profit in the case of asymmetric implementation of MFS pro-

gram into three components: retailer A’s commission revenue from sales (CR) which equals
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demand times profit margin, where profit margin is defined as retail price times commis-
sion rate; membership fee paid by subscribing consumers (MF'); and absorbed shipping cost
(SC). We note that in the absence of the MFS program, retailer A’s profit comprises of CR
only, which is equal to 7%*.

By comparing Equations [4.6] with we find that the price in retailer A is higher under
the MFS program compared to the benchmark. Essentially, the MFS program allows a
higher price to be charged on the platform of retailer A. We denote this impact of MF'S on

the retail price as the price increasing effect. The magnitude of the price increasing effect

under the MFS program can be calculated as:

1— o)y
A abcx __ pacx _ bex S( )
P T TR T = )+ o)

By comparing Equations with [£.5] we find that the overall demand for retailer A is
higher under the MFS program compared to the benchmark. We quantify the two factors
contributing to this effect under the two valuation scenarios separately. First, in the low
valuation scenario (v;), frequent shoppers as members tend to buy more with the MFS
program, because the magnitude of price increase is only a fraction of their savings in shipping
cost, resulting in a net reduction in their overall purchase cost from retailer A. In contrast,
infrequent shoppers as non-members face a higher price to buy from retailer A and thus
purchase less accordingly. Although the MFS program has opposite effects on the purchasing
frequencies from members and non-members when their valuation is low, its impact on the
overall purchase frequency is positive. Essentially, consumers as a whole buy more in the
presence of the MFS program than in its absence. We denote this impact of MFS on the

overall purchasing frequency as the purchase enhancing effect, which can be calculates as

follows:
v — pac* | — pac* — 3
(1 =) " 4 toy ? )
bex bes
1 — Py — S 1 — P S 39(1—0)%
(1 - oA A= Sy = T
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Second, in the high valuation scenario (vy,), frequent shoppers as members buy more from
retailer A than from retailer B, because their overall purchase cost is lower when they buy
from retailer A, i.e., p%™* < p%* + s. On the contrary, infrequent shoppers as non-members
become more likely to buy from retailer B than from retailer A, as their purchase cost is

ac* ac*

lower from retailer B, i.e., p%™* > p%*. Thus, because of the MFS program, retailer A gains
some market share from the frequent shopper consumer segment, but loses some market
share from the infrequent shopper consumer segment. However, the impact of the MFS
program on retailer A’s overall market share is actually positive. In other words, consumers
shift their purchases toward retailer A in the high valuation market segment in the presence

of the MFS program. We denote this impact of MFS program on the market shift as the

market expanding effect, and its magnitude can be calculated as follows:

t+S_ ac*+ ac* t_ ac* + acx
(1 = o)y P gy P

t_pbc*+pbc* t_pbc*+pbc* s(1—6)(1—o
(1= o)A s UTPA TPE g gy (=01 =)m

2t 2t 4t

Both the purchase enhancing effect and the market expanding effect contribute positively
to the demand for retailer A. Together with the price increasing effect mentioned above, CR
is higher under the MFS program compared to the benchmark.

In addition, retailer A also enjoys revenue in the form of membership fee, MF, when it
implements the MFS program, but the gain from MF comes at the expense of shipping cost,
SC. Further analysis on the relationship between MF and SC shows that under the MFS
program, for retailer A, the revenue earned from membership fee is less than the shipping
cost burden; that is, M F{* < SCY*. This interesting result reveals that retailer A ends up
subsidizing the members’ shipping cost by charging a membership fee that is less than the
expected cost of shipping to each member.

Combining the effects of the MFS program on the various components that make up

retailer A’s profit, we find that the MFS program benefits retailer A only when the increase
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in commission revenue, C R%* — 7%¢* | compensates the subsidy in shipping cost to members,

SCY* — M F4. Further analysis shows the following dynamics:

O(C R — mher) a(l+360)(1 —o)(t(
0s 16t0

- S .

O(SCY" = MFg™) _ (1+0)(1—a)m

0s 2t

First we note that the MFS program has no effect if the shipping is free, i.e., s = 0.
When shipping is not free, we can readily observe from the above equations that the shipping
subsidy offered by retailer A is increasing in s in a convex fashion. On the other hand, the
benefit from the program in the form of increased commission revenue is increasing in s in a
concave fashion. Therefore, there exists a shipping cost at which retailer A’s profit gain from
the MFS program reaches its maximum and starts to decline thereafter. Eventually, when
the shipping cost exceeds the threshold value specified in Proposition the burden from
shipping subsidy outweighs the increased commission revenue, and then makes it unprofitable

for retailer A to implement such a program.

4.4.3 MFS Program under Symmetric Implementation

In this sub section, we analyze the case where both platforms implement the MFS program
(labeled with superscript sc). Similar to the previous case, in the last stage of the game, a
consumer’s purchase decision depends on her membership status. A non-member’s purchase
decision rule remains the same as that under the benchmark scenario. Specifically, she will
buy A if A < % and B otherwise when her base valuation is v; and when the base
valuation is v;, she will buy A if A < %ﬁf*s, buy B if A > wi, and will not buy
any product otherwise. On the other hand, if the consumer is a member, she will buy A if

A < ERAtPE

o and B otherwise when the base valuation is vy; and when the base valuation is

vy, she will buy A if A < U’_t—pi‘c, buy B if A > Ul_t—p%c, and will not buy any product otherwise.
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Analogous to the asymmetric implementation case, we can write the expected manufac-

turer profit under the symmetric implementation case as:

mio = (om(@ AT (1)L PAtPE
t
v _psc t_psc _|_psc o
H(1 = om0 (1 )P B et )
— nS¢ _ t— sc S
Hom(@ U EE=2 4 (11— )BT,
) _psc t_psc _'_psc w
H(1— o0 4 (1 - ) PE LA et — )

By solving the manufacturer’s maximization problem, we obtain the optimal retail prices
under the MFS program.

The retailer’s expected profits are formulated as follows:

e = oY S (1- 9)75 — P +pf§>pf46a

(1= )@ (1) LA PR ey 4 MFy
wi = om0 TE 0 4 (1) B

+(1 = o)y (0= — B +(1- 0)%)(1)‘;& —s)+ MF} .

In the preceding stage, a consumer will join a membership program only if her expected
future) surplus gain by participating in it is not less than the membership fee, M5 or M.
( plus gain by participating p fee, M B

For any frequent shopper, the expected surplus with the membership can be calculated as:

v —p%
i ( (O(v, — p5t — M) + (1 — 0) (v, — PS¢ — At))dA
t—pfigt-ﬁ-p}?gc
+ (T =0)(vn — p — At)dA
v =Py

+/ (0(vi — pi5 — At) + (1 = 0)(vn — pi5 — At))dA

45 —pE
2t

+ (1 =0)(vn, — pi5 — A)dA) .

vl—psBc
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The expected surplus for the same consumer without the membership can be calculated as:

'Ul*pchfs
T (O(ve — Pk = M —s) + (1 = 0) (v — pi¥ — At — s))dA
I ey
2t
+ (1 —=0)(vp, — p5f — A\t — s)dA
'ulfp‘jffs
vrtpt%c
+ (0(v — p — At) + (1 = 0)(vn — pig — At))dA
(2+s+pff7p‘§3
2t
+ . (1 —=0)(vp, — p5§ — At)d\) .

Taking the difference of the above two expressions, and substituting the equilibrium
prices, we can get the expected surplus gain for a frequent shopper by joining retailer A’s
MFS program, as well as its equilibrium membership fee M5, as in the asymmetric imple-
mentation case. The derivation of retailer B’s equilibrium membership fee MZ* follows a

similar approach.

Lemma 10. If both retailers implement the MFS program, the equilibrium membership fee,

retail prices and demand for each retailer are as follows:
(a)Membership Fee:

sy(1—o)(t —s—0(t+ s) + 20v)v, + o((t — s)(1 — 6) + 20v)7) ‘

Msex — )fsex —
. N 4((1 = o)yn +om)

(b)Retail Prices:

t(1—0)+20(v, — s) N s(1 =)

SC* — SC* — . 4‘11
Pa-=Ps 40 2(1 — o)y, + 207y (4.11)
(b)Demands for Retailers:
Do pre — (L= 0)E0L=0) £ 200 + 0t =0) T W=D (4,
A =Vp = : .

4t

Using Lemma 10| we derive the equilibrium manufacturer profit (735*) and retailer profit

( SC* sc*)

w5, ). It is intuitive that an increase in the shipping cost s reduces the equilibrium
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retail prices because the manufacturer will expect a smaller overall demand. Because of the
symmetry between the retailers, demand for each retailer decreases with an increase in the
shipping cost. Lastly, the membership fee increases in s as the loss in surplus a frequent
shopper will have to incur if she does not join either program will increase with shipping

cost.

Proposition 19. In the case of symmetric implementation, retailer A and B’s profits are
higher with the MFES program than without, i.e., w5 > 75" and w3* > 7%*, if and only if

s < §° where
o _ a(t(l —60) +20v)((1 — o)y + om)
1+0+ad)(1—o)y+ (1+0+2ab)oy

A comparison of Proposition [18 and Proposition [19| shows that the impact of the MFS
program on the implementing retailer’s profit is qualitatively similar in the case of asym-
metric implementation and in the case of symmetric implementation. An examination of
the impact of MF'S model in the two cases reveals that while some of the underlying drivers
of the MFS program’s impact are same, there are also important differences between the
two cases. First, we note that retailer B, when it also implements the MFS program, can
benefit from it as well. Both the retail price and demand for retailer B are higher compared
to the benchmark scenario, which results in a net increase in its commission revenue. By
the logic of Proposition 1, we know that when the shipping cost is not too high so that the
shipping subsidy burden can be offset by the increased commission revenue, each retailer can
be better off in the presence of MFS than in its absence if they both choose to implement
the program.

By comparing Equations and [4.4] we find that the retail prices are higher under the
MF'S program compared to the benchmark. Therefore, the price increasing effect identified

previously is still present in this case, and its magnitude can be calculated as follows:

s(1 = o)y,
Ap§bc* — pfc* _ p?c* — .
2((1 = o)y + o)

()
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As discussed above, retailer A’s overall demand is also higher than the benchmark sce-
nario; and the driving forces are the exactly the same as those in the case of asymmetric
implementation. Thus, we can quantify the two contributing factors to the demand increase
under both market scenarios. On one hand, in the low valuation scenario (v;), frequent
shoppers as members buy more with the MFS program, because the magnitude of price in-
crease is only a fraction of their savings in shipping cost, resulting in a net reduction in their
overall purchase cost from both retailers. In contrast, infrequent shoppers as non-members
face a higher price to buy from each retailer and thus purchase less frequently. Nevertheless,
the MFS program’s impact on the overall purchase frequency in the low valuation scenario
is positive, so the purchase enhancing effect remains to be effective. Its magnitude can be

calculated as follows:

SC* SC*

vy —D U —DP4y — S
(1= o)y A 4 g LA 25
bex bex
v —pyt—s v — P — s s0(1 —o
—((1 = o)yypp—2— S+ S —— ) = 91 - i

On the other hand, in the high valuation scenario (vy), because both retailers implement
the MF'S program and the manufacturer charges the same equilibrium retail price, no retailer
has an advantage over the other in attracting consumers, regardless of their membership
status. In that case, both frequent shoppers and infrequent shoppers are evenly split between
the two retail platforms, as in the benchmark case. As a result, the market expanding effect

is absent in the symmetric implementation case.

4.5 Competition via MFS program

In the previous sections, we analyzed the equilibrium outcomes under two cases—asymmetric
implementation and symmetric implementation. To understand how retailing platforms
compete with each other through the MFS program, in this section, we add a preceding

stage to the game in which the two retailers decide whether or not to implement the MFS
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program simultaneously. Denote the strategy of implementing the MFS program as M and
the strategy of not implementing the MFS program as N, there could be three possible
combinations—NN, MN, and MME| Figure depicts these strategies. Based on these
strategies, we derive which combination will be observed in the equilibrium given the values

of parameters.

Retailer B
NO MFS MFS
Nowmrs| mhetmber | mpt, mge
Retailer A m@
MFS HEC*, ngc* njc*, TIEC*

Figure 4.1: Strategy Matrix

Proposition 20. If the two retailers choose whether or not to implement the MFS program
at the beginning of the game simultaneously, the equilibrium is (1) NN if and only if s > 3°;
(2) MN if and only if s° < s < 3% (8) MM if and only if s < s¢, where

a(l+30)(t(1 —0) + 20u)((1 — o)y + ov)
224+ )01+ 0)(1 — o)y +20(2 + a + 20 4 3ab)oy,

Cc

Proposition 20| characterizes the equilibria under different conditions. First, we find that
when shipping cost s is high, neither retailer would implement the MFS program, because
the shipping subsidy burden far more outweighs the increase in the commission revenue,
consistent with Proposition [I§ Second, when shipping cost is at intermediate levels, only

one of the retailers implements the MFS program. This is because the market expansion

3Retailer A’s strategy is on the left and retailer B’s strategy is on the right; NM is the same as MN due
to symmetry.
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effect—a key factor contributing to the profitability of the MFS program—is present only
in the asymmetric implementation case but is absent in the symmetric implementation case.
Consequently, the MFS program tends to be less profitable to a retailer if its competitor
chooses to implement such a program as well. Lastly, both retailers choose to implement the
MFS program if shipping cost is low, as implementing the MFS program for each platform
is a dominant strategy regardless of the other retailer’s decision. Hence, a low shipping cost

tends to encourage more retailers to compete in the realm of MFS.

Proposition 21. Suppose MM 1is the equilibrium, the two retailers are both better off with
the MFS program than without if an only if s < §°; otherwise, if 3¢ < s < s, i.e., although
implementing the MFS program is a dominant strategqy for both retailers, they may end up

being worse off compared to the benchmark scenario.

The result from Proposition [21] is particularly interesting given the possible equilibrium
outcomes we have discussed above. Proposition [20] implies that when shipping cost is low,
both retailers choose to implement the MFS program. Their profits, however, are not nec-
essarily positively affected by the implementation of MFS. Specifically, only when shipping
cost is low enough, the retailers are better off with MFS than without MF'S; otherwise, both
of them end up losing compared with the benchmark scenario. This is because though the
retailer who implements the MF'S in the asymmetric case can benefit from the market ex-
panding effect, in addition to the price increasing effect and purchase enhancing effect, the
market expanding effect itself is essentially a double-edged sword. In the scenario in which
valuations are high (vy), the shift of market share is a zero-sum game, that is, the gain of
one retailer comes at the loss of the other retailer. In that case, while retailer A is gaining
some market share leveraging on the price advantage afforded by MFS, retailer B is losing
its market share. This forces retailer B to take back its lost territory by also implementing

the MFS so as to compete with retailer A. Under such a circumstance, retailer B is already
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worse off compared to the benchmark scenario, and the only decision retailer B has to make
regarding offering the MF'S program is determined by whether MF'S is able to give itself an
edge on competition and improve its current level profitability. As shown by Proposition 3,
retailer B will choose to fight back when the shipping cost is low; however, this practice may
make both retailers end up losing compared with the benchmark scenario if shipping cost is
not low enough. In other words, when shipping cost is low but not too low, the profitability
of the MFS program in the case of symmetric implementation is not high enough to support
the shipping cost burden. Then, although implementing such program is at the best inter-
est of both retailers due to competition, none of them can actually be better off, thereby

resulting in a prisoner’s dilemma situation.

4.6 MFS in a Monopolist Retailer Market

The previous section explores how the MFS program affects retailers’ profitability and thus
their adoption decisions in a competitive market. To sharpen our understanding of the
role competition plays in the effectiveness of the MF'S program, we consider a monopolistic
market where a single retailer dominates instead of two retailers competing with each other.
The comparison between this scenario and the previous one provides us additional insights
into the interaction between MFS and competition.

We consider a single online retailer R that carries products from the manufacturer M.
Retailer R operates two platforms A and B, which are equivalent to platforms from the
two retailers in the competition scenario, everything else remains the same as the base
model. Since the manufacturer sets the retail prices, the pricing decisions will be the same
as before. The only distinction is that retailer R’s profit now equals the summation of profits
of retailers A and B in the previous scenario. We summarize the key equilibrium outcomes

in the following proposition.
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Proposition 22. The monopolist retailer’s decision regarding the implementation of the
MFS program is: (i) No MFS if and only if s > 3™; (ii) asymmetric implementation if and

only if s™ < s <3™; (iii) symmetric implementation if and only if s < s™, where

2a(t(1 —0) +20v)((1 — o)yh + o)
(2—a+20+3a0)(1— o)y, +2(1+ 60+ 2ab)oy,
2001 6) + 260)((1— o) + o)

S 24+ +0)A =)y +2(1+ 0+ 2a0)0y;

gm_

The same logic that explains Proposition [20] follows through here. In principle, the MFS
program is profitable only when the shipping cost is not too high. The monopolistic retailer
would choose to implement the MFS program on only one of two platforms if shipping cost
is at the intermediate levels, because a symmetric implementation in such case would be too
costly for the program to be profitable. If shipping cost is low enough, the retailer would
implement the MF'S program on both platforms to reap the full benefit of MF'S at affordable

expenses in terms of shipping subsidy.

Proposition 23. If 5" < s < 5% competing retailers adopt MFS but a monopolist retailer

does not.

Proposition 23| reveals a very interesting phenomenon, that is, the MF'S program is feasi-
ble in a larger region of the parameter space in the competition scenario than in the monopoly
scenario. This is because the MFS program is profitable when the shipping cost is not too
high and asymmetric implementation is chosen in both the competition and monopoly sce-
narios. In addition to the price increasing effect and purchase enhancing effect of the MFS
program, retailer A also benefits from the market expanding effect in such case, though, at
the expense of retailer B’s loss in market share. Essentially, this market expanding effect
offers further motivation for retailer A to implement the MFS program. On the contrary, in

the monopoly scenario, retailer R could not benefit from the market expanding effect even if
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it adopts the asymmetric implementation. This is because the gain of market share on one
platform comes at the cost of reduction in the market share on the other platform. Hence,
a monopolistic retailer’s incentive to implement the MFS program is lower compared to the
competing retailers. In addition, we know from Proposition 21| that both retailers are worse
off with the MFS program if 5° < s < s, when the symmetric implementation is chosen
and fierce competition between the retailers makes both retailers worse off. In contrast,
in the monopoly scenario, the retailer will choose the symmetric implementation only if it
achieves higher profit than both the benchmark and the asymmetric implementation, which
guarantees an increase in its profit. As a result, the MFS program, when implemented sym-
metrically, is always profitable in the monopoly scenario but may not be profitable in the

competitive scenario.

