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Abstract

Many retailers have recently started to offer customers the option to buy online and pick
up in store (BOPS). We study the impact of the BOPS initiative on store operations. We
build a stylized model where a retailer operates both online and offline channels. Consumers
strategically make channel choices. The BOPS option affects consumer choice in two ways: by
providing real-time information about inventory availability and by reducing the hassle cost of
shopping. We obtain three findings. First, not all products are well-suited for in-store pickup;
specifically, it may not be profitable to implement BOPS on products that sell well in stores.
Second, BOPS enables retailers to reach new customers, but for existing customers, the shift
from online fulfillment to store fulfillment may decrease profit margins when the latter is less cost
effective. Finally, in a decentralized retail system where store and online channels are managed
separately, BOPS revenue can be shared across channels to alleviate incentive conflicts; it is

rarely efficient to allocate all the revenue to a single channel.
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1 Introduction

As consumers become accustomed to online shopping, brick-and-mortar retailers have increasingly
supplemented their shops with online businesses (Financial Times, 2013)). The online channel has
traditionally been viewed as a separate way to sell products. Today, however, many retailers have
realized the need to integrate their existing channels to enrich customer value proposition and im-
prove operational efficiency. As a result, there is an emerging focus on “omnichannel retailing” with
the goal of providing consumers with a seamless shopping experience through all available shopping
channels (Bell et al., 2014; Brynjolfsson et al., 2013; Rigby, 2011). When asked about omnichannel
priorities, the retailers surveyed by Forrester Research reported that fulfillment initiatives ranked
higher than any other channel integration program; moreover, among all omnichannel fulfillment
initiatives, allowing customers to buy online and pick up in store (BOPS) is regarded as the most
important one (Forrester, 2014). According to Retail Systems Research (RSR), as of June 2013,
64% of retailers have implemented BOPS (RSR} 2013).

Retailers benefit from allowing customers to pick up their online orders in store. Specifically,
BOPS generates store traffic and potentially increases sales (New York Times, 2011). According
to a recent UPS study, among those who have used an in-store pickup option, 45% of them have
made a new purchase when picking up the purchase in store (UPS, 2015)). Typically, a substantial
amount of store sales is generated through such cross-selling: it is estimated that, on average, when
a customer comes to the store intending to buy $100 worth of merchandise, they leave with $120 to
$125 worth of merchandise (Washington Post, |2015). Thus, unsurprisingly, more and more retailers

are starting to offer the BOPS functionality on their websites (RSR, [2013).

A key challenge facing retailers is to choose the right set of products for BOPS. Most retailers
generally agree that BOPS should not be a blanket functionality that is blindly applied to all prod-
ucts across all categories. According to senior vice president and general manager of Walmart.com,
Steve Nave, one of the reasons for being selective is to focus on those products that would “drive
more customers into the stores” (Time} 2011). On the websites of major retailers such as Toys R
Us, customers will find that some products are not eligible for BOPS. For example, new releases
such as the LEGO Star Wars Sith Infiltrator are not available for store pickup. These items are
sold in stores, but shoppers need to check their local stores for availability if they do not wish

to wait for online delivery. In contrast, for most of the extensive line of LEGO products sold on



toysrus.com, the BOPS option is available. Since retailers typically carry large numbers of SKUs
online, a key challenge is to understand the main criteria for selecting which product to allow for

in-store pickup.

Many retailers regard BOPS as a way to reach new customers, as this new fulfillment option
has become increasingly popular among shoppers (New York Times|, 2011). With BOPS, consumers
experience instant gratification, avoid shipping and delivery changes, and enjoy the convenience of
hassle-free shopping (their items have already been picked and packed by store staff by the time
they arrive). With this unique combination that has never been offered before, it is not unrealistic
for retailers to expect market expansion. However, another more pessimistic view is that BOPS
simply shifts customers from online fulfillment to store fulfillment; customers who use BOPS would
have purchased online anyway. To understand the impact of BOPS on retailers’ bottom-lines, it is
useful to distinguish between the demand cannibalization and demand creation scenarios described

above.

The advent of BOPS blurs the distinction between store and online operations. Although
BOPS orders originate online, they are fulfilled using inventory in retail stores. Consequently, a
successful BOPS implementation requires good coordination between the online and offline chan-
nels. Very few retailers have completely dismantled their online and offline channel silos, maintain-
ing a single accounting ledger with an associated organizational structure for all sales regardless of
channel (Forrester, 2014)). When online and offline channels are operated by separate teams, the
company needs to decide how to allocate BOPS revenue. On this subject, there is no consensus:
46% of retailers allow the online channel to receive full credit for the transaction, 31% award full
credit to the store channel, and 23% divide them between channels (Forrester, 2014). This lack of
consensus is not surprising, since both channels have legitimate reasons to claim credit. The store
incurs operating costs for fulfilling demand, while the online channel is the source of demand in the

first place.