4.7 Conclusion and Implications

In this chapter, we examine the potential role of membership-based free shipping (MFS)
programs in facilitating competitive advantage in online retailing. We show that the MFS
benefits the retailers that implement the program as long as shipping cost is not very high.
This is because the MFS program allows the implementing platform not only to increase
demand among existing consumers but also to expand its consumer base. Plus, the retailer
price on the implementing platform paid by consumers increases after adopting the MFS
program. All three effects contribute to a higher commission revenue for the implementing
platform. However, our results reveal that the implementing platform effectively subsidizes
its members as their membership fee does not cover the cost of shipping burden. As a result,
the implementing platform may not benefit from the MFS program unless shipping cost
is low enough. Furthermore, we show that the retailer platform that does not implement
the program is always hurt when its competitor offers the MFS program. This is because

the non-implementing platform loses some of its consumers as they sign up for membership
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in MFS offered by the competing platform. This issue gets more problematic as the third
party seller does not change the retail price on the non-implementing platform in response
to an increase in the retail price on the implementing platform. Hence, the commission
revenue of the non-implementing platform, which is the only source of revenue, drops after
the competing platform offers the MFS program. When both retail platforms offer their own
MF'S programs, our results reveal that both platforms can gain from their implementations.
This is because the demand enhancement and the price increase effects can be significant
enough to compensate the shipping subsidy burden even if there is no market expansion
effect, unlike the asymmetric implementation scenario. When the retailer platforms choose
to decide whether to offer the MFS program simultaneously, we show that both platforms
adopt the program if shipping cost is sufficiently low; no platform adopts the program if
shipping cost is sufficiently high; and only one platform adopts the program if shipping cost
is neither too low nor too high. Although adopting the MFS program can be a dominant
strategy for both platforms when shipping cost is low, surprisingly, both platform can be
worse of with the MFS program compared to the scenario in which neither platform adopts
the program.

Our findings regarding the strategic impacts of the MF'S program in a competitive market
contribute to a deeper understanding of the role of the program and provide important
managerial insights. First, gaining competitive advantage in online retailing via MFS may
not be possible. Retail platforms may offer an MFS program even if this decision can
hurt their bottom line. Hence, competitive pressures can force them to adopt the program.
Second, adopting the MF'S program does not necessarily intensify the price competition. In
fact, retail price of each adopting platform goes up after the implementation of the program.
However, increased commission revenue through higher retail prices may not be sufficient for
the platform to benefit from the program. Third, even though the implementing platform

benefits from the MFS program, the platform effectively subsidizes the shipping costs of its

123



members even after accounting for the membership dues. Therefore, assessing the success of
the MF'S program to each platform solely based on the shipping cost and the membership fee
can be misleading; an assessment that ignores the demand enhancement and price increasing
effects and compares only the shipping cost and membership fee may likely show that the

program is a failure even though the program is profitable overall.
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CHAPTER 5

CONCLUSION

This dissertation strives to study the trending phenomenon of membership-based free ship-
ping programs (MFS), which have been commonly adopted by online retailers to couple with
the shipping problem in such context. In spite of the popularity of such programs and the
exemplary success of Amazon Prime, there has been a lack of clarity about MFS among
academics and practitioners. By using game-theoretical modelling, we contribute to a better
understanding of the economics of membership-based free shipping programs from various
aspects and provide a foundation to better leverage such programs in the online retailing
industry.

In the first chapter, we examine the strategic implications of MFS. We find that assessing
the success of the MFS program to the platform solely based on the shipping cost and the
membership fee can be misleading. Interestingly, a low shipping cost is neither a prerequisite
nor a guarantee for the platform to benefit from the MFS program. Moreover, concluding
that members of the MFS program gain from it just because they realize more savings in
shipping cost than the membership fee they pay is also incorrect. Meanwhile, when individual
consumers make participation decisions based on their own self interests, the platform can
exploit the prisoners’ dilemma faced by consumers when the MFS program is implemented.
Despite the stimulation of consumer demand by the MFS program, more demand could
hurt the society because consumer surplus from the additional demand could be offset by
excessive shipping cost required to satisfy the extra demand. That is, the MFS program
may not be social welfare enhancing. Taken together, the implications suggest that the the
MFS program is generally a vehicle for the platform to benefit at consumers’ and possibly
the society’s expense.

In the second chapter, we identify the strategic relationship between online retailer’s

consumer-side MFS adoption and its supplier-side business model shift. Our results show
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that the retailer’s profit gain from the MFS program is higher under the agency model than
the wholesale model and the retailer finds it profitable to implement the MFS program in
a larger region of the parameter space under the agency model than under the wholesale
model. Moreover, consumers as a whole are worse off with the MFS program under the
wholesale model but they can be better off under agency model. While the society is always
worse off with the MF'S program under the wholesale model, it is better off with the agency
model if the societal cost is not too high. The results demonstrate that viewing the MFS
program as a simple shipping cost transfer mechanism would fail to uncover the intricate
strategic impacts of the program and could lead to incorrect conclusions about the program’s
impacts on various stakeholders. The primary implication of these findings is that they posit
a potential strategic relationship between the adoption of the consumer-side MFS program
and the shift in the supplier-side pricing model to agency.

In the last chapter, we focus on MFS in the context of platform competition. Our
findings suggest that adopting the MFS program does not necessarily intensify the price
competition. In fact, retail price of each adopting platform goes up after the implementation
of the program. However, increased commission revenue through higher retail prices may
not be sufficient for the platform to benefit from the MFS program. As a result, gaining
competitive advantage in online retailing via MFS may not be possible. Retail platforms may
offer an MF'S program even if this decision can hurt their bottom line. Hence, competitive
pressures can force them to adopt the program, resulting in a prisoner’s dilemma situation.
Our analysis also shows that MFS is more likely to appear in the presence of competition,
which provides a reasonable explanation to firms’ growing interest toward and the striking

popularity of MFS.
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APPENDIX A

SUPPLEMENTAL MATERIAL FOR CHAPTER 2

Proof of Lemma 1 The first-order conditions for sellers’ optimization problems in stage 4

are given by the following:

orly  (om+ (1 —o)y)[t+0(2u —2s —t) — 2(1 + 0)p’ + (1 — O)pl]ph (1 — afy)

8pz4 B 2t =0,
Omp _ (o + (L= o))t +0(2v =25 — ) = 2(1 + O)pp + (1 = Opalpp(l — k) _
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Solving the above two equations simultaneously, we obtain the equilibrium retail prices.

We further verify the second-order conditions are satisfied as shown below:
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The demand functions for the two consumer segments are given by:
vy —pY—s t — pb + pb v — b — g b b g
Dy = (1_0)%[9%“1_9) p;t Do | gU=PE=S (1 _p p2Bt Phy

b t — b b _ _ t —
D= ompt"PAT5 L1 g p;t+p3 A +(1—g) =P tPay
In stage 3, plugging in the equilibrium retail prices and solving for the platform’s op-

timization problem with binding constraints, 7% = 7% = u, we can get the equilibrium

commission rate a’*. It is easily verified that 0 < a®* < 1 as long as the the sellers’ reserva-
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tion profit is less than the channel profit, i.e., u <

can obtain the equilibrium platform profit as:
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The total consumer surplus can be calculated as:
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Proof of Lemma 2

The first-order conditions for sellers’ optimization problems in stage 4 are given by the

following:
omi _ (1L—ai) (1= o)y (200 + (1 = 0) = 2(1 + O)pi + (1 — 0)pg)
opx 2
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Solving the above two equations simultaneously, we obtain the equilibrium retail prices.

We further verify the second-order conditions are satisfied as shown below:

827Tim_ _(1_a;n)(1+9)(a’n+(1—0)7h) <

i 0.

The demand functions from each consumer segment are given as follows:
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In stage 3, plugging in the equilibrium retail prices and solving for the platform’s opti-
mization problem with binding constraints, 77{* = 75" = pu, we can get the equilibrium com-

mission rates a’y* and a'5*. It is easily verified that 0 < o™ < 1 as long as the sellers’ reser-

(1+0)(t(1—-0)+20(v;—5))? (o7 +(1=0) 1)

vation profit is less than the total channel profit, i.e., u < 51 (1730)° .

The profit of the platform consists of three parts: commission revenue collected from the
sellers (CR), membership fee paid by subscribing consumers (MF), and absorbed shipping

cost (SC). These three parts are calculated as follows:
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Substituting the equilibrium retail prices and commission rate in the above equations,

and calculating the platform profit using the formula 733* = CR™ + M F™ — SC™*.
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The total consumer surplus can be calculated as:
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Social welfare can be calculated as:

SWm= ol [ Bu—M—s)dr+ | (1—8)(vn — A — s)dA
b B M)A+ [ (1= 8)(up— A — s)dN
" D e
Y=ol [ O —M—s)dA+ [ (1—60)(on— A — s)dA
0 0
o B — A — s)dA

b (L= 0o M- s)dN

0

0
t(L+30)*(on + (1 — o)ym)?
—(14+0)v)(l—0o)y+ (t+s—t0+s0 —(1+8)v)oy)((t(1 —0) — s — 3s6
+(14+5)v)(1 — o)y, + (t —s— (t+5s)0 + (1 + 50)v)ov)]

0
F = o) ulg (1 =) (on =t =4s) — s T T = o))

(1 =0) = (1 4+ 0)v)(1 = o)yn + (£(1 = 0) — 250 — (1 4 O)vi)on)
((t(1 —60) — 25 — 650 + (1 + 50)v;) (1 — o)yp
+(t —2s — (t +85)0 + (1 + 50)v)ov)] -

Sty — a%[}lu —0) (4, — £ — ds) ((t(1 = 8) + s(1 + 36)

—_

Proof of Proposition 1 The difference between the membership fee paid by subscribing
consumers (MF) and absorbed shipping cost (SC) is equal to the difference (A.2)) - (A.1)).

Substituting the equilibrium retail prices, we get M F"™* — SC™* = —529(1%)% < 0.
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Proof of Proposition 2 Platform profit gain from the MFS program can be calculated

as Arh = 7% — b, Plugging in the equilibrium platform profits, we have:

4s60(1 +0)(1 — o)

sO0(1 — o)yuldt — s — 1450 — 4t6% — 17s6% + 80v;, + 86%v, + ]

he oy + (1= o)y,
Arp, = S
(1 — o) u[1l + 146 + 176> — 40(1+0)(1 — o)
= — U’Yl—i_(l—o')'yh y 52
t(1+ 30)?
LAOA+0)((1L—0) + 20v)(L— o)y
t(1 + 30)2 :

Clearly, 1+140+176)2—% > 141404176 —46(1460) > 0 for any 6 € [0, 1] so

that Ary, is a quadratic function of s with inverted-U shape. Meanwhile, the two solutions
to Anp* = 0 are s; = 0 and sy = s™ > 0. Therefore, Arg* > 0 if and only if 0 < 5 < s™".
Proof of Proposition 3 This is a direct result from Proposition 2.
Proof of Proposition 4 The difference in consumer surplus can be calculated as

ACS* = CS™ — O8%. Plugging in the equilibrium consumer surplus, we have:

ACS* = [2s0(1 — o)y[(280 — t + (t + 45)0% — 20(1 + O)v;)(1 — o)y, — (1 +0)

(t(1 = 0) +20(v — 5))ou]][t(1 + 30)* (o + (1 — o) )]~
40°(1 — o) ((1 +26)(1 — o)y + (L +O)ow)

200+ 2(;()1( 2 ?) (Sﬂ l—+0()1+_2092)7)h§h .

t(1+ 30)2

It is easily verified that ACS* is a quadratic function of s with U shape and the two

solutions to AC'S* = 0 are s; = 0 and sy = (lgg()ffgg)ﬂfﬁﬁf(f;g(ﬁﬂgjljh)
2s0(1—0)vy

. . o . t(1_0)+5(1+0)+"’U‘Hl—"hh
the demand of low base valuation v; is positive, i.e. v; > 50 , we have

> 0. As long as

(1400 —t(1—-0) (om+(1—a)y) _ (1+0)u+ D) oy+(1-o)m) .
s < (1+?f(9)(1—0')’yh+(11+9)0’n b (1+26)(1390)%+(1+9)W = 89. Therefore, AC'S* < 0 holds

for any positive s in our parameter space.
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Proof of Proposition 5 The difference in social welfare can be calculated as ASW* =

SWm* — SWP* . Plugging in the equilibrium social welfare, we have:

ASW* = [s6(1 —o)yu[(1 4 0)(2t(1 — 0) — s — 5sO + 460v;)(1 — o)y, — (s + s6(10 + 136)

—2t(1 — 60%) — 40(1 + O)v) o] [t (1 + 360)* (o + (1 — o))
00 = o) m((1 460 + 50°)(1 — a)yn + (1 + 100 + 136%)oy,) Y
B t(1430)%(oy + (1 — o))

+29(1 +0)(1 — o)y (t(1 — 0) + 20v))

t(1+ 30)2

It is easy to see that ASW™ is a quadratic function of s with inverted-U shape and the
two solutions to ASW* =0 are s; = 0 and s, = 5™ > 0. Therefore, ASW* > 0 if and only
if 0 <s<3s™

Proof of Table 1 To show that s™* > 5™, we know that

s =3 = 214+ 0)(1+30)(t(1 —0) +20v) (o + (1 — o)) (1 = 0)(1 — o)y
+(1+30)o)][[(1+ 6)(1 +50)(1 — o)y, + (1 4+ 6(10 + 130))o]
[(146(10+130))(1 — o)y, + (1 +0(14 4+ 176))o]]* .

Clearly, this terms is positive, so §™* > 5.

Analysis of MFS in Conjunction with Contingent Free Shipping (CFS) When

there is no MF'S, the sellers’ optimization problems in stage 4 are formulated as the following:

arg max = (o + (1 —0o)m

Pa b b ! b
t—py+Dp pUL + S — P
+(1 - 0)(——=—L +e i1 —ahy)

7
2t ot

v — — S
arg max 7 = (o7 + (1 — o)) [ =—LL—
Pp

)[le —P?q — S

t—ph+ph  pon+s—ph
(1= O (— el —af) .

Solving the first-order conditions, we obtain the equilibrium retail prices as follows:

t(1—0) —2s(0 —€e(1 —0)) + 2¢(1 — 0) pvy, + 26
14360+ 4e(1 —0) '

bx __ . bx __
Py =Pp =
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We further verify the second-order conditions are satisfied as shown below:

Om _ (1=ad)(1+0+2e(1 - 0))(oy+ (1 -0)m) _,

opt? t

In stage 3, plugging in the equilibrium retail prices and solving for the platform’s op-
timization problem with binding constraints, 7% = 7% = u, we can get the equilibrium
commission rate:

a = 1—[2t(1+ 30 +4e(1 —0))?u][(1 + 0 + 2¢(1 — 0))(t(1 — 6)
—25(0 — €(1 = 0)) + 2¢(1 — 0) pvy, + 20v)*(ov + (1 — o)) L.
The platform profit can be calculated as:

b b b
U —pPy— S t—py+p
mh= (o7 + (1 - o)) [0=—2—=phaly + (1 - O)(— "yl

t
po + 5 — Pl v —pp—s
el (phaly — 25)) + -2 —phaly
t—ph + b v + 5 — ph
+(1 - 6)(— 2 paly + B (phaly — 29))]

Plugging in the equilibrium retail prices and commission rate, we have the equilibrium

platform profit:

o = [(1460+2e(1—0))(t(1 —0) —2s(0 — e(1 — 0)) + 2¢(1 — ) puy, + 20v;)?
(oy 4+ (1 = o)y)][t(1 + 30 + 4e(1 — )]~ — [4se(1 — 0)(t(1 — 0) — s — 2s¢
—5(5—2€)0 — (1 + 2¢(1 — 0) + 30) pvy, + 20u;) (oy + (1 — o))
[t(1 430+ 4e(1 —0))] 7 —2u .
When the retail platform implements the MFS program, the sellers’ optimization prob-

lems in stage 4 are formulated as the following:
t—py +pg €pvh+s—p§))
2t t
v — ™ t— ™+ v — ™
(L) (A PR B (1 - o)

arg max 7y = [O’%((QW + (1 —0)(
Py

+(1 — o)y (0
v —Pp — S t—pg +p} v+ 5 — pip
arg max = [g%(9¢+(1_9)( pg Pa +€P h pB))
Pp t t
v =P t—PE+DE | PO DB\ m
HL= @77+ (L= (g 4 R - )
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Solving the first-order conditions, we obtain the equilibrium retail prices as follows:
P =g = [(1—0)((1—0)(t+ 2epvy) + 20v)yh + o(t + 2s€ — O(t + 25(1 +€))

+2¢(1 = 0) pvy, + 20v)y][26(1 + 30 + 4e(1 — 0))*(ov + (1 — o)) .
We further verify the second-order conditions are satisfied as shown below:

0P (I—=a™)(14+0+2e(1—=6))(oy+ (1 —0)y)
7= " t <0.

In stage 3, plugging in the equilibrium retail prices and solving for the platform’s op-
timization problem with binding constraints, 7% = 7% = u, we can get the equilibrium

commission rates:

am = 1—[2t(1+ 30 +4e(1 —0))*(oyi + (1 — o)) [(1 + 0 + 2¢(1 — 6))
(1 —=o)((1 = 0)(t+ 2epvy) + 20v) v, + o (t + 2s€ — O(t + 2s(1 + ¢€))

+2¢(1 — 0)pvy, + 29?)[)’}/1)2]_1

The three components of platform profit, namely CR, SC and MF, can be calculated as

follows:

—pm __ t_ m m _ m
CR = [oq(0"—LA=2 4 (1 — g PATLE | LTS DA

+(1—o)m(®
U —pp—S t—pg + i vp + s — P
Hon(O=—E— + (1 - ) (— 2 L)

+e€

— phn t—pm m _ am
U tpA +(1_9)< pA+pB PUL pA))] m o m

Paay

U —Pp t=Pg +PE PO = DPE N m m
(1= (0= + (1 = O)(—— —" + e———2)pay ,

SC™ = (1- U)’yh(evl —tPA i 9?11 —th )s + eloy (1 — 9)(@

+M)23 +(1—o)m((1— 9)@ . 9)@)23
HO =o)L= )5 = ) (- )

v, — Pl t—pm L pm b,
_%))s]+(1—e)(1—a)fyh(u_e)%ﬂl_@%)s7

MF™ = (1—o)M™ .
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The equilibrium membership fee M™ equals the expected surplus gain from the MFS
program. For any frequent shopper, the expected surplus with the membership can be

calculated as:

wl [ 8 — D — M)A+ [ O — pfp — At)dA
fw;);rﬁ” ’ PP

b =0t p) — 2 — 20+ [ (L= o) (L —6)(vn — P — AL
tﬂ%’&i PP "

v =)o — T — M)A+ Of e(1— 0)(vn(1 + p) — 291 — 27\E)dA
pon =P}

+ bf (1—¢€)(1—0)(vy, — Pl — M)\ + fm (1 —0)(vy, — 5 — At)dA] .

t

The expected surplus for the same consumer without the membership can be calculated

as:

Yl j O(v, — p' — Xt — 8)d\ + f O(v; — p — At — s)dA

b el —0)(on(1+p) — 27 — 200)dA

bl (== 0)(vn — P — A — s)dA
M N

b (=) (o g — M — s)dA+ Of e(1— ) (on(1 + p) — 207 — 27t)dA
pop =P —s

+ bf (1—e)(l—@)(vh—prg—)\t—s)d)\+ph_fm_ (1 —0) (v, —pf — At — s)dA] .

pop =P

t

Taking the difference of the two terms, we have the equilibrium membership fee. Sub-

stituting the equilibrium retail prices and commission rate, we can calculate the platform
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profit using the formula 733* = CR™ 4+ M F™ — SC™* so that

mx __
7TR —

[(1+26(1—0) +6)((1— o)((1 — 0)(t + 2epvy)
+20u)yn + o (t + 2s€ — (t + 25(1 + €))0 + 2e(1 — 0) pvy, + 26v;)y;)?

—s(1+4e(1 — 0) +30)(1 — o)y ((1 — o) (£(1 + 6€(1 — 6) + 0)(1 — 6)
—s(1+4e(1—0)+30)(0 —e(1 —0)) —2e(1 +2¢(1 —0) +50)(1 —0)puvy,

+20(1 + 6e(1 —0) + 0)v)yn + o ((1 — 0)(t(1 + 6e(1 — ) + 6) — s(e + 6 + 15€0)
—2¢€(1 4 2¢(1 — 0) + 50)pvp) + 2(1 + 6¢(1 — 6) + 6)0u;)v,) + s(1 + 4e(1 — 0) + 30)
(1= 0)2(2e(1 — 0)((2e — 1)0 — (1 + 3¢))pvn + (1 + 2¢(1 — 6) + 6)

(t(1 = 0) + 20v))v2 + (1 — 0)o(8se(3e — 1)0 — 2s€(4e +4) — 25(2 + €(4e — 4))6?
—t(1 —0)(1 —2¢(1 —0) +0) + 2e(1 — 0)(1 + 2e — 2(2 + 4e(1 — 6) + 60)

+56 — 2¢0) puy, + 20€(1 — 6) + )7y,

—4e(1 — 0)o?(s + 2se — t(1 — 0) + s(5 — 2€)0 + (1 + 2¢(1 — 0) + 30) pvy, — 20v;)7?)]

[t(1+ 30 +4e(1 — 0))* (o + (1 — o)yn)] ' — 2u .

Proof of Proposition 6 Platform profit gain from the MFS program can be calculated

as Amy = * — %, Plugging in the equilibrium platform profits, we have:

*
Ary =

s(1 = o)
t(1+4e(1—=0)+30)%(oy + (1 — o))

(0 —e(1—0))+s(83(1 —0)> — 0 — 62(10 + 130) + €(1 — 0)(4(1 + 30)(1 + 50)

[(1—0)(4t(1+2¢(1 —60)+60)(1 —0)

—1—30(24110)) + 4€2(1 — 6)2(3+196)) + 8(1 + 3e(1 — 0) + 0)(0 — e(1 — 0))
(e(1 — 0)pvp, 4 00) )y + o (4t(1 + 2¢(1 — 0) + 0)(1 — 0)(0 — (1 — 0))
+s(e(1—0)(4(1+30)(1 +50) — 1+ 6(2 — 3360)) + 4e2(1 — 0)%(2 + 226))

—0(1 +0(14 4 170))) + 8(1 + 2¢(1 — 8) + ) (8 — (1 — 0))(e(1 — ) puy, + ;)]

Q- —o)m+mon)

t(1+4e(1 —0)+30)%(oy + (1 — o))
+[4(0(1 = 0) — (1 — 0)* —2e2(1 — 0)*)(1 — o) (t(1 — 0) + 2¢(1 — ) pvy, + 260v;) V]

[H(1+4e(1—0) +30)2 " x s .
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0
If e < 3’ then (1 — o)y, + meoy, > 0. It is easily verified that Arj, is a quadratic
function of s with inverted-U Shape and the two solutions to Any = 0 are s; = 0 and s3 = 5.

Meanwhile, it can be shown that s > 0 given that € < 3 < 1—5 Hence, we have Arj, > 0
if s < &.
Analysis of Shipping Fee vs. Shipping Cost When there is no MFS, the sellers’

optimization problems in stage 4 are formulated as the following;:

b b
v — Py —
arg max m; = (oq+ (1~ 0)%)[9%&
PasTa
H - o) BT IR By o

b b

/l} —— —
arg max mpy = (o + (1— o)) lp =P = T
pB,fg b b bt b
t—pp—fa+Pa+f
P 0+ f = 9)(1—af)

As pb and f? always appear in pairs, we denote tp? = p? + f? as the total price and then

+(1-10)

the optimization problems transform into the following:
t—tp% + tply
2t

v — 1 t— tply + tph
arg r?%x = (on+ (1 —o)w)d l th—i-(l—G)%
Pp

o
arg max 74 = (o7 + (1 — o)) [0—TA + (1-6) J(tphy — 5)(1 — k) |

tp t

[(tpls — s)(1 — aly) .

Solving the first-order conditions, we obtain the equilibrium total prices as follows:

t(1—0)+s(l+6)+ 200
e e W00+ s050) 4200

1436
We further verify the second-order conditions are satisfied as shown below:
Prt (- a1+ O)ont (o)) _,
otpy’ t |

As the sellers can choose any partition between the product price and shipping fee here,
we assume they will set the shipping fee equal to shipping cost and charge the rest of the
total price as product price in the equilibrium, which is most likely, so that:

,lé)l* = g* = S,
t(1—0)+20(v, — s)
1+ 30 '

bx __ . bx __
Py =P =
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In stage 3, plugging in the equilibrium total prices and solving for the platform’s op-

timization problem with binding constraints, 7% = 7% = u, we can get the equilibrium

commission rates:

1 2t(1 + 30)*u
b (1+0)(t(1—0) +20(v, — 5))*(on + (1 — o)) -

The platform profit can be calculated as:

t —tph + tp
2

)t — 5)] -

Plugging in the equilibrium total prices and commission rate, we have the equilibrium

wh= alon+ (- a4 4 (1 -0) )i — 3

— tp} t—tply + tph

platform profit:

oo (L 0)(E(A —0) +20(v — s))*(oen+ (1 — o)) o
R t(1+ 36)? '

When the retail platform implements the MFS program, the sellers’ optimization prob-
lems in stage 4 are formulated as the following:

v —py — fi

arg max mj' = [0y (0 "
A A
v - o) T IEEIE Iy 4 )1 o
v — py t=PY+ DB\ m m
H = om0 =P 4 (- o) AT
g, e i = [0%@@
BB
F(1 - TP IRy g 1 - ap)

2t

H1 = o022 (11— )21 —ap)

Solving the first-order conditions, we obtain the equilibrium retail prices and shipping

fees as follows:

ok ok t(1—9)+291)l
pa-=Pp = 1+30
me e S(LA0)
A TJB T 1430

It is easily verified that the Hessian Matrix at this point is negative semi-definite.
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In stage 3, plugging in the equilibrium total prices and solving for the platform’s op-
timization problem with binding constraints, 7}

= %" = u, we can get the equilibrium
commission rates:

1 2t(1+ 30)*u
o (14 0)((1 = 0)(t(1 — 0) + 2002y, + o(t(1 — 0) + 20(v; — 5))2v)

<

The three components of platform profit, namely CR, SC and MF, can be calculated as
follows:

- . v —py— [ =P =X+ + I8, m m
CR™ = alon(B=—"— + (1 = )AL —F—=E )} + [} — 5)
+(1 — o) (0 =LA 4 (1 — g =LA TPy

PA
von(ot TPETIE g g TP B PAEIR (  p
v — P t — m_|_ m
1= o) (0= (1 - )2 )

SOm = (1-o)mlp™ ST 6L g (1 - g) L PATEE - ) LB R

MF™ = (1—o0)M™

The equilibrium membership fee M™ equals the expected surplus gain from the MFS

program. For any frequent shopper, the expected surplus with the membership can be
calculated as:

m

v =Py t—p A +pR
Wl [ 0o —pF—=X)d\ + [ (1 —=0)(v, —ph— At)dA
0 0

t—p B +p}
2t

O(v, — piy — X)dA+ [
0

_|_

o,

(1= 0)(vn — p — M)A .

The expected surplus for the same consumer without the membership can be calculated

as.
vl—pﬁj—f"f t—er—fng:pg-!—fg
w0 —ph — f = M)dA + / (1= 0)(vn — Pl — fi* — At)dA
+ Of O(vi — pg — f& — A)dA + / (1= 0)(vn — P — fE — A)dA] .

0
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Taking the difference of the two terms, we have the equilibrium membership fee. Sub-
stituting the equilibrium retail prices and commission rate, we can calculate the platform

profit using the formula 73}* = CR™ 4+ M F™ — SC™" so that

T = %[(1 — o)(t2(1 — 0)? — 2ts(1 — 0)0 — s20(1 + 0)

+40u,(t — (t 4+ 8)0 + 0v))yn + o (t — (t + 2s)0 + 20v,)*y] — 2u .
Proof of Proposition 7
Platform profit gain from the MFS program can be calculated as Ar} = 7%* — 7o,

Plugging in the equilibrium platform profits, we have:

sO(1 — o) (2t(1 — 0) — s — 5sf + 460v,)yy,

AT = (1 + 30)?
01+ +50)(1—0)m 5 014 0)(1—0o)(2t(1 — )+ 40v;)
- 11+ 30)2 X 1(1 + 30)2 s

Clearly, A7y, is a quadratic function of s with inverted-U shape and the two solutions to

Aty =0 are sy = 0 and sy = § > 0. Therefore, A7y > 0 if and only if 0 < s < 5.
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APPENDIX B

SUPPLEMENTAL MATERIAL FOR CHAPTER 3

Proof of Lemma 3
The first-order condition for retail platform’s optimization problem in stage 2 is given by
the following:

om’  vp A+ u 4 2w — 4p™P — 25
opwb t

=0.

Solving the above equation, we obtain the equilibrium retail price in terms of the whole-

sale price given as follows:

vy + v + 2w — 2s
4

wbx __

We further verify the second-order condition is satisfied as shown below:

82 wb 4
Zf2 = ——<0.
op t

The first-order condition for the manufacturer’s optimization problem in stage 1 is given

by the following:

omrp B vy + v — 25 — 2wt _0
owwb 2t Y

Solving the above equations, we can get the equilibrium wholesale price and retail price.
We also verify the second-order condition is satisfied for the manufacturer’s optimization
problem:

OPmp 2
8wUJb2 = —g <0.
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The demand from a consumer of type # and the overall demand are given by:

vy —pWo_s vy —pWh_s
h pt l pt
Dy = / B + / (1—6)dA
7vh7pwas 7vl7p1‘)b75
1 vh—p:Ub—s 1 vl—pr’b—s
Db — / / BN + / / (1— 0)dAdd .
0 7'Uh7pwas 0 7vlfpwb7.s

Plugging in the equilibrium prices, we get equilibrium retail platform profit as follows:

wbx __ (Uh + v — 28)2 B.1
Tr= 32t ' (B-1)

In stage 1, plugging in the equilibrium wholesale price, we can get the equilibrium man-

ufacturer profit:

e _ (v, + v — 25)?
M 16t

The total consumer surplus can be calculated as:

1 v;prthfs
C5m — / / B(un — p™ — s — | A |)dAd8
0 ”h_wa—
vl—tp'LUb—s
1 T

17v,% — 30vpv; + 1702 — 4s(vp, + vy) + 452

o (B.2)

Cswb* —
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Analogous to C'S, social welfare can be calculated as:

1
s [
0

vhfpwas
/ vy — s — | A |)dAdO
vhfp'“)bfs

t

23v,2 — 18vpv; + 23u,% — 28s(vy, + ;) + 285>

o (B.3)

Swwb* —

Proof of Lemma 4
The first-order condition for the retail platform’s optimization problem in stage 4 is given

by the following:

orp™  vp v+ 25 + 200 — 4p"T — 4sfem _0
apwm - t -

Solving the above equation, we obtain the equilibrium retail price in terms of the whole-

sale price and the membership base given as follows:

vy + v + 25 + 2wP™ — 4sfwm
1 )

W *

p —_=

We further verify the second-order condition:

OPrym 4
%T];Lﬂ - —g < O .
The first-order condition for the manufacturer’s optimization problem in stage 3 is given

by the following:

ory®  vp v — 28 — 4w _0
owwm 2t o

Solving the above equation, we can get the equilibrium wholesale price as follows:

v, + v — 2s
4

wm* __
w =
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We also verify the second-order condition on the manufacturer’s sides

82 wm 2
M _Z .
8wwm2 t

Besides the program administration cost f, the profit of the retail platform consists of

three parts: retail platform’s net revenue collected from the manufacturers (NR), member-

ship fee paid by subscribing consumers (MF), and absorbed shipping cost (SC). These three

parts are calculated as follows:

ewm Ul_pwm_s
NRvm = / / fdNdd + / / (1— 6)dAdd
R T
+ / / BdNd6 + / / ( 9)d>\d9>( —wm |
wm éwm _ vy —pwWm

SCum — //Qd)\dHJr/ / 1—0d)\d9>

vy —pwm pwm v —pWm pwm

Mme — (1 _ éwm)Mwm .
Calculating the retail platform profit using the formula 7™ = NRY™ + M F*™ - SC*"™ —
F(1 — ™2 we obtain:

T8 = [(v, +v;)? — 32t f — 44s* + 4s(9v; — Top,) + 8éwm(8tf + 5(65 + Tvp — ;)
—A(tf + s(vp — v))0¥™)][32t]~

Thus, the retail platform’s problem of choosing the membership fee in stage 1 becomes
equivalent to choosing the membership base in the stage 1
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The first-order condition for the retail platform’s optimization problem in stage 1 is given

by the following:

omy™  8tf + s(6s + Top, — 9vy) — 8(tf + s(v, — v))0™ .
8éwm B 4t =0.

Solving the above equation, we obtain the optimal membership base given as follows:

8tf + 65 4 Tsv, — 9sy;
8tf + 8svp, — 8sv;

Qumx —

We verify the second-order condition:

Org" _ 2s(on—w) _
OfPwm?2 t

It is easily verified that gvm* < 1 if and only if s < “’IT“”; and 0™ > 0 if and only if

s(5v;—3vp —2s)

5(9v;—Tvp, —65)
f> === 4t

< . The equilibrium

, which is true given by the assumption f >

retail platform profit is then given as follows:

T = 2t f (v, + v — 25)% + 5(365% — s(Tvp, — 9vy) (vp, + v1) + 2(vp, — ) (v, + ;)2 (B.4)
—452(vp, + 50))|[64t(tf + s(vn, — )] .
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The demand from a consumer of type 6 without and with the membership, and the overall

demand are given by:

vhfpt —s vlfpt —s
D — / fdA + / (1—6)d\
7vh7p':’mfs 7vl7p1:'m75
vhitwm Uli::wm
ppme - — / B + / (1-60)dx,
_vp—pm _uoptm
éwm 41%71)1“”175 éwm /Ulfp’fmf‘s
prm — / / fdrdd + / / (1— 6)drdd
0 _ vp—pWm—s 0 vy—pWm—s
. Uh_fwm ) Ul_l‘zwm
+ / / BdNdl + / / (1— 6)dAdd .
éwm _Uh—Pwm éwm Y —pWwm

Substituting the equilibrium wholesale price, retail price, and membership base in the
above equations, we get the equilibrium demands. Similarly, we get equilibrium manufacturer

profit as follows:

(v, + v — 25)?
16t '

wm* __
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The total consumer surplus can be calculated as:

osvm = /

O(vp, — p¥™ — s —t | A|)d\db

v —pWMm—s pwm

—I—/ (1—=0)(vy—p¥™ —s—t]|A|)d\db
/ O(vy — p™ — t | X |)dAdf
gwm_v

+/
é’wm_ -

CSvm = 12 f2(4s* + 17v — 30v,v; + 1707 — 4s(v, + v;)) + 2t fs(4s* (v, + v;) — 1253

(1= 0) (v — p“™ —t | A |)dAd) — MFwm

—s(5vp, — 3v)) (v, + v1) + (v, — v) (1702 — 3000, + 1707))
s2(36s* — 24530, + s%(v; — 3vp)? — s(5vp, — 3u) (v, — v) (v + V1)
+(vp, — v)2 (1702 — 3000, + 170))][64¢(tf + s(vp, — vp))?] 7L .

Similarly, social welfare can be calculated as:

pWM g A Ulipwmis

SWwwm = / / vh—s—t])\|)d)\d9~|—/ / (1—=0)(vy—s—1t|\]|)d\dO

vlfpwmfs
t
'Uh_p . v —p™

1

+/ / H(Uh—s—t\)\\)d)\dHJr/ / (1—0)(v;—s—t | \|)d\dd
éwm _’Uh—fwm éwm _Ul—lt’wm
—f(1—6vm)2.
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SWwm* = [¢2 f2(28s% + 23v7 — 18v,v; + 23v7 — 28s(vy, + v;)) + tfs(12s® + s*(60vy, — 52v;)
—5(5Tvy, — 55v;) (v, + v1) + 2(vn, — v7) (2307 — 18wy + 230}))
+52(365% 4+ 1253(3v, — 5v;) — 28s(vy, — vy) 2 (vp + ;)
+(vp, — v1)3(230v7 — 18vpu; + 230vF) + s%(21v3 — Sdvv;, + 3707))]

[64L(tf + s(vp, — )7L .
(B.6)

Proof of Proposition 8

From Proof of Lemma , we know that §*™* € (0,1) if and only if s < ””Tﬂl, in which
case we have an interior solution of 7{y"*. Then the retail platform profit gain An}* equals
™ — b Substituting Equations and [B.1} we get the equilibrium retail platform

profit gain as follows:
s*(vy, + v — 6s)?

64t(tf + s(vn, — v1)) >0 (B-7)

wk __
AR =

Next, we examine the corner solutions. If s > ”*LT“”, then vm™ = 1. Essentially, no
consumer would join the MFS program and the equilibrium reduces to that of the benchmark
case.

Proof of Corollary 1

From Proof of Lemma , we get that SCV™ — M "™ = 5(1_éwm)(5+(vth—vz)(1—éwm)) > 0.

Thus, we have M F*™ < SCv™*,
Proof of Lemma 5
The first-order condition for manufacturer’s optimization problem in stage 2 is given by

the following:
ors  (vp+u —4p™ — 25)(1 — o)

= =0.
Opab t

Solving the above equation, we obtain the equilibrium retail price. We further verify the

second-order condition:
0?msb 1 — a2

W__ ; <0.
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The demand from a consumer of type # and the overall demand are given by:

ab ab

hf— ==
D3t = / fdA + / (1—0)d,
), —pab—s optbos
| et SR
D = / / Qd)\d0+/ / (1= 60)d\db .
0 w s

Substituting the equilibrium retail price, we get equilibrium manufacturer profit as fol-

lows:

ube (v, + v — 25)%(1 — a®?)
7TM = 8t .

In stage 1, plugging in the equilibrium retail price and solving for the retail platform’s

optimization problem with binding constraints, Wﬁg = u, we can get the equilibrium com-
mission rate a®* and it is easily verified that 0 < a®* < 1 given that p < Wé+25)2.
The equilibrium retail platform profit is:
v + v — 25)?
71'%7* — ( h + 8lt ) — I . (Bg)

The total consumer surplus can be calculated as:

C 5% = / / O(vp, —p™® — s —t | \|)d\dO

’Uhp b_s
/ / (1—0)(v;—p® —s—t]|X]|)d\do .

45% + 5uE — 6upu, + H5vF — 4s(v, + v;)

C Sab* —
16t
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Analogous to C'S, social welfare can be calculated as:

vhp—s

SWeab = / / O(vn — s —t | \|)dAdO

vhp b_s

//1—9 Y — s —t| A |)dAdb .

Ovlp—s

1252 + Tvi — 1200, + T — 125(vy, + ;)
16t '

Swab* — (BlO)

Proof of Lemma 6
The first-order condition for manufacturer’s optimization problem in stage 4 is given by

the following:

oni  (vp + v —2p™" — 25@‘“”)(1 —a) 0
dpam t -

Solving the above equation, we obtain the equilibrium retail price given as follows:

vy + v — 2507m
4

anmx

p —=

We further verify the second-order condition:

iy 41 —a™m)
apam2 - t

<0.