In this paper, we focus on the following research questions:

1. For what types of product will the BOPS option be profitable?
2. How does BOPS impact the retailer’s customer base?

3. How should BOPS revenue be allocated between store and online channels?



To address these questions, we develop a stylized model that captures essential elements of
omni-channel retail environments. There is a retailer who operates online and store channels, with
the goal of maximizing total expected profit over both channels. Consumers strategically choose
among buying online, buying in store, and buying online for store pickup, to maximize individual
utility. We first analyze the centralized system; specifically, for a particular product with given
financial parameters, we study optimal inventory decisions under BOPS and examine the impact
of BOPS on total profits. Using these results, we determine whether a product should be carried
in store and whether BOPS should be offered. Finally, we consider the decentralized system and

examine how to allocate BOPS revenue between channels.

Our first main finding is that BOPS may not be suitable for all products. Specifically, for
products that are bestsellers in retail stores, the benefit of BOPS may be outweighed by the
drawback, which is as follows. Since products that are available for store-pickup must be in stock,
BOPS indirectly discloses real-time store inventory status. Customers initiating a BOPS order
online and finding that the desired item is out of stock will not visit the store. In this way,
stockouts of blockbuster products may drive customers away, thus reducing store traffic and cross-
selling opportunities. In other words, BOPS may compromise the function of bestselling products

in attracting customers to the store.

Our second result is that BOPS helps retailers expand their market coverage. As BOPS
mitigates the stockout risk and hassle costs during the shopping journey, more people will be
willing to consider buying from the retailer. However, apart from attracting new customers, BOPS
can also sway the channel choices of existing customers. Among these existing customers, some
who had waited for their orders to be shipped to them (i.e., online fulfillment) may now choose to
pick up their orders (i.e., store fulfillment) instead. This shift is unprofitable if the profit margin is

lower in stores compared to the online channel.

Finally, in decentralized systems where store and online channels are operated by separate
entities, we identify a misalignment of incentives. Specifically, the store neglects the fact that
potential BOPS customers may purchase online instead when there is no stock in the store for
them to pick up. Online sales generate value for the company but the store is not explicitly
compensated when they occur. Consequently, the store stocks too much inventory if they retain
100% of BOPS revenue. To correct for this potential incentive problem, it is optimal to give the

store channel partial credit for fulfilling BOPS demand.



2 Literature Review

This paper studies the management of online and offline channels. With the advent of e-commerce
around the turn of the century, many manufacturers or suppliers introduced a direct online selling
channel, which competes with their own retail partners. Much of the literature on channel manage-
ment studies this type of business setting. |(Chiang et al. (2003) study a price setting game between
a manufacturer and its independent retailer. They find the manufacturer is more profitable even
if no sales occur in the direct channel, because the manufacturer can use the direct channel to
improve the functioning of the retail channel by preventing the prices from being too high and thus
leading to more sales or orders from the retailer. Some other papers also study the pricing game,
but are more concerned with specific pricing mechanisms, e.g., price matching between channels
(Cattani et al., 2006) and personalized pricing (Liu and Zhang, [2006). Apart from pricing, Tsay
and Agrawal (2004) consider firms’ sales effort and find that both parties can benefit from the ad-
dition of a direct channel. |Chen et al. (2008) study service competition between the two channels
and characterize the optimal channel strategy for the supplier. Netessine and Rudi (2006]) study
the practice of drop-shipping, where the supplier stocks and owns the inventory and ships products
directly to customers at retailers’ request. In contrast to this stream of work, our paper focuses
on a single retailer who manages both online and store channels, as commonly observed in retail

environments today.

Omnichannel management has received a lot of attention in industry; the topic is broadly
surveyed in Bell et al| (2014), Brynjolfsson et al.| (2013) and Rigby (2011). In addition, there
are a few other papers. |Ansari et al. (2008]) empirically study how customers migrate between
channels in a multichannel environment and the role of marketers in shaping migration through
their communications strategy. |(Chintagunta et al.| (2012)) study consumer channel choice in grocery
stores and empirically quantify the relative transaction costs when households choose between
the online and offline channels. |Ofek et al.| (2011)) focus on the impact of product returns on a
multichannel retailer, and use a theoretical model to examine how pricing strategies and physical
store assistance levels change as a result of the additional online outlet. |Gallino and Moreno (2014))
empirically investigate the impact of BOPS on a retailer’s sales in both online and offline channels.
Interestingly, they find that instead of increasing online sales, the implementation of BOPS is
associated with a reduction in online sales and an increase in store sales and traffic. While most

papers in this area are empirical, our paper develops a tractable theoretical framework. Using our



model, we study omnichannel inventory management and channel coordination within the firm.

There are models in operations management that study the role of inventory availability
on demand, given that consumers have to incur hassle costs and bear the stockout risk when
visiting stores. Dana and Petruzzi (2001)) is the first paper that extends the classic newsvendor
model by assuming demand is a function of both price and inventory level. Since then, many
researchers have investigated how to attract people to pay the hassle cost to come to the store:
Su and Zhang (2009) show that it is always beneficial to the retailer if he can credibly make an
ex ante quantity commitment. [Yin et al| (2009) compare the efficacy of two different in-store
inventory display formats to manipulate consumer expectations on the availability. |Allon and
Bassamboo| (2011) explore the issue of cheap talk when the information shared by the retailer is
not verifiable. |Alexandrov and Lariviere| (2012)) examines the role of reservations in the context of
revenue management. (Cachon and Feldman (2015) focus on retailer’s pricing issue and find that a
strategy that embraces frequent discounts is optimal. In this paper, we study a new way to attract
customers to store, BOPS, by which the retailer shares with customers the real-time information

about store inventory status.