In stage 3, the retail platform will extract the manufacturer’s gain from the MFS program
by choosing a commission rate a®™ that leaves the reservation profit as the surplus for the
manufacturer.

In stage 1, besides the program administration cost f, the profit of the retail platform

consists of three parts: retail platform’s net revenue collected from the manufacturers (NR),

membership fee paid by subscribing consumers (MF'), and absorbed shipping cost (SC).
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These three parts are calculated as follows:

am BT PRTE BT
N R — </ / OdAdO + / / (1 — 0)dAdb
0 _vp—pM—s 0 vy —p?M—s
1 vh—tpa‘m . vlftpam
+ / / OdAdo + / / (1 — Q)d)\d9>pam -,
gam 7Uh,:am gam 7”l7fam

am

1 U 1 e
SCam = (/ede / 1d>\+/(1—«9)d9 / 1d)\)3,
éam _ Uh—Pam éam _ Y —pam

MFam — (1 _ éam)Mam .

Calculating the retail platform profit using the formula 7¢" = NR*" + M F*" — SC*" —

F(1 =672 we obtain:

T = (v 4 v))% — 852 — 8s(v, — 1)) — 8tf + 409 (4t f + 5(25 + 3vp — 5vy)

+(s(s — 20p + 20)) — 2t)07™)|[8] ' — 1 .

Thus, the retail platform’s problem of choosing the membership fee in stage 1 becomes
equivalent to choosing the membership base in the stage 1.
The first-order condition for the retail platform’s optimization problem in stage 1 is given

by the following:

67rg%m B 4t f + 8(28 + 3vp, — 5vh) + 2(3(3 — 2up, + QUh) _ 2tf)éam 0
8@‘”” B ot =0.

Solving the above equation, we obtain the optimal membership base given as follows:

At f + s(2s + 3v, — 5uy)
atf —2s(s — 2up + 2v;)

A
eam* —
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We verify the second-order condition:

Py s(s — 2up, + 2u)) Yy
aéam2 o t '
For the solution to be a local maximum, we need to have f > W It is easily
verified that #*™* < 1 if and only if s < ”””l, and 67 > 0 if and only if f > %“25),
which is true by the upfront assumption. Given any s < ”””l, we have f > %“25) >

s(s—2vp+2v;)

5 . The equilibrium retail platform profit is then given as follows:

o _ tf(vn + v — 25)% + (65 + 252 (v, — 3vy) + (v, — vp) (v + v)? — 4s(v: — v?)) "
amx _

42t f — s(s — 2vp, + 2v;))

(B.11)
The demand from a consumer of type 6 without and with the membership, and the overall

demand are given by:

vh—pt —s vl—pt —s
pom. = / O\ + / (1—0)dx,
vhfp: v —p
Uh_tpam Ul_fam
D = fd) + (1 —9)d,
_vh—pam _v— p
eam “h
D = / / Od\db + / / (1 —0)dAdo
0 wvp—p®M—s pam s v —pAT—s pam

v —p~ p
/ / Hd)\dQ—i—/ / (1 —6)dA\db .

Similarly, the commission rate a®™* can be calculated by plugging the equilibrium retail

price and membership base. It is easily verified that 0 < o™ < 1 given that u < W.
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The total consumer surplus can be calculated as:

am

fam vh—pt —s
cSsom = / O(vp, —p™™ —s—t | X|)dAdb
0 _wp—pm—s
+/ / (1=0)(v, —p*™ —s—1t|\|)d\dO
0 vy —p*"-—s
. '”hffam
+/ / O(vp, —p™™ —t | A |)d\dO

éam _Yp —pam
t
v —pam

1

+/ / (1= 0) (v — p™™ — t | A |)dAdO — MF™ .

éam _ Ul,pam
t

C S = [t f2(4s* 4+ 5ol — 6y + 5P — 4s(vy + vy)) + 2t fs(s*(Yvp, + ;)
—65% + (2050 — TUf + 0}) + (v, — 1) (5vE — Gupv, + 507))
+5%(9s* — s(v, — vy) (v — 3up)? — 283 (vy, + vy) + 4s% (202 + 200, + V7)

+(vp — v)?(5v2 — 6vpv; + 5v2))][4t(s(s — 2up, + 2u;) — 2t f)?] 7L .
(B.12)
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Similarly, social welfare can be calculated as:

éam
swom — /
0

v

h*P:m*S
/ O(vp, —s —t| X|)d\do

_Yp—TP
éam vl—pt —s

+/ / (1= 0)(vi—s— | A[)drdo
0 v —p?M—s

+/ / O(vp — s —t | A|)drdo

Sweams = 12 f2(12s* + Tv? — 2upv, + TvE — 12s(vp, + ) + tfs(28*(17vy, — Tvy) — 483
+2(vp, — v))(TvE — 2upv; + Tv3) + 5200, — 3107 + 1707))
+5%(3s* + 8s*(v), — 2u;) + 4s* (40} — 6vpu + 307)
+(vp, — v)*(TvE — 2up; + Tv})

+25(11v3v; — 903 + vpv? — 3vP))][4t(s(s — 2v, + 20;) — 2tf)?] 7L .
(B.13)

Proof of Proposition 9

From Proof of Lemma |§|, we know that §em* € (0,1) if and only if s < ”hTJ””, in which case
we have an interior solution of 7%™*. Then the retail platform profit gain A7y = 74 —7ad*.
Substituting Equations and [B.8] we get the equilibrium retail platform profit gain as

follows:

s%(vp, + v, — 4s)?

SH2f — s(s — 2o+ 20)) (B.14)

a*x __
Ay =
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Next, we examine the corner solution. If s > ”hTJr“l, then fom* = 1. Essentially, no
consumer would join the MF'S program and the equilibrium reduces to that of the benchmark
case.

Proof of Corollary 2

From Proof of Lemma |§|, we get that SC™ — M F*™ = S(lféam)(st;h*”l)(l*éam)) > 0.
Thus, we have M F*™* < SC*™*,

Proof of Proposition 10

If s > ”hTJ”’l, the retail platform will not implement the MFS program under either the
agency model or the wholesale model, and then Arfy = Arg* = 0. If 22 < g < Wt
the retail platform will only implement the MFS program under the agency model but
not the wholesale model, and thus Azrg > Azxg* = 0. If s < 2% the retail platform
will implement the MFS program under both the agency model and the wholesale model,

and the difference between the retail platform profit gains can be calculated by taking the

difference of Equations and [B.7] as follows:

2( 8(vhtvi—4s)® (Uh+vl*65)2>
A — A = LT e

We know from the Proof of Lemma {4 that f > W, so 2tf — s(s — 2vp, + 2v;) >

s(vp+v;—4s) . 8(vp,+v;—4s)? (vp+v;—65)2 8(vp,+v;—65)2
—+——= > 0. Then it can be shown that S —s(s—2ont30)  tfts(or—o) = f—s(—2ont20)

(vptv—65)% _ 3(vptv—6s)° ax w :
Frstor—o) = ifts oy Lherefore Amg — Amp® > 0 is true.

Proof of Corollary 3
Since we are only comparing the interior solutions, we assume s < ”hTJr”l for the following

analysis:
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(1):

A A s(vp, + vy — 4s) s(vp, + v — 69)
1 . eam* > 1 _ me* — .
Atf 4+ 2s(2uy, — 2v; — s)  8(tf + s(vp — vy))

- s(vp, + v, — 65) s(vp, + v — 65)
4tf -+ 28(2Uh — 2?)1) S(tf + S(Uh — UZ))
_ s(vp, + v — 65) 50
8(tf + S(Uh - Ul))
(ii): From Proof of Lemma a we get SCV™ — MFY™ = S(l_éwm)(SHU:_UZ)(I_éwm)).

Similarly, from Proof of Lemma @, we get SCU™ — M Fom* = S(lféam)(SH?*”)(l*éam)). The
two equations are in the same form that is a decreasing function of gum or Gom. By Proof of
Proposition 4 below, we know that gom+ < éwm*, so we have SCY* — M Fo™* > SC%™m™* —
M Fvm,

(#1): From Equations and we get APM™ — APM"™* = [s3(s(6s — bvy, + 3v;) —
4t )] [8(tf+s(vn—v1)) (s(s—2vp42v;)—2t f)] 7. Similarly, given that f > w by Proof
of Lemma 4, we have s(6s—5bv,+3v;) —4tf < 2s(4ds—v, —v;) < 0 and s(s—2v, +2v;) =2t f <
w < 0.Therefore, it is true that APM* > APM"*.

(iv): 1t is straightforward to get the result by comparing Equations and

Proof of Proposition 11

This result follows by combining the results from Proposition [§] and Proposition [9

Analysis of Consignment Model

When there is no MFS, in stage 2 of the game, the manufacturer’s optimization problem

is given as the following:

cb cb

1 vh—pt —s 1 vl—pt —s
arg max ¢ = (/ / Od\dO + / / (1— H)d)\dﬁ) (p® — w®) .
pC
0 7vh7p6bfs 0 7vl7p0575

t t
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Solving the first-order condition, we obtain the equilibrium retail price:

v + v — 25 + 2w
1 .

cbx

In stage 1, the retailer maximizes its profit by solving the following model:

uhp—s vlp—s

arg max w3 = / / OdNdO + / / (16 d/\d0>

vlpfs

Plugging in the equilibrium retail price and solving the first-order condition, we obtain

the equilibrium wholesale price:

v, + v — 28
4 Y

wcb* —

Given the equilibrium prices, the retailer and manufacturer equilibrium profits equal:

(v, + v — 25)?

chx B.15
Tk 161 (B.15)
b _ (v, + v — 25)?

M 32t

When the retail platform implements the MFS program, the manufacturer’s optimization

problem in stage 4 is formulated as following;:

arg max miy = / / OdA\do + / / (1 —0)dAdo
pcm

_vp—pM—s pcm vy —pM—s pcm s

//9dAd0+/ / (1-0 d>\d9)( emy

pcm pcm

Solving the first-order condition, we obtain the equilibrium retail price:

v, + v+ 20 + 250°m
1 .

CIM*

p =
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In stage 3, the retailer maximize its profit by solving the following model:

arg max g = / / OdA0 + / / (1= 6)drd8) we™

_vp—ptM—s pcm vy —ptM—s pcm

//Hd)\d9+/ / 1-0 dAdG)( — %)

+Mch _ f( _ Qcm)

Plugging in the equilibrium retail price and solving the first-order condition, we obtain

the equilibrium wholesale price:

vp + v+ 25 — 4s6°m
4 )

cmx

Following the similar procedure of the main model, we can write down the retail platform

profit as:

7 = [(vp + )2 — 16tf — 2052 — 165(vp, — v;) + 40 (8t f + 5(65 + Tv, — ;)
—4(tf + s(vp — ;)07 [16¢] !

Solving the first-order condition with respect to gem yields:

8tf + 652 4 Tsvy, — 9sy
Stf + 8S(Uh — ’Ul) '

~
Hcm* _

Given that, the retailer and manufacturer equilibrium profits equal:

o = (4t f (vp + v — 28)? + s(368% + 4s% (v, — Tvy) — s(15v, — 17v;) (vy, + ;)

—|—4(Uh — vl)(vh + UI)Q)][64t(tf + S(Uh — Ul))]_l .

(B.16)

s (vp + vy — 25)?
’ﬂ' _—
M 32t
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Proof of Corollary 4
Under the consignment model, the retailer’s profit gain from implementing the MFS

program can be calculated as the following:

s*(vp, + v — 6s)?
ATS = cmx chx __ .
TR TR TR T G40t + (v — )

It can be seen that An§ = Anjp*, where Amg* is the retailer’s profit gain from the MFS
program under the wholesale model in the main model. Meanwhile, we can show from the
above analysis that {7 = 7%, so the manufacturer profit remains the same regardless of
the presence of the MFS program.

Analysis of Franchise Model

When there is no MFS, the equilibrium outcomes are identical to those under the agency
model of the main model. When the retail platform implements the MFS program, its price
optimization problem is formulated as the following;:

vp—pl " —s pfm—s v —p’ " —s pfm—

arg mfaX 7TR = / / Od\dO + / / (1-— dAdG)pfm
_vp—plM—s pf"Lfs vy —plM—s pfmfs
vp—p’ " p o P
/ / fdNd6 + / / (1- dAdG) (p™ — s)
_Yh =P pf fm _ui=pT pfm

FMEIm — f(1—§m)2 —

Solving the first-order condition, we obtain the equilibrium retail price as:

(vn + vy + 25 — 4s07™)

fmx _
b 1

Similarly, we can solve or the optimal membership base as:

Atf + 452 + 3svy, + Hsy

éfm* _
At f + 4dsvy, — 4dsu
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Substituting the equilibrium retail price and membership base, we can then calculate the

retailer’s profit gain from MFS as:

s%(vp, + vy — 4s)?
16t(tf + S(Uh — 'Ul)> ’

Arl = (B.17)

Proof of Corollary 5
First, we compare the retailer’s profit gain with MFS under the agency model and the
franchise model (i.e., A7% and Ar)’)

st(vp, + v — 4s)?
16t(tf + s(vn — 0))(2tf — s(s — 2up, + 207))

A% — Anlr =

This term is non-negative from Proof of Proposition |§| Therefore, Am§ > Amf;.
Next, we compare the retailer’s profit gain with MFS under the wholesale model and the

franchise model (i.e., Ar%* and A7)

s%(28s% — 20s(vy, + ;) + 3(vn + v1)?)
64t(tf + s(vp — 1)) '

ATY — Arfr = —

Clearly, Am%* > Al if 2852 — 20s(vy + 1) + 3(vp + v1)? < 0 and vice versa.

Proof of Proposition 12

(a) Under the wholesale model, the difference between consumer surplus with and without
the MFS program can be calculated as C'S*™* — (C'S***. Substituting Equations and ,

we get:

8% (on + o — 65)(2tf (vn + v — 28) + 5(65% + svp + Vi — 3su — v}))

wm* __ wb* —
CS Cs 64t(tf + s(vp — v1))?

Clearly, the sign of the term depends on 2t f (vy,+v;—25)+s(65>+sv,+vi—3sv;—v?). Given

that f > —s(gvl_gfh_ﬁs), 2t f (v + v, — 25) + 8(65% + svp, +v7 — 3sv; —vF) > 8(65+3”h_5ﬂ)(68_”h_”’),
which is strictly positive if s < thJ””. Therefore, CS¥™ < (CS*** whenever the retail

platform implements the MFS program under the wholesale model.
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(b) Under the agency model, the difference between consumer surplus with and without
the MFS program can be calculated as C'S4™* —(CS%*. Substituting Equations and [B.9]

we get:

s (vp, + vp — 45)(s%(8s + S, — 11vy) + 4t f (v, + vy — 25))

am* __ abx _
©s ¢s 16t(s(s — 2vp, + 2v;) — 2t f)?

Clearly, C'S®™* > C'S%* if and only if on s?(8s + 5y, — 11v;) + 4t f (v, + v, — 2s) < 0.

(¢) The surplus of any non-member consumer can be calculated as:

vp—p—s vp—p—s
S, = /G(Uh—p—s—t|>\|)d)\+/(1—9)(Uz—p—3_t|)‘|)d>‘
_Vh=P=s v —p=s

Clearly, C'Sy is decreasing in p. We also know that the retail prices are higher with the
MFS program under both the wholesale model and the agency model. Thus, non-members
are worse off with the MF'S program.

(d) Under the wholesale model, the surplus of any consumer without the MFS program

can be calculated as:

o= v=pl=s
C Sy = / O(vp, —p** — s —t | X ])d\ + / (1—0)(v, —p*® —s—t|X])d\
. (2s ji v, — 5v)%(1 — 0) + (25 — vy, + 31};)59
N 64¢ '
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The surplus of any member with the MFS program can be calculated as:

v, _pwm v _pwm
t t

csymr = / O(vp, — ™ —t | A])d\ + / (1=0) (v, —p“™ —t | X |)d\ — M¥™

>0wm

pwm vy —pWm pwm

- ! (8tf + s(6s + Tup, —91}1))(
— [16852;9; 37”(16_ . )t)f + s(vp — 1)
S + s(6s + dvp, — Ty,
+( tf+5(?é/é}vz) (6 ::51}1 ;3;);)2(1 Y
s(6tf + s(6s + dvyp, — Ty
+(5v, — 3u + tf + s(vp, —v)

—[(2s5 4 3vy, — B5uy)?(1 — 0) + (25 — Buy, + 3u;)?0][64¢] !

vp—

s+ v, — ) 50)
— oY

)0][64¢) 7!

It is easily verified that the surplus is higher if and only if 8 > 6“™*, where

v = [128¢2 f2(vy, — vy) + 2t fs(128% + 64svy, + 117vE — 80sv; + 141v7)
+52(125%(3vy, — v;) — 368> + 2(vy, — v;)(53vE — 126w, + T7v})
+s(127v2 — 290v,v; + 15907))]

[16(8¢f + s(65 + Tvp, — 90))(tf + s(vn — v))(vp, — vy)] 7L

Similarly, under the agency model, the surplus of any consumer without the MFS program

can be calculated as:

CSgh+ = / Ovp, —p™® — s —t | \|)dA

_vp— pabfs
t
vlfpabfs
t

+ / (1=0) (v, —p® —s—1t|X])d\

_v— pab—s

(2s + vh —3u)%2 + 8(vp, + v+ 1 —25) (v, — ;)0
16t '
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The surplus of any member with the MFS program can be calculated as:

vp—P v —p
t t

oo — 0o, — p™ —t| A )dA + / (1= 0)(v, — p™ —t | A |)dA — Mom

6>fham
7pa77L 7Lpa/m
t t
s(4tf + s(2s 4 3vp, — 5up)) (s + 20, — 2v;)
= [252 -3
25* + s(vp, — 3u) + S5 — 200 1 20) — 2]

Yh

1 s(4tf + s(2s 4 3v, — 5vy))
+§<Uh_3vl+ (s —2un +20)) —2tf )*(1—0)
2 (v oy 4 S SO 302 500) 1

8 S(S — 2Uh + 21]1) - Qtf

It is easily verified that the surplus is higher if and only if 8 > 6™ where

oo = [128¢2 f2(vy, — vy) + 4t f5(8s% + 2svy, + 55vi — 14(s + vy, ), + TH0}F)
+5%(=32s% + s(5vy, — 11v;)(5vp, — 3v;) + 4s*(vy + 9v;)
+4 (v, — 1) (2307 — 620, + 430}))]
[8(vy, — vp) (8t f + Tsv, — 9svy) (2t f — s(s — 2vp + 2u7))] 7L .
Proof of Proposition 13
Under the wholesale model, the difference between social welfare with and without the
MFS program can be calculated as SW*™ — SW®* . Substituting Equations and [B.3]
we get:

s2(vp, + v — 65)(tf(2s + vy + ;) + 8%(6s + Tvp, — 9y))

wm* __ wbx — —
SW S 64t(tf + S(Uh - Ul))2

Clearly, the sign of the term depends on ¢f(2s + vy, + v;) + s%(6s + Tvy, — 9v;). Given
that 3v, > 5u; — 2s, tf(2s + v + v;) + s%(6s + Tvp, — 9v;) is strictly positive. Therefore,
SWwms < SWwb for any s < ther.

Under the agency model, the difference between social welfare with and without the MF'S

program can be calculated as SW*™* — SW*  Substituting Equations [B.13| and [B.10] we

get:

s3(vp, + v — 48) (40} — 23svy, + 2550, — 4vP — 8L f)

16t(s(s — 2vp + 2u;) — 2t f)? (B.18)

ST am* _ SWab* —
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Clearly, this term is strictly positive if and only if 4v? — 23svy, + 25sv; — 4v? — 8tf > 0
for any s < ”h+vl
Analysis of K Manufacturers in the Marketplace

Under the wholesale model, when there is no MFS, the retail platform’s optimization

problem in stage 2 is formulated as the following;:

wb+Kp vy — pZ
- 2tk
arg max 7t = YK / / Hd/\d0+/ / 1—9d/\d9>( )} .
P wb+prb

T2tk

Solving the first-order conditions, we obtain the equilibrium retail prices in terms of the

wholesale prices:

T 2Ks + 2Kv + 2Kw
b 4K '

In stage 1 of the game, manufacturer ¢+ maximizes his profit by solving for the optimal

wholesale price using the following model:

wb
- sz +sz+1 vi— pz

arg max / / OdrdO + / / (1-6 d/\d9>

t— prb+prb
- 2tk

Solving the first-order conditions, we obtain the wholesale prices in the symmetric equi-

librium:

wpe 1 —2Ks+ 2Ky
: 5K '

Then we get the equilibrium retail profit as follows:

e _ 9(t + 2K (v; — s))? . (B.19)

400t K
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Under the wholesale model, when the retail platform implements the MFS program, its

optimization problem in stage 4 is formulated as the following:

gum I
arg max ™ = = 3F [(/ / fdA\do
Dy
0 t—KplM 4 Kpl™
- ZQtK =
vy — p,L
/ / 1—9d>\d0>( )
t— Kplum-&-KpH_l v — p;um
/ / 9d>\d9+/ / 1-0 dAdG)( W s)
w77L+pr77L wm ,Ul pw7"/
- 2t

+ M Fwm f(l _ 9wm>2 .
Solving the first-order conditions, we obtain the equilibrium retail prices in terms of the
wholesale prices and the membership base given as follows:

et 2K (s + ) + 4K 560 — 2)8U™ 4 2K w™
pz - 4K :

In stage 3 of the game, manufacturer ¢ maximizes its profit by solving for the optimal

wholesale price in the following model:

éwm = Kpi‘);:;Kp,ﬂZ? = pz
arg max " = / / BdAdO + / / (1—6)d\df

' 0 t—Kp'M+Kpi’m
R R

t—Kp"™ +Kpil v — Pl
1 —x%x

n / / N0 + / / (1- d)\de) wm
fwm  t—KplM+Kpm™h wm vy —p;""M P

2tK

Solving the above equation, we can get the wholesale prices in the symmetric equilibrium

as follows:
wme L= 2Ks+ 2Ky,
: 5K ’
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For the marginal member, the expected surplus with the membership can be calculated

as:
= Kp ™+ Kp v —p™
2tK t
i 0o (i = e — | A A+ / (1= 6)(wr = p™ — | A )
t*KP;UerKp;U;’r{' _ ,Ul pwm
2tK t
The expected surplus for the same consumer without the membership can be calculated
as:

t=Kp?" + Kpilh
UK

> | / 0w, — ™ — s — 1| A ax

= Kpim 4 K
2tK

v — p;um s

t

+ (1= 60" (v, — p™ — s —t | A |)dA

vlfpiwmfs
t

The membership fee M*™ equals the surplus gain which is the difference of the above
two equations. Besides the program administration cost f, the profit of the retail platform
consists of three parts: retail platform’s net revenue collected from the manufacturers (NR),
membership fee paid by subscribing consumers (MF), and absorbed shipping cost (SC).

These three parts are calculated as follows:

wm
- sz +sz+1 vi— pz

NRY™ = Y0 1 / / Od\do + / / (1 —6)d\db

wm +prm

- 2tk

t— Kp;”m+Kp§”+"{ v 1%
/ / gd)\d9_|_/ / (1= 6)dxds) (pi™ — wi™)]
Kpim 4 Kpm i
- 2tk
+sz+1 vr™
fum = Kpl 4 Kpl: guwm _v—pi™
- 2tk ¢
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Mme — (1 _ éwm)Mwm .
We can calculate the retail platform profit using the formula 73" = NRY"™ + MF*™ —

scvm — f(1— éwm)Q, and then solve for the optimal membership base given as follows:

V—EK2s(t(10f + 7s) + 6K s(s — v;))
25K 52 '

It is easily verified that §*™* < 1 if and only if £(10f + 7s) + 6K s(s — v;) < 0 and then

éwm* — 1

the equilibrium retail platform profit equals:

£(502 +[7(O];s +295%) | 12(5f +2s)(s —w) | 36K(s — 01)2) . (B.20)
S S t

wm* __ (

TR 900
The retail platform profit gain equals:

(H(10f + 7s) + 6K's(s — w))* (B.21)

A W* —
TR 1001 K 52

Under the agency model, when there is no MFS, manufacturer 7’s optimization problem

in stage 2 is formulated as the following;:

;= Kpl?tJI;KpH—l = pz
arg max m; ab — (/ / (9d)\d(9+/ / (1- d)\d(9> (1 — a) .
Py
0 t— Kpa'b+Kpab I p b_s

2tK

Solving the first-order conditions, we obtain the retail prices in the symmetric equilibrium:

o = 2Ks 4 2K
pi 5K ‘

In stage 1, the retail platform maximizes its profit by choosing the optimal commission
rate subject to each manufacturer’s individual rationality (IR) constraint; that is, the retail

platform solves the following model to choose the commission rate:

t— Kpgb+KP2+1 v — pl
arg max ¢ = K / / DdNdO + / / (1= 0)drdo )piac®| |
t— KpabJerab v —piP—s p b_s

2tk

subject to T >

7 -
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Then we can get the equilibrium commission rate as follows:

50t K2
3(t+2K (v, —s))?

abx __

The equilibrium retail platform profit is calculated as follows:

3(t + 2K (v, — s))?
abx — _ K . B22
Tk 50t K a (B:22)

Under the agency model, when the retail platform implements the MFS program, man-

ufacturer i’s optimization problem in stage 4 is formulated as the following:

gam 7Kp?m+sz+l gam i pz
arg max " / / OdA\do + / / (1 —6)d\db
i
am+Kpam —s
- 2tk
- szaerszJrl - pz
/ / 6d>\d9+/ / (1-0 d>\d6> m(1 — aem) |
ganL am+Kpuxm 9a7n I 2 p

2tk

Solving the first-order conditions, we obtain the retail prices in the symmetric equilibrium:

t + 2Kv + 2K s(o™)fam
L 5K

ams* __

For the marginal member, the expected surplus with the membership can be calculated

as:
t—KP?m‘FKpgﬁ vlfpzq‘m
2tK t
S| / 0 (o — p§™ — [ X [)dA+ / (1= ") (v = pf™ — £ | A )dA
t—Kp?m-&-Kpr’l”l - pam
T2tk t
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The expected surplus for the same consumer without the membership can be calculated

as:
am am
t—Kpi " +Kpiy
K

oy / 0 (= ™ — 5 — £ A )dA

KP4y
2tK

The membership fee M*™ equals the surplus gain which is the difference of the above
two equations. Besides the program administration cost f, the profit of the retail platform
consists of three parts: retail platform’s net revenue collected from the manufacturers (NR),
membership fee paid by subscribing consumers (MF), and absorbed shipping cost (SC).

These three parts are calculated as follows:

Kpf™+Kp{

vi— pz s
eum — ik eam
NRm = K / / 9d>\d0+/ / (1— 6)dAdo
am+Kpam
- 2tk
- KplzlerKpH»l Vi~ pz

1

+/ / Hd)\d6+/ / (1= 0)andd)pim — ) |

fgam  t—KplT+Kpdm
- 2tK

t— Kp;lm+Kpl+1 vy — p,L
Scom = K / / 0dNdY + / / (1= 6)drdd)s| .
am+Kpam

- 2tk
MFam — (1 _ éam)Mam .
We can calculate the retail platform profit using the formula 7" = NR*" + M F*™ —

SC™ — f(1— é“m)z, and then solve for the optimal membership base given as follows:

jume _ 1 _ V=K ((50] +235) + 54K 5(s — w))
B AK s?
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It is easily verified that §™* < 1 if and only if £(50f + 23s) 4+ 54K s(s —v;) < 0 and then

the equilibrium retail platform profit equals:

s 1 t(100f2 +92fs + 25s%)  216f(s —v;) 132K (s —v;)?
T = a(845—|— oo + . + ; — 84v;) — K .
(B.23)
The retail platform profit gain equals:
)2
Arss — (t(50f + 23s) + 54Ks(s — vy)) . (B.24)

1600t K s2

Proof of Proposition 14
(a) To ensure interior solutions, we assume t(10f 4 7s) + 6K s(s —v;) < 0. The difference

between the retail platform profit gain under the agency model and that under the wholesale

model can be calculated by taking the difference of Equations |B.24] and |B.21| as follows:

3(t(10f + 3s) + 14K s(s — v))(¢(70f + 37s) + 66 Ks(s — v;)) '

ATl — AR = 16001 K 52

It is easy to see that t(10f + 3s) + 14Ks(s — v;) < t(10f + 7s) + 6Ks(s — v) < 0,
given that t(10f + 7s) + 6Ks(s — v;) < 0. Similarly, ¢(70f + 37s) + 66Ks(s — v;)) <
t(70f +49s) + 42K s(s — v;) < 0. Therefore An% — Anp* > 0 is true.

(b) 6(Aﬂ%;[_fﬂ%*) = 69351%62”)2 — 3t(10f1233)1£722£+375). From t(10f + 7s) + 6 Ks(s —v;) < 0, we

t(10f+7s) O(ATE —ATE*) 9(f+35)(70f+43s)(s—v;)?
know that K > 6s(0—5) " Thus, B —0=> 56(10175)2 = > 0.

Analysis of Membership-based Price Discrimination
Under the wholesale model, when there is no MFS, the equilibrium outcomes remain the

same as those of the main model. When the retail platform implements the MFS program,
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its optimization problem in stage 4 is formulated as the following:

Yh—Pn —S Pn -

ewrn
arg Imax T = / / Hd)\d(9+/ / (1— d)xd@)( — w"™)
Vh—=Pm" Pm v =P pi‘,’[”
/ / fdNdf + / / (1- dAdQ)( — P )
,gwm Yh—Pm Pm ,gwm vi—Pm Pm

—|—Mme _ f(l _ ewm)Q )

Solving the first-order conditions, we obtain the equilibrium retail prices for members

and non-members as follows:

(vh — )0Y™ + 2(w"™ + vy — 5)

b = 1 )
pum — (vp, — vl)éwm +vp + v+ 2(w™ + s)

4
It is easy to see that p;™ — pp™ = “7* + s > s. Therefore, no consumer would join the
membership program under the wholesale model if price discrimination is anticipated.
Similarly, under the agency model, when there is no MFS, the equilibrium outcomes
remain the same as those of the main model. When the retail platform implements the MFS

program, the manufacturer’s optimization problem in stage 4 is formulated as the following:

Yy =Pn —S pn
arg max i = / / Od\do + / / (1-— d)\dﬁ) (1 — ™)
1 Uh—franm 1 ”z—f?nm
+(/ / BdNd6 + / / (1- 6’)d>\d9>p;‘nm(1 —am) |
éam 7vh7p7anm éam 71)17;,%7%

t t
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Solving the first-order conditions, we obtain the equilibrium retail prices for members

and non-members as follows:

amx (Uh — Ul)éam + Q(UZ — S)
by = 1 )

(Uh — Ul)éam + v + U
1 .

anmn*

D =

For the marginal member, the expected surplus with the membership can be calculated

as:
Uh =P v =pm"
t t
0" (o, — " =t A A+ / (1= 0"") (v — pi" =t | A[)dA
v —pEm vy "
t t
The expected surplus for the same consumer without the membership can be calculated
as:

vy —pa—s v —pdT—s

0o (v, — pom — s —t | A )dA + / (1 — 69 (v, — pP™ — s —t | A |)dX
The membership fee M*™ equals the surplus gain which is the difference of the above
two equations. Besides the program administration cost f, the profit of the retail platform
consists of three parts: retail platform’s net revenue collected from the manufacturers (NR),
membership fee paid by subscribing consumers (MF'), and absorbed shipping cost (SC).

These three parts are calculated as follows:

VYh—Ppn —S T"n Yy =Pp —S pn
NRom — / / 0dNdO + / / (1-6 d/\d9>
_vp—PR " —s pn —s _ Yy —pRp"t—s pn —s
Yh—Pm pm Y =Pm pm
/ / dNdO + / / (1-6 dAdG)
am _ Vp—Pm pm _ V= Pm Pm
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Yh=Pm pm Vi =Pm pm

SCam — / / 0dNdO + / / (1-0 dAdG)

am _ VR —Pm Pm _ Y —Pm " pm
MF®™ = (1 — 6§ Mem
We can calculate the retail platform profit using the formula 74" = NRY" + M F*™ —
SCom — f(1— é“m)z, and then solve for the optimal membership base given as follows:

23t f + 12s* + 4s(3vy, — 5v;) — (5vp, — 9up) (v, — vy)
8(4tf + (v, — vy)(3s — vy +vy))

~
eam* I

We further verify the second-order condition:

§2ram (vp, — vp)(vp, — v — 3s)
ey = (275 —-2f <0
for any f > (vp— vz)(jj v — 38)

Meanwhile, we know that 0™ < 1 requires 5= < s < %. Assume it is the case,

then the equilibrium retail platform profit equals:
Tt = [144s* + 9653 (vy, — 3v;) + 8s(vp, — ) (190} + 24v,u; — 307)
+852(31v? + 1dvpv; — 37v3) — (v, — v7)%(23v2 + 58vpv; + 31v7)
+128t f (vp, + vy — 28)?][256t (4t f + (v, — v)(B3s —vp +v))] L — 1 .
The retail platform profit gain equals:

(v, + v — 25)%(3vp, + v; — 65)?

AT = >0. B.25
TR 256t(4tf + (v, — v1)(3s — v + vy) ( )
Meanwhile, we can verify that p»™ — pi™ = %l”s < s so that subscribing consumers’

IC constraint is satisfied.

Proof of Lemma 7

Clearly from the above analysis, we know that no consumer will join the MFS program
under the wholesale model if the retail platform does not commit to no price discrimination.

In order to induce consumer participation, the retail platform has to commit not to price
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discriminate based on membership status. In contrast, under the agency model, the retail
platform will choose to make the commitment when the profit gain from MFS implementa-
tion under no price discrimination given by Equation is higher than that under price
discrimination given by Equation [B.25} otherwise it will not make the commitment, and
price discrimination would occur in the equilibrium.

Proof of Proposition 15

(a) The retail platform will commit to no price discrimination under the wholesale model
when it is profitable to implement the MFS program as in the main model. Under the agency
model, if the retail platform also commits to no price discrimination, we know the profit gain
from implementing the MFS program is higher under the agency model than that under the
wholesale model, as illustrated by Proposition [I0] On the other hand, if the retail platform
chooses not to make the commitment under the agency model, it must be true that the
profit gain from MFS implementation under price discrimination is higher than the profit
gain from MFS implementation without price discrimination, which is still higher than the
profit gain from MFS implementation under the wholesale model. Therefore, regardless of
whether the retail platform commits to no price discrimination or not, the profit gain from
implementing the MFS program is higher under the agency model than under the wholesale
model.

(b) We know from Proposition |§] that without price discrimination the retail platform will

Vp TV

- Meanwhile, under price discrimination,

implement the MFS program if and only if s <
the retail platform will implements the ME'S program if and only if *27* < s < w. It is
easily verified that % > ”hTJr”l. Thus, the ability to commit to price discrimination or not
enlarges the parameter space where the retail platform implements the MFS program under
the agency model.

Analysis of Perks in addition to Free Shipping under MFS

Under the wholesale model, when there is no MFS, the equilibrium outcomes remain the

same as those of the main model. When the retail platform implements the MFS program,
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a consumer’s participation decision is driven by the summation of the surplus gain related
to purchases and her valuation towards the additional perks from the MFS program. Con-
sequently, the marginal member’s type 6 depends on her valuation towards the additional
perks v. Denoting the marginal member with v = 0 as ég’m, and then the type of any

marginal member éi/"m can be derived by solving the following equation:

é;m(vh —pPm —t | A )N + / (1— é;vm)(vl —pPm —t | A [)dA

,Uhipwm v _pwm
t t

= éé”m(vh —pU —t | A])dN + / (1-— éé”m)(vl —p¥" —t | A])dA

_vp—pWm _y—ptm
t wm t
Vp—P —s
- / O (v, — p™ — s — ¢ | X |)dA
7vh,pwm,
t
'vlfpu”nfs
t
— / (1= 0wy (v, — p*™ —s —t | A |)dA .
v —pWM —s

t

Solving the above equation yields é;”m = éé”m — which is the type, in terms of

_ty
2s(vp—vy)”

6, of marginal member of type 7.
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In stage 4 of the game, the retail platform’s optimization problem is formulated as the

following;:

r awm Yh—P  —S p

arg max mg" = / / / —d)xd@dfy
p'LUTTL

r ewm vy—p  —s p

gl
e 7

0 gwm Pu”n

% ardva )( m_gyem)

wm

/// dAd&d)( m g )

0 gwm_vf

M f( / / %d9d7>2

Solving the first-order condition, we obtain the equilibrium retail price in terms of the

wholesale price and the membership base given as follows:

0 + (vp — 0)(25 4+ vp + vy + 20™™) — 4s(v, — v)0E™
4(’Uh — Ul) .

wWM* __

We further verify the second-order condition:




In stage 3 of the game, the manufacturer maximizes its profit by solving for the optimal

wholesale price in the following model:

wm

me Yp—P  —S p —s ewm o A p
arg max " = // / —d)xd@d’y+// / d)xd@d
_ vy —pWTM—s p
vp—p " p
/ / / —d>\d9d~y+ / / / 0=9 \ava )
0 gwm_v wm 0 ewm_v—

Solving the above equation, we can get the equilibrium wholesale price as follows:

Uh+Ul—28
4

wm* __

We also verify the second-order condition on the manufacturer’s sides:

O*miym 2
=-<0.
awwm2 t

For the marginal member with v = 0, the expected surplus with the membership can be

calculated as:

vhipwm vlfpwm
/ 0w (v, — p™™ — ¢ | A |)dX + / (1 — 0wy (v, — p™ —t | X |)dX
_vp—p?™ _y—pm™m

as:
Uh—pzvm-s vl—p:)m—s
/ 0w (v — p"™ — s —t | A |)dX + / (1= 0¥ (v, — p™ —s —t | A |)dA
op Sp s A

The membership fee M™™ equals the surplus gain which is the difference of the above

two equations. Besides the program administration cost f, the profit of the retail platform
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consists of three parts: retail platform’s net revenue collected from the manufacturers (NR),
membership fee paid by subscribing consumers (MF), and absorbed shipping cost (SC).

These three parts are calculated as follows:

R p gym werinee
NRY™ = // / —dz\d@dv—i—// / d)\de
/ / / —d)\ded7+ / / / 0=9) b )( m_gemy
0 ewmiv pwm 0 ewmi'”*
roq o e p u=ett
0 1—6
SCwm — (// / fd)\ded7+// / ( . )d)\ded”y)s
fm _ op—p 0 gum _m-p™
Mo / / L i) arere
0 gwm
We can calculate the retail platform profit using the formula 73™ = NRY™ + M F*™ —

1 2
scvm—f ( / / fd9d7> , and then solve for the optimal membership base given as follows:

2t t(f +20) + 2s(vp — 3s)
s(vn — vr) tf —s(vn —u)

A 1
ewm*: _9
0 8[ +

For any interior solution 2™ < 1, it has to be the case that T' < & (vh+”l2t§;)(”h - We

also know that I' > 0. Thus, we must have s < WTJ“”‘.

We further verify the second-order condition:

8{#%’” _ _Qtf + S(’Uh - Ul) <0.
0fym2 t
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The equilibrium retail platform profit equals:
= [43fT2% + 16t2sT%(vy, — vy) + 6ts(vp, — vy) (28T (vp + vy — 68) + f(vp + v — 25)?)

Fiﬁgm* —
+3s% (v, — 17)(368% — s(Tvp, — 9vy) (vi, + v;) + 2(v, — vp) (vp, + v7)?
—482(vp, + 50)|[192ts(tf + s(vp, — vp))(vp, — vp)]
The retail platform profit gain equals:
(B.26)

A = [483 fT? + 16t2s0% (v, — vy) + 12¢s°T(vp, + vy — 65) (v, — V1)
+3s% (v, — vp) (v, + vp — 68)%][192ts(tf + s(vy — v))) (vn — )]t > 0,

v+ v
for any s < l —g h
Similarly, under the agency model, when there is no MFS, the equilibrium outcomes

remain the same as those of the main model. When the retail platform implements the

MF'S program, denoting the marginal member with v = 0 as égm, and then the type of any

v _pam
t

marginal member éf/m can be derived by solving the following equation:

(1 — 69 (v — p™™ —t | A |)dA

,Uhipam
e (g, — p™™ — | A |)d\ +
7vh,pam 71}[7;0‘"”
t t
vh—pam—s
t
- 0o (v, — p™™ — s —t | X |)dA
_Uh,pam,
vl—pa‘m—s
t
- (1= 62m) (v — p™™ — s —t | X |)dA +
_vl—pam—s
t
'uh—pam v — am
t t
= fam (v, — p™™ — ¢ | X |)dA + (1 —609m) (v, — p™™ — ¢ | X |)dA
7vh_pam 7vl_pam
t
,Uhipamis Ulipamis
— gam (v, — p™™ — s —t | A |)dA — (1 —609m) (v, — p™™ — s —t | A |)dA
1)h,pam,S 7vl,pam,5
t




t—
2s(vp—vy)

Solving the above equation yields éﬁm = égm — which is the type, in terms of 6,
of marginal member of type 7.

In stage 4 of the game, the manufacturer’s optimization problem is formulated as the
following;:

gam Yh—P  —S p gam vy—p  —Ss p

r r

arg max i = // / —d)xd@d’y—l— // / d)\de
pam
_ vy —p?M—s p

v —p~ p

o / poms | | /

Solving the first-order condition, we obtain the equilibrium retail price:

%) irdd ) m(1— a@m) |

1 .
amx — 2 (9 — 4gfam)
P 3 (Uh+vl)+vh_vl sog™)
We further verify the second-order condition:
82 am 4(1 = qom
My _4l-a™m) o
apamZ t

For the marginal member with v = 0, the expected surplus with the membership can be

calculated as:

O6™ (vn = p™™ =t | X [)dA + (1= 0™) (v = p™™ — | A [)dA

vy —pam

t

The expected surplus for the same consumer without the membership can be calculated

as:

1)hipamiS Ulipamis

0 (v, — p*™ — s —t | A |)dA + / (1 —09™) (v, — p™™ — s —t | X |)d\

—s v —p
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The membership fee M*™ equals the surplus gain which is the difference of the above
two equations. Besides the program administration cost f, the profit of the retail platform
consists of three parts: retail platform’s net revenue collected from the manufacturers (NR),
membership fee paid by subscribing consumers (MF), and absorbed shipping cost (SC).
These three parts are calculated as follows:

lga'm e ;D eam vy—p " —s P

r r

SR
SN

d)\d@d

0 Qam Yp P pam 0 gn.m vy —p7 pam
SCam — / / / —dAd0d7+ / / / % ardod )

v —pam pam v —pam pam

ro1
1

M Fom — ( / / fded'y)]\/[“m.

0 éam
We can calculate the retail platform profit using the formula 73" = NR*" + M F*" —

1 2
SCcm— f < / / fdé’dv) , and then solve for the optimal membership base given as follows:

0 é%m

tI' 2t(f +T) + s(4vp, — 9s)
s(on—v)  2tf — s(s — 2up, + 2u))

; 1
ogm = Z<5 +

We further verify the second-order condition:

Pyt s(s —2u, + 2u)
o6y t

_of .

It requires f > %’;Hvl) for the solution to be local maximum.
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The equilibrium retail platform profit equals:
Ty = 283 fT? — t2sT%(s — 8up, + 8vy) + 12ts(vy, — vy) (sT(vp, + vy — 48) + f(vp + v — 25)?)
+1282(vp, — 1) (65 + 25% (v, — 3v;) + (v, — v)) (v, + ) + 4s(vf — v}))]
[48ts (v, — vy)(2tf — s(s — 2up + 20))] 7L — 1 .
The retail platform profit gain equals:
Arsr = 263 fT% + 12T (vy, + vy — 45) (v, — vy) + 653 (vy, — vp) (vp, + v — 45)?

—125T2(s — 8up, + 8uy)][48ts(vy, — ) (2tf — s(s — 2up, +2uy))] "1 >0,  (B.27)

s(s—2vp+2v;)
Jor any f > =—=—.

Proof of Proposition 16

s(s—2vp+2v;)

o , the difference

(a) Given the analysis above, assuming s < ”hTJr”l and f >
between the retail platform profit gain under the agency model and that under the wholesale

model can be calculated by taking the difference of Equations [B.27] and |B.26] as follows:

ATE — Are* = [4t28* T2 + sT(8t2 f (vp, + v — 25) — 4ts(6s% + 3svy, — 207 — Hsv; + 20v}))
+52(2tf (25 — vy — ;) (14s — 3(vp + 1)) + $(365% + s%(44v), — 68v;)
—5(39vy, — 41v) (vy, + vy) + 6(vy, — v) (v + 11)?))]
[64L(tf + s(vp, —v))(2tf — s(s — 205 + 207)] 7" .
Clearly, the denominator is positive. The numerator is a quadratic function of I' with U

shape. Thus, we know that Ar% — Ar%* < 0 if and only if L < T' < T, where

1
r= TER <2t2f(2s — v, — vy) + t8(65% + 3svy, — 207 — s + 20})
s

—/22(tf + s(vp, — ) (vp, + v — 28)2(2tf — s(s — vy, + 2"0;))) :

)
1
— <2t2f(2s — v, — vy) + t5(65% + 3svy, — 207 — s + 20})
)

=
I

2t%s
+/22(tf + s(vp, — v)) (v, + v — 28)2(2tf — s(s — vy, + 221;))) :

It is easily verified that 6s* + 3sv, — 2uf — bsv; + 2vf < 0, given that s < 5%, Thus,

2t2f(2s — vy, — vy) + ts(65% + 3svy, — 203 — Bsv; + 207) < 0. Similarly, we can show that

| 262 (25 — vy, — vy) + ts(65 + 3sv, — 203 — Bsy + 207) |>

V262 (tf + s(un — vp)) (on + v — 28)2(2tf — s(s — 2up, + 20;))
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In that case, we know that I' < 0 and therefore for any I' > 0 it must be the case that
ArE — At > 0.
(b) The derivative of the difference in retail platform profit gain with respect to the

valuation towards additional perks equals:

I(ATE — Amp*)  s(s(2vf — 65 — 3suy, + 5svy — 207) + 2t(sT + f(vp + v — 25))) .

or 16(tf + s(vp, —w))(2tf — s(s — 2v, + 20;))

Clearly, the denominator is strictly positive given that f > %}tﬁ%” and 2v? — 6s* —

3svp, + bsv; — 202 < 0 for any s < ”””l . Thus, w > 0.
Analysis of Lower Shipping Cost for Retailer compared to Consumers
Under the wholesale model, when there is no MFS, the equilibrium outcomes remain the

same as those of the main model. When the retail platform implements the MFS program,

its optimization problem in stage 4 is formulated as following:

arg max U™ = / / fdNdO + / / (1-0) dAd@)( wm)
pwm

_vp—pWM—s pwm_s oy —pWMm—s pwm_s

/ / Hd)\d0+/ / (1-0 d>\d0>( m )

pU) m

+ M Fwm f(l _ gwm)Q .
Solving the first-order condition, we obtain the equilibrium retail price:

Op 4 U+ 200™ 4 25y — 25(1 + ~)0™
4

The manufacturer’s optimization problem in stage 3 is given by the following:

WM *

p —=

éwm Uhip’:]mis éwm vlfpvjmf‘s
arg max w" = ( / / fdNdo + / / (1 — 0)ddd
0 vp—pWM-—s 0 vy —pWm-s
t t
vy —p™ vy —p?™
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Plugging in the equilibrium retail price and solving the first-order condition, we obtain

the equilibrium wholesale price:

~

vp + v — 28y — 28(1 — )™
1 :

wm* __

w

Following the similar procedure of the main model, we can write down the retail platform

profit as:
1

TR = o ((uh +u)* = 32tf —4s*(8 + (4 — 7)) — 4s(vp(6 4+ ) — v (10 — 7))

FA0U (16t f + s((Ton, — 90) (3 — ) +25(2 — ) (5 + 7))

(8t + 5(8(0n — v)(2 = 1)+ 5(1 = 1) (11 +7)))d )
Solving the first-order condition with respect to gum yields:

16tf + s((7Tvp, —9u)(3 =) +2s(2—=)(5+ 7))
16t f 4 25(8(vp —v)(2—7) + s(1 — )11 +7))

~
wm* __

It is easily verified that the interior solution requires f > S(mh79”)(77;’%;23(277)(“7)) and

(s < vh(nfﬁ);fgw%s’) and 14y — 2 > 0) or 14y — 2 < 0].

Then we can get 74™ from the equilibrium outcomes and 7%** from the main model,

from which the retail platform profit gain can be obtained as the following:

s2(u(5 — Ty) + 2s(7y — 1) + vy (97 — 11))?
32t(8tf + s(8(vn —v)(2 =) + s(1 =) (11 +7)))

w* __
ATg* =

Under the agency model, when there is no MFS, the equilibrium outcomes remain the
same as those of the main model. When the retail platform implements the MFS program,

the manufacturer’s optimization problem in stage 4 is formulated as following:

éam 7’0}‘712 - éam Ulipt =S
arg max i = (/ / Od\do + / / (1 —6)d\db
pam
0  vp—p9M-—s 0 vy —p?-—s
t
Uhftpam . “lffam

+/ / Gd)\d9+/ / (I—Q)d)\d9>p“m(1—a“m).

éam _ ’Uh*Pam éam _Yy —pam
t t
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Solving the first-order condition, we obtain the equilibrium retail price:

vy + U — QSéam
4

Under the new configuration, we can derive the absorbed shipping cost (SC) as:

/ (1— Q)d)\d9>vs ,

Following the similar procedure of the main model, we can write down the retail platform

am* __

v

vy —p
t

1

- 1
SCam — ( / / 0N + /
am éam

éam _Yp—P
t

profit as:
1 ~
TR = St <<Uh + ) — 85 — ds(up, — 3uy + (vn +v1)y) — 8Lf + 409" (4L f + 4s(s + v — 2u7)
—5(2s + v, — 3u)y — (2tf + s(s + 4vp, — 4y — 2(s + v, — Ul)’Y))éam)) — K-

Solving the first-order condition with respect to gom yields:

Atf + 4s(s + vy — 2u) — $(2s + v — 3v)y
Atf + 2s(s + 2(vp, — vy) (2 — 7y) — 257)

s(vi(8=37)+vn(v—4)+25(y—2)) and
4t

A
eam* _

It is easily verified that the interior solution requires f >

dvp —3vpy+vy
§< Ty

ams abx

Then we can get 7%™* from the equilibrium outcomes and 7%* from the main model,

from which the retail platform profit gain can be obtained as the following:

5%(25(1 +7) — vy + va(3y — 4))?
BL(2tf + s(s+2(vh — ) (2—7) —2s7))

Proof of Proposition 17

a*x __
AmE =

Let’s denote Ar?

R where i € {a,w}, as the retailer profit gain from the MFS program

with membership base represented by 6 under each pricing model.

AT e = A = L (0 05— 39) — s(8 )(1— )
TR )
> M=) (s~ 39) = s((B =)~ ) + (7 = 92+ V)]
> 0
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Therefore, we have Ar%" = Ar Rjfam~ = A

a w _ wW*
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APPENDIX C

SUPPLEMENTAL MATERIAL FOR CHAPTER 4

Proof of Lemma 8

The first-order conditions for manufacturer’s optimization problem in stage 1 are given

by the following:

Omy (1= a)(t(1 —0) +20(v — s) — 2(1 + O)pif + 2(1 — O)pig) (1 — o)y + o)

b = = 0 Y
ngf 2t
Oy (1= )1~ 0) + 200~ 5) — 201+ O)pls + 20— (1~ )mtom) _,
opls 2t -

Solving the above two equations simultaneously, we obtain the equilibrium retail prices
given as follows:

bek bex

t(1 —0)+20(v, — s
Py =P = ( ) (l )

46

The demand functions for the two retailers are given by:

v —pY — s t—ph+
D= ((1—o)m+om)(0——LA"2 4 (1 —g)=—LaTPs)

t gt
v —ply — s t—ph+pb
Dl = (L= o)y +om)(0=—"0—= + (1 - ) — 254,

Substituting the equilibrium retail prices, we get equilibrium manufacturer profit as fol-

lows:

e _ (L= @)(t(1 = 0)” +260(v — 5))*((1 = o)y + o)
M 8t0 '

Similarly, we can get the equilibrium retailer profits:

tH(1—6)*+20(v, — 5))*((1 — +
mbor — bex a(t( ) (v 16;)) (1 =0)yn +om) ' (C.1)

188



Proof of Lemma 9
The first-order conditions for the manufacturer’s optimization problem in stage 3 are
given by the following:

ac
ony

Sl = [(1= a)((1 = 0)(20u — 201+ O)p5 + (1 — O) (¢t + 5+ 2p))
+o(t(1 —0) — 250 — 2(1 + 0)p% + 2(1 — 0)pfs + 20v)y)][2t] ' =0 .

T = (1= a)((1 = 0)(200 — 21+ O)pfs + (1 = O)(¢ + 5+ 2p%))yn
+o(t(l —6) — 250 — 2(1 + 0)p% + 2(1 — 0)p% + 20u)v)][2t] ' =0 .

Solving the above two equations simultaneously, we obtain the equilibrium retail prices

as follows:
wor (1 —0)+20(v; — 5) N s(1—o)y,
40 2(1 — o)y, + 207y
e t(1—6)+20(v, — s)
P = 40 :

The demand functions for the two retailers are given by:

D= (1- o044 (- g T TALTE
com(@P TP TS g gl PA PR

Dy = (1_0)%(9%+(1_9)t_5_221%c+17%)
+0_%(9% +(1- 9)#) .

Substituting the equilibrium retail prices, we get equilibrium manufacturer profit as fol-

lows:

7 = [(1—a)((t(1 —8)+20(v, — s))((c — 1)(2s6(1 + 0) + ¢t(1 — 6)(1 — 36)

+2(1 = 30)0v)yn + o (1 —30)(t(1 — ) + 20(v; — 5))7))][32t6%] !
N (1+0)(1—o)(t(1 = 0) + 20v)v, + o(t(1 — ) + 20(v;, — 5))7)?
32t0%((1 — o)y + ov1) '

Similarly, we get equilibrium profit for retailer B as follows:

75 = [Ja(t(l—60)+20(v,— s))((1 —0o)(t —s—0(s+ 1)+ 20v)y,

+a(t(1 —0) + 20(v; — s))y)][16t6] ! .

(C.2)
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The profit of retailer A consists of three parts: retailer’s commission revenue collected
from the manufacturer (CR), membership fee paid by subscribing consumers (MF), and

absorbed shipping cost (SC). These three parts are calculated as follows:

’U—ac—S t— ac+ ac

R e
t+s—pik+pE

2t

v — Py

+(1 = a)ym(0 +(1—0) ))pka .
t+s—pi +F
ot

SCa = (1— o)y(02 _tpA +(1-6) )s .
MF%® = (1— o)Méc .

Calculating retailer A’s profit using the formula 74 = CRY + M F{¢ — SC°, we obtain:

it = [a((1 = o) (t(1 = 0) + 20u)y + o (t(1 = 0) +20(v — 8)) ) (L — o)((t + 5)(1 - )

+20v) v + o (t(1 = 0) + 20(v, — 8)))][16((1 — o)y, + om)] ™
A1+ 0)(1 = o)
16t

(C.3)
Proof of Proposition 18
Retailer B’s profit gain Ar%e* = 7%* — rl%*. Substituting its equilibrium profits, we get

its equilibrium profit gain as follows:

aves _ (1 =0)(1 = o) (t(1 = 0) +26(v; — 5))
A = — 1660 <0. (C4)

Retailer A’s profit gain And®* = 79 — 7%*. Substituting its equilibrium profits, we get

its equilibrium profit gain as follows:

Aﬂ_abc* — _2(1 - U)’yh(Q(l + 9 + ae)(l - 0)7h + (2 + o+ 29 + 3049)0’7[)82
! (1 =)y + o (C.5)
a(l+30)(1 —o)(t(1 — 6) + 20v),
+ 7 S .

Here, Am%* is a quadratic function of s with an inverted-U shape. Simple algebraic

transformation shows that retailer A’s profit gain is positive if and only if 0 < s < 5°.
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Proof of Lemma 10
The first-order conditions for the manufacturer’s optimization problem in stage 3 are

given by the following:

OMhh — (1= a)(1 — o)(1 — 6)(t +205) — 201+ O)p +20u)
DA

Fo(t(1— 0) — 250 — 2(1 + 0)pss + 2(1 — O)pis + 20v))][2] L = 0 ,
T — (1= a){(1 = (L= e+ 205) = 201+ O+ 2000

Fo(t(1 — 0) — 250 — 2(1 + 0)pss + 2(1 — O)psc + 20u)y)][2] "L =0 .

Solving the above two equations simultaneously, we obtain the equilibrium retail prices

as follows:

— — 1— O’)’}/h
SCK __ SCk __ dt(l 0)+20(v;—s) 8( .
Pa = 10 2(1 = o)y + 207

The demand functions for the two retailers are given by:

D = (L=o)m(0* + (1 - 0) =)

Fon(BES 4 (1 - ) )

Dy = (1—o)m(0U=LE 4 (1 — §)2EHPA

oy (9UEE=S 4 (1 — g) LBy

Substituting the equilibrium retail prices, we get equilibrium manufacturer profit as fol-

lows:

Scx __

T =

(1 —a)((1 —0o)(t(1 —0) + 20v)y, + a(t(1 — 0) + 20(v; — 8))n)?
8t0((1 — o)yn + om) '

The profit of retailer A consists of three parts: retailer’s commission revenue collected
from the manufacturer (CR), membership fee paid by subscribing consumers (MF), and
absorbed shipping cost (SC). These three parts are calculated as follows:

v — P3¢ — g t — pS¢ + ps
ORf = (om(0=—A—+ (1 —6)—2—12)

t
v — psc t = psc + psc
H(1 = o0 4 (11— g) AT

+(1- pia .
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_ SC t — ps¢ sc
SCx = (1— o) —Fh + (1 -9 —LATEE)

MFs = (1-o0)M5 .

Calculating retailer A’s profit using the formula 7% = CRY + M F3° — SC%°, we obtain:

a((1—=o)(t(1 = 0) + 20u)v, + o(t(1 — ) + 20(v; — 5))7)?

16 1—0 h av
1oy T (C6)

16t

Due to symmetry between the retailers, following a similar approach, we can get retailer

sck __
™

B’s equilibrium profit as:
a((1=o)(t(1 = 0) 4+ 20v)y, + o(t(1 — 6) + 20(v; — 5)))?

warn-om 7

16t
Proof of Proposition 19

TE =

Retailer A or B’s profit gain A = 75 — 7% where i = A or B. Substituting the

equilibrium profits, we get its equilibrium profit gain as follows:

af
Aot _ L 7w A0+ 00+ 5 ) ) all— o) (1~ 0) + 20u)
™= = m s° + " S

(C.8)

Here, A7 is a quadratic function of s with an inverted-U shape. Simple algebraic

transformation shows that retailer A or B’s profit gain is positive if and only if 0 < s < 5°.
Proof of Proposition 20

Proposition (L8| suggests that if one retailer chooses not to implement the MF'S program,

the other retailer’s best response is to implement the MFS program if and only if s < 5%

Conversely, if one retailer chooses to implement the MF'S program, the other retailer’s payoff

is ™ if it chooses not to implement the MFS program, and 73 if it implements the MFS

program as well. The profit difference cal be calculated as follows:

(1= o)m(2+a)(1+6) + =)

acx 1—0)yp+ov

Amge =" — it = — ;
a(l+36)(1 — 0)(75%1 —0) + 20u),
+ S .
16t0
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Here, Am¥®* is a quadratic function of s with an inverted-U shape. Simple algebraic
transformation shows that Az > 0 if and only if 0 < s < s°. Therefore, if one retailer
chooses to implement the MFS program, the other retailer’s best response is to implement

the MFS program if and only if s < s°. Next, we show that ¢ > s by taking the difference

of the two terms:

5¢—s¢= [a?(1—=0)(1+30)(1 —o)(t(1 = 0) + 20u)v((1 — o)y, + o)
2002+ )1+ 0)(1 — o)y + (24 a + 20 + 3ab)oy)

21 +0+ab)(1—0)ym+ (24 a+20+3ab)oy)| " .

It is easy to see that the term is positive, so 3¢ > s¢ holds and the equilibria specified by
Proposition [20] are valid.

Proof of Proposition 21

By Proposition [19] we know that both retailers are better off with the MF'S program in
the case of MM if and only if s < §°. Moreover, Proposition [20] tells us MM is the equilibrium

if and only if s < s°. Then, we show that 5° < s by taking the difference of the two terms:

s¢=5 = [a(l=0)(t1 - 6) +20v)((1 — o)y + on) (1 + (1 = a)0)(1 = o)y + (1 + O)om)]
20((1+ 0+ af)(1 — o)y, + (1 + 0 + 2a0)o)

(2+a)1+0) (1 —0)y+ (2+a+20+3ab)oy)] ' .

It is easy to see that the term is positive, so 5 < s¢ holds and Proposition [21|is proved.
Proof of Proposition 22
When there is no MFS, the retailer’s profit can be calculated as:

a(t(l = 0)* +20(v — 5))*(1 = o)y + o)
8to )

bmx __ _bcx bex
TR =Ty +Tp =
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In the case of asymmetric implementation, the retailer’s profit can be calculated as:

T =0 + i = |a((1— o) (81 — 0) + 20u)y, + o(t — (t + 25)0 + 20v,)7)
(L =0o)((t+ s)(1 = 0) 4 20v)y, + ot — (t + 25)0 + 260v;)v)]
[0((1 — o)y + o))t + [a(t(l — 0) — 250 + 20u))
(1=o)(t—s—(t+5)0—200)y, + ot — (t+ 2s)8 + 260v,)y,)]
0] — 452(1 + 6)(1 — a)fyh} [16t] -

In the case of symmetric implementation, the retailer’s profit can be calculated as:

o — ook | o _ a((1—a)(t(1 = 0) + 20v)y, + o(t(1 — ) + 20(v; — 5))7)?
R A B 8t((1 — o)yn + o)
452(1 4+ 60)(1 — o), .

8t
Then we can show that:
o _ b _ (1—)m((2—a+20+3a0)(1—0)y, +2(14+0+ 2040)71)52
R R 8t((1 — o)yn + o)
a(l —o)(t(1 —0) + 260v) v,
+ S .
4t
o s 1=0)m(2+a)1+0)(1—0)wm+2(1+6+2ab)ovy) ,

8 1—0 h g
+a(1 —o)(t(1—0) —i—tg(le)fyh):. rom)

4t

It is very easy to verify that 7% > 7%"* if and only if 0 < s < 3™ and 7™ > 78" if

and only if 0 < s < s™. Newt, we also know that:

E

— ™= [4a*(1—=0)(1 —o)(t(1 —0) + 20v)v,((1 — o)vn + ov1)]
(24 a)(1+0)(1 — o)y +2(1+ 0+ 2ab)oy)
((2—=a+20+3a0)(1 — o)y +2(1 + 60 + 2a0)oy)] .

Clearly, this term is positive, so s™ < s™ and the statements of Proposition [22| hold true.

194



REFERENCES

Abhishek, V., K. Jerath, and Z. J. Zhang (2015). Agency selling or reselling? channel
structures in electronic retailing. Management Science 62(8), 2259-2280.

Acquisti, A. and H. R. Varian (2005). Conditioning prices on purchase history. Marketing
Science 24(3), 367-381.

Armstrong, M. (2006). Competition in two-sided markets. The RAND Journal of Eco-
nomics 37(3), 668-691.

Ashley, C., E. A. Gillespie, and S. M. Noble (2016). The effect of loyalty program fees on
program perceptions and engagement. Journal of Business Research 69(2), 964-973.

BusinessInsider (2017). National retail federation estimates 8-12% us e-commerce growth in
2017. Awailable at http://www.businessinsider.com/national-retail-federation-
estimates-8-12-us-e-commerce-growth-in-2017-2017-2.

Buzz Feed News (2018). The hidden environmental cost of amazon prime’s free, fast shipping.
Available at https://www.buzzfeednews.com/article/nicolenguyen/environmental-
impact-of-amazon-prime.

Caillaud, B. and B. Jullien (2003). Chicken & egg: Competition among intermediation
service providers. RAND journal of Economics, 309-328.

Capon, N. and D. Kuhn (1982). Can consumers calculate best buys? Journal of Consumer
Research 8(4), 449-453.

Chen, Z., C. Choe, and N. Matsushima (2019). Competitive personalized pricing. Manage-
ment Science forthcoming.

Choe, C., S. King, and N. Matsushima (2018). Pricing with cookies: behavior-based price
discrimination and spatial competition. Management Science 64(12), 5669-5687.

Choi, S. C. (1991). Price competition in a channel structure with a common retailer. Mar-
keting Science 10(4), 271-296.

CNET (2015). Amazon surprise! prime members help deliver a profit. Available at https:
//www.cnet.com/news/amazon-pulls-off-surprise-profit-thanks-to-prime/.

CNET (2016a). Amazon prime: Still a good deal at $997  Awailable at https://
www.cnet.com/news/amazon-prime-still-a-good-deal-at-99/.

CNET (2016b). Your impulse buys are costing amazon a fortune. Awvailable at https:
//www.cnet.com/news/your-impulse-buys-are-costing-amazon-a-fortune/.

195


http://www.businessinsider.com/national-retail-federation-estimates-8-12-us-e-commerce-growth-in-2017-2017-2
http://www.businessinsider.com/national-retail-federation-estimates-8-12-us-e-commerce-growth-in-2017-2017-2
https://www.buzzfeednews.com/article/nicolenguyen/environmental-impact-of-amazon-prime
https://www.buzzfeednews.com/article/nicolenguyen/environmental-impact-of-amazon-prime
https://www.cnet.com/news/amazon-pulls-off-surprise-profit-thanks-to-prime/
https://www.cnet.com/news/amazon-pulls-off-surprise-profit-thanks-to-prime/
https://www.cnet.com/news/amazon-prime-still-a-good-deal-at-99/
https://www.cnet.com/news/amazon-prime-still-a-good-deal-at-99/
https://www.cnet.com/news/your-impulse-buys-are-costing-amazon-a-fortune/
https://www.cnet.com/news/your-impulse-buys-are-costing-amazon-a-fortune/

comScore (2012). Online shopping customer experience study. Available at
https://www.comscore.com/Insights/Presentations-and-Whitepapers/2012/
Online-Shopping-Customer-Experience-Study“cs.dgescape.c=US.

ConsumerAffairs (2014). Lawsuit alleges amazon charges prime members for ”free” ship-
ping. Available at https://www.consumeraffairs.com/news/lawsuit-alleges—-amazon-
charges-prime-members-for-free-shipping-031414.html.

Costco (2018). Annual report. Awvailable at http://www.annualreports.com/HostedData/
AnnualReports/PDF/NASDAQ-0ST,018.pdf.

CR Consumer Reports (2016). Amazon prime membership is worth the cost. Awvailable
at http://www.consumerreports.org/holiday-shopping/amazon-prime-membership-
is-worth-the-cost/.

CXL (2017). How to increase perceived value (and charge more). Awvailable at https:
//conversionxl.com/blog/perceived-value/.

Dealnews (2013). Buy.com to become a marketplace-only site, hopes to take on
amazon.  Awailable at https://www.dealnews.com/features/Buy.com-to-Become-a-
Marketplace-only-Site-Hopes-to-Take-on-Amazon/661313.html|

Digital Business Models (2013).  Analysis of the amazon business model.  Awail-
able at http://www.digitalbusinessmodelguru.com/2013/07/analysis-of-amazon-
business-model.html.

DigitalTonto (2013). Rethinking marketing strategy for the digital age.  Awailable
at https://www.digitaltonto.com/2013/rethinking-marketing-strategy-for-the-
digital-age/.

Dolan, R. J. (1987). Quantity discounts: Managerial issues and research opportunities.
Marketing Science 6(1), 1-22.

Dowling, G. R. and M. Uncles (1997). Do customer loyalty programs really work? MIT
Sloan Management Review 38(4), T1.

Ernst and Young (1999). Third Annual Online Retailing Report.
Farrell, J. (1987). Competition with lock-in. Department of Economics, UCB.

Fierce Retail (2014). Retail’s big show: Shipping is the ’achilles heel’ for retail-
ers.  Available at http://www.fierceretail.com/operations/retail-s-big-show-
shipping-achilles-heel-for-retailers/.

196


https://www.comscore.com/Insights/Presentations-and-Whitepapers/2012/Online-Shopping-Customer-Experience-Study?cs_edgescape_cc=US
https://www.comscore.com/Insights/Presentations-and-Whitepapers/2012/Online-Shopping-Customer-Experience-Study?cs_edgescape_cc=US
https://www.consumeraffairs.com/news/lawsuit-alleges-amazon-charges-prime-members-for-free-shipping-031414.html
https://www.consumeraffairs.com/news/lawsuit-alleges-amazon-charges-prime-members-for-free-shipping-031414.html
http://www.annualreports.com/HostedData/AnnualReports/PDF/NASDAQ_COST_2018.pdf
http://www.annualreports.com/HostedData/AnnualReports/PDF/NASDAQ_COST_2018.pdf
http://www.consumerreports.org/holiday-shopping/amazon-prime-membership-is-worth-the-cost/
http://www.consumerreports.org/holiday-shopping/amazon-prime-membership-is-worth-the-cost/
https://conversionxl.com/blog/perceived-value/
https://conversionxl.com/blog/perceived-value/
https://www.dealnews.com/features/Buy.com-to-Become-a-Marketplace-only-Site-Hopes-to-Take-on-Amazon/661313.html
https://www.dealnews.com/features/Buy.com-to-Become-a-Marketplace-only-Site-Hopes-to-Take-on-Amazon/661313.html
http://www.digitalbusinessmodelguru.com/2013/07/analysis-of-amazon-business-model.html
http://www.digitalbusinessmodelguru.com/2013/07/analysis-of-amazon-business-model.html
https://www.digitaltonto.com/2013/rethinking-marketing-strategy-for-the-digital-age/
https://www.digitaltonto.com/2013/rethinking-marketing-strategy-for-the-digital-age/
http://www.fierceretail.com/operations/retail-s-big-show-shipping-achilles-heel-for-retailers/
http://www.fierceretail.com/operations/retail-s-big-show-shipping-achilles-heel-for-retailers/

Forbes (2018). What a waste: Online retail’s big packaging problem.  Awvailable
at https://www.forbes.com/sites/jonbird1/2018/07/29/what-a-waste-online-
retails-big-packaging-problem/#714fa278371d.

Foros, @., H. J. Kind, and G. Shaffer (2017). Apple’s agency model and the role of most-
favored-nation clauses. The RAND Journal of Economics 48(3), 673-703.

Fudenberg, D. and J. Tirole (2000). Customer poaching and brand switching. RAND Journal
of Economics, 634—657.

Gans, J., S. King, and N. G. Mankiw (2011). Principles of microeconomics. Cengage
Learning.

GeekWire (2014). Lawsuit alleges amazon prime third-party prices are inflated to cover ship-
ping. Awailable at http://www.geekwire.com/2014/lawsuit-alleges—amazon-prime-
third-party-prices-inflated-cover-shipping/.

Geng, X., Y. Tan, and L. Wei (2018). How add-on pricing interacts with distribution con-
tracts. Production and Operations Management 27(4), 605-623.

Hagiu, A. and J. Wright (2015). Marketplace or reseller?  Management Science 61(1),
184-203.

Hagiu, A. and J. Wright (2019). Controlling vs. enabling. Management Science 65(2),
D77-595.

Hao, L. and M. Fan (2014). An analysis of pricing models in the electronic book market.
MIS Quarterly, Forthcoming.

Hao, L., H. Guo, and R. F. Easley (2017). A mobile platform’s in-app advertising contract
under agency pricing for app sales. Production and Operations Management 26(2), 189
202.

Hotelling, H. (1929). 1929,” stability in competition,”. Economic Journal 39(4), 57.

In These Times (2019). Is amazon violating u.s. antitrust laws? this law student thinks
he has evidence. Awailable at https://inthesetimes.com/article/21850/is-amazon-
using-predatory-pricing-in-violation-of-antitrust-laws-monopoly.

Inc. (2011). How to sell on value rather than price. Awvailable at https://www.inc.com/
guides/201107/how-to-sell-on-value-rather-than-price.html.

Independent (2015). Amazon prime: why unlimited shipping is too good to be true.
Available at http://www.independent.co.uk/news/business/news/amazon-prime-why-
unlimited-shipping-is-too-good-to-be-true-a6715036.html.

197


https://www.forbes.com/sites/jonbird1/2018/07/29/what-a-waste-online-retails-big-packaging-problem/#714fa278371d
https://www.forbes.com/sites/jonbird1/2018/07/29/what-a-waste-online-retails-big-packaging-problem/#714fa278371d
http://www.geekwire.com/2014/lawsuit-alleges-amazon-prime-third-party-prices-inflated-cover-shipping/
http://www.geekwire.com/2014/lawsuit-alleges-amazon-prime-third-party-prices-inflated-cover-shipping/
https://inthesetimes.com/article/21850/is-amazon-using-predatory-pricing-in-violation-of-antitrust-laws-monopoly
https://inthesetimes.com/article/21850/is-amazon-using-predatory-pricing-in-violation-of-antitrust-laws-monopoly
https://www.inc.com/guides/201107/how-to-sell-on-value-rather-than-price.html
https://www.inc.com/guides/201107/how-to-sell-on-value-rather-than-price.html
http://www.independent.co.uk/news/business/news/amazon-prime-why-unlimited-shipping-is-too-good-to-be-true-a6715036.html
http://www.independent.co.uk/news/business/news/amazon-prime-why-unlimited-shipping-is-too-good-to-be-true-a6715036.html

Information Age (2015). Shipping is the ‘achilles heel’ of online retailers. Awvailable
at http://www.information-age.com/shipping-achilles-heel-online-retailers-—
123458893/.

Janda, S., P. J. Trocchia, and K. P. Gwinner (2002). Consumer perceptions of internet retail
service quality. International Journal of Service Industry Management 13(5), 412-431.

Jiang, B., K. Jerath, and K. Srinivasan (2011). Firm strategies in the “mid tail” of platform-
based retailing. Marketing Science 30(5), 7T57-775.

Jiang, B. and K. Srinivasan (2011). Impact of online consumer reviews on competitive
marketing strategies. Technical report, Working paper, Carnegie Mellon University, Pitts-
burgh.

Johnson, J. P. (2017). The agency model and mfn clauses. The Review of Economic Stud-
ies 84(3), 1151-1185.

Klemperer, P. (1987). Markets with consumer switching costs. The quarterly journal of
economics, 375-394.

Kong, G., S. Rajagopalan, and H. Zhang (2013). Revenue sharing and information leakage
in a supply chain. Management Science 59(3), 556-572.

Kwark, Y., C. Jianqing, and S. Raghunathan (2017). Platform or wholesale? a strategic
tool for online retailers to benefit from third-party information. MIS Quarterly 41(3).

Lewis, M. (2004). The influence of loyalty programs and short-term promotions on customer
retention. Journal of marketing research 41(3), 281-292.

Lewis, M. (2006). The effect of shipping fees on customer acquisition, customer retention,
and purchase quantities. Journal of Retailing 82(1), 13-23.

Lewis, M., V. Singh, and S. Fay (2006). An empirical study of the impact of nonlinear
shipping and handling fees on purchase incidence and expenditure decisions. Marketing
Science 25(1), 51-64.

Li, J., S. Wang, and T. E. Cheng (2010). Competition and cooperation in a single-retailer
two-supplier supply chain with supply disruption. International Journal of Production
Economics 124 (1), 137-150.

Littlechild, S. C. (1975). Two-part tariffs and consumption externalities. The Bell Journal
of Economics, 661-670.

Market Watch (2015). Is free shipping killing amazon’s profit? Avail-
able at http://www.marketwatch.com/story/is-free-shipping-killing-amazons-
profit-2015-07-14.

198


http://www.information-age.com/shipping-achilles-heel-online-retailers-123458893/
http://www.information-age.com/shipping-achilles-heel-online-retailers-123458893/
http://www.marketwatch.com/story/is-free-shipping-killing-amazons-profit-2015-07-14
http://www.marketwatch.com/story/is-free-shipping-killing-amazons-profit-2015-07-14

McCarthy, E. J. (1968). Basic marketing: A managerial approach. RD Irwin.

MIT Technology Review (2016). How amazon loses on prime and still wins. Awvailable
at https://www.technologyreview.com/s/601889/how-amazon-loses-on-prime-and-
still-wins/.

Morwitz, V., E. Greenleaf, and E. J. Johnson (1998). Divide and prosper: consumers’
reaction to partitioned prices. Journal of Marketing Research 35, 453-463.

Nunes, J. C. (2000). A cognitive model of people’s usage estimations. Journal of Marketing
Research 37(4), 397-409.

Oi, W. Y. (1971). A disneyland dilemma: Two-part tariffs for a mickey mouse monopoly.
The Quarterly Journal of Economics 85(1), 77-96.

Orderhive (2017). 5 steps to create private label products for amazon. Available at https:
//www.orderhive.com/5-steps-create-amazon-private-label-products.

Parker, G. G. and M. W. Van Alstyne (2005). Two-sided network effects: A theory of
information product design. Management science 51(10), 1494-1504.

Pyke, D. F., M. E. Johnson, and P. Desmond (2001). E-fulfillment. Supply Chain Manage-
ment Review 27, 695—700.

Quora (2017). Why are model numbers for the same appliance all different in each store you
visit?  Awailable at https://www.quora.com/Why-are-model-numbers-for-the-same-
appliance-all-different-in-each-store-you-visitl

Reisinger, M. (2014). Two-part tariff competition between two-sided platforms. FEuropean
Economic Review 68, 168—180.

Rochet, J.-C. and J. Tirole (2003). Platform competition in two-sided markets. Journal of
the european economic association 1(4), 990-1029.

Rochet, J.-C. and J. Tirole (2006). Two-sided markets: a progress report. The RAND
journal of economics 37(3), 645-667.

Rosen, K. T. and A. L. Howard (2000). E-retail: Gold rush or fool’s gold? California
management review 42(3), 72-100.

Rysman, M. (2009). The economics of two-sided markets. Journal of economic perspec-
tives 23(3), 125-43.

Salop, S. C. (1979). Monopolistic competition with outside goods. The Bell Journal of
Economics, 141-156.

199


https://www.technologyreview.com/s/601889/how-amazon-loses-on-prime-and-still-wins/
https://www.technologyreview.com/s/601889/how-amazon-loses-on-prime-and-still-wins/
https://www.orderhive.com/5-steps-create-amazon-private-label-products
https://www.orderhive.com/5-steps-create-amazon-private-label-products
https://www.quora.com/Why-are-model-numbers-for-the-same-appliance-all-different-in-each-store-you-visit
https://www.quora.com/Why-are-model-numbers-for-the-same-appliance-all-different-in-each-store-you-visit

Sawhney, M. (1999). "The Longest Mile”, Business 2.0.

Scuttlebutt Investor (2017). The fervent loyalty of a costco (cost) member.
Available at http://www.scuttlebuttinvestor.com/blog/2017/2/21/the-fervent-
loyalty-of-a-costco-cost—-member.

Sears Holding (2010). Sears.com unveils marketplace at sears.com - offering more than
10 million items online. Awvailable at https://searsholdings.com/press-releases/pr/
736.

Seller Labs (2016). How the walmart marketplace differs from amazon. Available at https:
//www.sellerlabs.com/blog/walmart-marketplace-differs-amazon/.

Sharp, B. and A. Sharp (1997). Loyalty programs and their impact on repeat-purchase
loyalty patterns. International journal of Research in Marketing 14(5), 473-486.

Statista (2017). Percentage of paid units sold by third-party sellers on amazon platform as of
1st quarter 2017. Awailable at https://wuw.statista.com/statistics/259782/third-
party-seller-share-of-amazon-platform/.

Statista (2018). The growing weight of amazon’s logistics costs. Awailable at https://
www.statista.com/chart/12893/amazon-fulfillment-and-shipping-costs/.

Sun, G., H. Cavusoglu, and S. Raghunathan (2017). An analysis of membership-based free
shipping programs of online marketplaces. In International Conference on Information
Systems.

Tan, X., Y.-C. Ho, and Y. Tan (2015). Loyalty program: the dilemma of shipping fee. In
Conference of Information Systems and Technology, Philadelphia.

Tan, Y. and J. E. Carrillo (2017). Strategic analysis of the agency model for digital goods.
Production and Operations Management 26(4), 724-741.

Tan, Y., J. E. Carrillo, and H. K. Cheng (2016). The agency model for digital goods. Decision
Sciences 47(4), 628-660.

Taylor, C. R. (2004). Consumer privacy and the market for customer information. RAND
Journal of Economics, 631-650.

The Marketing Journal (2017). The big shift in platform business models.  Avail-
able at http://www.marketingjournal.org/the-big-shift-in-platform-business-
models-john-hagel/|

The Motley Fool (2016). How prime makes amazon profitable. Available at
https://www.fool.com/investing/general/2016/03/25/how-prime-makes-amazon-
profitable.aspx/.

200


http://www.scuttlebuttinvestor.com/blog/2017/2/21/the-fervent-loyalty-of-a-costco-cost-member
http://www.scuttlebuttinvestor.com/blog/2017/2/21/the-fervent-loyalty-of-a-costco-cost-member
https://searsholdings.com/press-releases/pr/736
https://searsholdings.com/press-releases/pr/736
https://www.sellerlabs.com/blog/walmart-marketplace-differs-amazon/
https://www.sellerlabs.com/blog/walmart-marketplace-differs-amazon/
https://www.statista.com/statistics/259782/third-party-seller-share-of-amazon-platform/
https://www.statista.com/statistics/259782/third-party-seller-share-of-amazon-platform/
https://www.statista.com/chart/12893/amazon-fulfillment-and-shipping-costs/
https://www.statista.com/chart/12893/amazon-fulfillment-and-shipping-costs/
http://www.marketingjournal.org/the-big-shift-in-platform-business-models-john-hagel/
http://www.marketingjournal.org/the-big-shift-in-platform-business-models-john-hagel/
https://www.fool.com/investing/general/2016/03/25/how-prime-makes-amazon-profitable.aspx/
https://www.fool.com/investing/general/2016/03/25/how-prime-makes-amazon-profitable.aspx/

The New York Times (2015). Amazon reports a profit, citing prime as the key.
Available at https://www.nytimes.com/2015/01/30/technology/amazon-earnings-
profit-prime.html?,=0.

The New York Times (2019). Amazon pushes fast shipping but avoids responsibility for the
human cost. Available at https://www.nytimes.com/2019/09/05/us/amazon-delivery-
drivers—-accidents.html|

The PENNY HOARDER (2015). A unique way to make money on amazon: How i earn
$1,500 a month. Awailable at https://www.thepennyhoarder.com/make-money/side-
gigs/private-label-products-on-amazon/.

The Street (2016). Amazon prime membership: Is it worth the $99 annual fee?  Avail-
able at https://www.thestreet.com/story/13215530/1/amazon-prime-membership-
is-it-worth-the-99-annual-fee.html|

The Wall Street Journal (2010). Japan’s rakuten to acquire buy.com. Awvailable at https:
//www.wsj.com/articles/SB100014240527487035569004575255951407857036.

Tian, L., A. J. Vakharia, Y. Tan, and Y. Xu (2018). Marketplace, reseller, or hybrid:
Strategic analysis of an emerging e-commerce model. Production and Operations Manage-
ment 27(8), 1595-1610.

Time (2011). Amazon prime loses $11 annually per member...and it’s a huge suc-
cess. Awailable at http://business.time.com/2011/11/14/amazon-prime-loses-11-
annually-per-member-and-its-a-huge-success/.

TODAY (2013). 6 ways retailers get out of price-matching guarantees. Avail-
able at https://www.today.com/money/6-ways-retailers-get-out-price-matching-
guarantees—-1C9939213,

Trocchia, P. J. and S. Janda (2003). How do consumers evaluate internet retail service
quality? Journal of services marketing 17(3), 243-253.

Uncles, M. D., G. R. Dowling, and K. Hammond (2003). Customer loyalty and customer
loyalty programs. Journal of consumer marketing 20(4), 294-316.

Villas-Boas, J. M. (2004). Price cycles in markets with customer recognition. RAND Journal
of Economics, 486-501.

Wei, J., J. Lu, and J. Zhao (2020). Interactions of competing manufacturers’ leader-follower

relationship and sales format on online platforms. Furopean Journal of Operational Re-
search 280(2), 508-522.

201


https://www.nytimes.com/2015/01/30/technology/amazon-earnings-profit-prime.html?_r=0
https://www.nytimes.com/2015/01/30/technology/amazon-earnings-profit-prime.html?_r=0
https://www.nytimes.com/2019/09/05/us/amazon-delivery-drivers-accidents.html
https://www.nytimes.com/2019/09/05/us/amazon-delivery-drivers-accidents.html
https://www.thepennyhoarder.com/make-money/side-gigs/private-label-products-on-amazon/
https://www.thepennyhoarder.com/make-money/side-gigs/private-label-products-on-amazon/
https://www.thestreet.com/story/13215530/1/amazon-prime-membership-is-it-worth-the-99-annual-fee.html
https://www.thestreet.com/story/13215530/1/amazon-prime-membership-is-it-worth-the-99-annual-fee.html
https://www.wsj.com/articles/SB10001424052748703559004575255951407857036
https://www.wsj.com/articles/SB10001424052748703559004575255951407857036
http://business.time.com/2011/11/14/amazon-prime-loses-11-annually-per-member-and-its-a-huge-success/
http://business.time.com/2011/11/14/amazon-prime-loses-11-annually-per-member-and-its-a-huge-success/
https://www.today.com/money/6-ways-retailers-get-out-price-matching-guarantees-1C9939213
https://www.today.com/money/6-ways-retailers-get-out-price-matching-guarantees-1C9939213

Wen, Z. and L. Lin (2017). Membership free shipping programs: Effect on competition and
optimality of member fees. In Proceedings of the 50th Hawaii International Conference on
System Sciences.

Wired (2015). Why business models fail:  Pipes vs. platforms. Awvailable at
https://www.wired.com/insights/2013/10/why-business-models-fail-pipes-
vs-platforms/.

Yan, Y., R. Zhao, and Z. Liu (2018). Strategic introduction of the marketplace channel under
spillovers from online to offline sales. European Journal of Operational Research 267(1),

65-77.

Yan, Y., R. Zhao, and T. Xing (2019). Strategic introduction of the marketplace channel
under dual upstream disadvantages in sales efficiency and demand information. Furopean
Journal of Operational Research 273(3), 968-982.

Yao, Z., S. C. Leung, and K. K. Lai (2008). Manufacturer’s revenue-sharing contract and
retail competition. European Journal of Operational Research 186(2), 637-651.

Yi, Y. and H. Jeon (2003). Effects of loyalty programs on value perception, program loyalty,
and brand loyalty. Journal of the academy of marketing science 31(3), 229-240.

Yin, X. (2004). Two-part tariff competition in duopoly. International Journal of Industrial
Organization 22(6), 799-820.

Zennyo, Y. (2020). Strategic contracting and hybrid use of agency and wholesale contracts
in e-commerce platforms. Furopean Journal of Operational Research 281(1), 231-239.

Zhao, J., W. Tang, and J. Wei (2012). Pricing decision for substitutable products with
retail competition in a fuzzy environment. International Journal of Production FEco-
nomics 135(1), 144-153.

Zhu, F. and N. Furr (2016). Products to platforms: Making the leap. Harvard business
review 94 (4), 72-78.

202


https://www.wired.com/insights/2013/10/why-business-models-fail-pipes-vs-platforms/
https://www.wired.com/insights/2013/10/why-business-models-fail-pipes-vs-platforms/

BIOGRAPHICAL SKETCH

Geng Sun was born in Tianjin, China. He earned his bachelor’s degree in Mechanical Engi-
neering from Huazhong University of Science and Technology (HUST), China, in 2008. After
a few years working in the industry, he then attended The University of Texas at Dallas (UT
Dallas) and received his MBA and MS degree in Information Technology Management in
2014. Geng joined the PhD program in Management Science with a concentration in Infor-
mation Systems at UT Dallas under the supervision of Dr. Srinivasan Raghunathan and Dr.
Huseyin Cavusoglu in 2014. His research primarily focuses on e-commerce, online platforms,
technology diffusion, and multi-sided markets. At UT Dallas, he taught undergraduate
courses, including Information Technology for Business, Introduction to Programming, and
Object-Oriented Programming. He is going to start his new position as Assistant Professor

of Information Systems at The University of Texas Rio Grande Valley in August 2020.

203



CURRICULUM VITAE

Geng Sun

May 04, 2020

Contact Information:

Department of Information Systems Email: gengs@utdallas.edu
The University of Texas at Dallas

800 W. Campbell Rd.

Richardson, TX 75080-3021, U.S.A.

Educational History:

BS, Mechanical Engineering, Huazhong University of Science and Technology, 2008
MS, Information Technology Management, The University of Texas at Dallas, 2014
MBA., Supply Chain Management, The University of Texas at Dallas, 2014

PhD, Information Systems, The University of Texas at Dallas, 2020

Essays on the Economics of Membership-based

Free Shipping Programs in Online Marketplaces

PhD Dissertation

Information Systems Department, The University of Texas at Dallas
Advisors: Dr. Srinivasan Raghunathan and Dr. Huseyin Cavusoglu

Research

Research Interests
Economics of IS, E-commerce, Online Platforms, Technology Diffusion, Multi-sided Markets

Research Papers

“Is Free Shipping Really Free? Strategic Implications of Membership-Based Free Shipping
Programs of Online Marketplaces.” with Huseyin Cavusoglu and Srinivasan Raghunathan.
“Membership-Based Free Shipping Program of Online Marketplaces: Does a Shift from
Wholesale to Agency Model Encourage its Adoption?” with Huseyin Cavusoglu and Srini-
vasan Raghunathan.

“Membership-Based Free Shipping Programs: A New Vehicle to Gain Competitive Advan-
tage for Online Retailers?” with Huseyin Cavusoglu and Srinivasan Raghunathan.

“A Reexamination of Impacts of Reviewer Credibility on Online Review Helpfulness.” solo
work.

“Incentive Regulation and Capital Structure in Digital Networks: Theory, Evidence and
Implications.” with Sumit Majumdar.

“Technological Disruption that Redefines Consumption: An Examination of Digital Camera
Market Through Diffusion Lens.” with Byungwan Koh and Srinivasan Raghunathan.



Work-in-Progress

“Two-sided Platforms with Gigs: An Analysis of Online Food Delivery Market.” with
Yeongin Kim.

“Home Sharing or Commercial Listing? The Implications of Airbnb on Long-term Rental
and Housing Markets.” with Chenglong Zhang.

Presentation

“Technological Disruption that Redefines Consumption: An Examination of Digital Camera
Market Through Diffusion Lens.” INFORMS Annual Meeting, Seattle, WA, Oct 2019.
“Membership-Based Free Shipping Programs: A New Vehicle to Gain Competitive Advan-
tage for Online Retailers?”. International Conference on Information Systems (ICIS), San
Francisco, CA, Dec 2018. Nominated for Best Paper Award

“Technological Disruption that Redefines Consumption: An Examination of Digital Cam-
era Market Through Diffusion Lens.” Conference on Information Systems and Technology
(CIST), Phoenix, AZ, Nov 2018.

“Membership-Based Free Shipping Program via a Shift from Wholesale to Platform Model”.
POMS 29th Annual Conference, Houston, TX, May 2018.

“An Analysis of Membership-Based Free Shipping Programs of Online Marketplaces”. In-
ternational Conference on Information Systems (ICIS), Seoul, South Korea, December 2017.
“Strategic Implications of Free Shipping Program of Electronic Marketplaces”. Big XII+
MIS Research Symposium, Omaha, NE, April 2017.

Teaching

Teaching Interests
Business Analytics, Machine Learning, Database, Programming, Operations Management

Teaching Experience

Introduction to Programming, Undergraduate, Spring 2020
Object-Oriented Programming, Undergraduate, Spring 2019
Information Technology for Business, Undergraduate, Fall 2017

Teaching Assistant

Business Data Warehousing, Graduate, Summer 2018

System Analysis and Design, Undergraduate, Summer 2018

Enterprise Resource Planning, Undergraduate/Graduate, Summer 2018
Strategic Management, Undergraduate/Graduate, Spring 2018
Managing Digital Strategy, Graduate, Spring 2018

System Analysis and Project Management, Graduate, Summer 2017
Introduction to Programming, Undergraduate, Spring 2017
Object-Oriented Programming, Undergraduate/Graduate, Spring 2017/Fall 2016
Database Foundations, Graduate, Spring 2017

Advanced Business Intelligence, Spring 2015



Industry & Other Professional Experience

International Business Analyst, NCH Corporation, TX, 2013-2014

Assistant General Manager, .M.F. Impianti Macchine Fonderia Srl, China, 2011-2012
Engineer, IGCC GreenGen, Huaneng Power International, China, 2008-2011
Internship Coordinator, Dongfang Electric Corporation (DEC), China, 2007

Selected Honors:

Nominated and Accepted for ICIS Doctoral Consortium, 2018

Doctoral Fellowship, University of Texas at Dallas, 2016-2017

Graduate Research Travel Funding, University of Texas at Dallas, 2014-2019
Cohort MBA Scholarship, University of Texas at Dallas, 2012-2014

Academic Service

International Conference on Information Systems (ICIS), Munich, Germany, 2019
International Conference on Web Services (ICWS), Honolulu, HI, 2017

Reviewer, Information Technology and Management, 2019-2020

Assistant Editor, Strategic Management Review, 2012-2015

Professional Memberships:

Association for Information Systems (AIS)
Institute for Operations Research and the Management Sciences (INFORMS)

Computational Skills

Programming Languages: R, Python, JAVA, SQL, VBA
Analytics Packages: STATA, SAS, Weka

DBMS: MS Access, MS SQL Sever, MySQL

Other: LaTeX, Mathematica, HTML



	Acknowledgments
	Abstract
	Table of Contents
	List of Figures
	List of Tables
	Introduction
	Strategic Implications of Online Retail Platforms' Membership-Based Free Shipping Programs
	Value of Membership-Based Free Shipping in Online Retailing: Impact of Upstream Pricing Model
	Membership-Based Free Shipping Programs: A New Vehicle to Gain Competitive Advantage for Online Retailers?

	Strategic Implications of Online Retail Platforms' Membership-Based Free Shipping Programs
	Introduction
	Related Literature
	Model
	No MFS (Benchmark Scenario)

	Analysis of the MFS Program
	Model Extensions
	MFS in Conjunction with Contingent Free Shipping (CFS)
	Shipping Fee versus Shipping Cost

	Conclusion and Implications

	Value of Membership-Based Free Shipping in Online Retailing: Impact of Upstream Pricing Model
	Introduction
	Related Literature
	Model
	MFS program under the Wholesale Model
	No MFS (Benchmark) under the Wholesale Model
	MFS Program under the Wholesale Model
	Impact of the MFS Program under the Wholesale Model

	MFS Program under the Agency Model
	No MFS (Benchmark) under the Agency Model
	MFS Program under the Agency Model
	Impact of MFS under the Agency Model

	Value of MFS under the Two Pricing Models
	Impacts of MFS on Consumers and Society
	Model Extensions
	Manufacturer Competition in the Marketplace
	Membership-Based Price Discrimination
	Perks in addition to Free Shipping under MFS
	Lower Shipping Cost for Retailer compared to Consumers

	Conclusion

	Membership-Based Free Shipping Programs: A New Vehicle to Gain Competitive Advantage for Online Retailers?
	Introduction
	Related Literature
	Model
	Analysis of the MFS program
	No MFS (Benchmark Case)
	MFS Program under Asymmetric Implementation
	MFS Program under Symmetric Implementation

	Competition via MFS program
	MFS in a Monopolist Retailer Market
	Conclusion and Implications

	Conclusion
	Appendix A: Supplemental Material for Chapter 2
	Appendix B: Supplemental Material for Chapter 3
	Appendix C: Supplemental Material for Chapter 4
	References
	Biographical Sketch
	Curriculum Vitae