A critical feature of our model is that customers will make additional purchases once they
enter the store. There are many papers in marketing (e.g., |Li et al.| (2005)); Akg¢ura and Srinivasan
(2005)); Li et al. (2011))) and operations management (e.g., [Netessine et al. (2006); Gurvich et al.
(2009)); |Armony and Gurvich (2010)) examining how to make use of the cross-selling opportunities
during the interaction with consumers. In this paper, instead of studying the design of a cross-
selling strategy, we will focus on the impact of cross-selling benefits on the implementation of the

new omnichannel fulfillment strategy, i.e., BOPS.

This paper provides a different angle to the stream of work on strategic customer behavior in
retail management. Sul (2007) study a dynamic pricing problem with a heterogeneous population
of strategic as well as myopic customers and show that optimal price paths could involve either
markups or markdowns. |Aviv and Pazgal (2008) study two types of markdown pricing policies (i.e.,
contingent and announced fixed-discount) in the presence of strategic consumers. There is a rich
body of work on operational strategies that consider strategic customers: e.g., capacity rationing
(Liu and van Ryzin| [2008), supply chain contracting (Su and Zhang}, |2008), quick response (Cachon
and Swinney, 2009)), opaque selling (Jerath et al., 2010)), posterior price matching (Lai et al., 2010

and product rollovers (Liang et al., 2014). Most of the existing literature consider models in which



consumers decide whether to make an immediate purchase or to wait for future discounts. In
contrast, our paper concentrates on consumers’ channel choice. In other words, instead of studying

the decision of when to buy, we pay attention to the decision of where to buy.

The topic of decentralization has been studied by many researchers in the operations manage-
ment area. There are two streams of literature, focusing on interfirm and intrafirm coordination.
For the former, there is a large body of literature on the design of optimal contracts to optimize
supply chain performance; see, for example, Lee and Whang| (1999)); Taylor| (2002)); |Cachon and
Lariviere, (2005). Readers can refer to (Cachon| (2003) for a comprehensive review. The other re-
search stream addresses conflicts of interest within a firm. [Harris et al.| (1982) study an intrafirm
resource allocation problem where different divisional managers of the firm possess private infor-
mation that is not available to the headquarters. Porteus and Whang| (1991 examine different
incentive plans to coordinate the marketing and manufacturing managers of the firm. A similar
cross-functional coordination problem is also studied by |Kouvelis and Lariviere| (2000). In retail
assortment planning, |Cachon and Kok| (2007)) study category management, where each category is
managed separately by different managers. In line with this research stream, we look at incentive

conflicts between the store channel and the headquarters of an omnichannel retailer.

3 Model

There is a retailer who sells a product through two channels, store and online, at price p. In the
store channel, the retailer faces a newsvendor problem: there is a single inventory decision g to be
made before random demand is realized, so there may eventually be unmet demand or leftovers in
the store. The unit cost of inventory is ¢, and the salvage value of leftover units is normalized to
zero. The online channel is modeled exogenously: the retailer simply obtains a net profit margin
w from each unit of online demand. This model focuses on store operations and can be separately

applied to any particular product the retailer carries.

The market demand D is random and follows a continuous distribution F' and density f.
Consumers choose between store and online channels to maximize their utility. Each individual
consumer has valuation v for the product. When shopping in store, each consumer incurs hassle
cost hg (e.g., traveling to the store or searching for the product in aisles); similarly, when shopping

online, each consumer incurs hassle cost h, (e.g., paying shipping fees or waiting for the product



to arrive). There is a key difference between store and online hassle costs: hg is incurred before
customers find and purchase the product in the store, whereas h, is incurred after customers make
the purchase online. To ensure that consumers are willing to consider both channels, we assume

that both hassle costs are smaller than the surplus v — p.

We first consider the scenario before BOPS is introduced; here, each consumer makes a choice
between shopping online directly or going to the store. If she chooses to buy online directly, her
payoff is simply given by

Uo =0V — p — he.

On the other hand, if she chooses to go to the store, her payoff is
us = —hg +é(v -p)+(1 —é)(v—p— ho).

To understand this expression, note that the consumer first incurs the hassle cost hg upfront. Then,
once she is in the store, she may encounter two possible outcomes: (1) if the store has inventory,
then she can make a purchase on the spot and receive payoff v — p; (2) if the store is out of stock,
she can go back to buying the product online and receive payoff v — p — h,. The consumer expects
the former to occur with probability f . Based on this belief, the consumer compares the expected

utility from each channel and chooses accordingly.

Next, we consider retailer’s decision problem. First, the retailer anticipates that a fraction
qg € [0,1] of customers will visit the store; i.e., if total demand is D, the retailer expects that the
number of customers coming to the store will be dA)D. Given this belief, the retailer’s profit function
is

7(q) = pE min (&D, q) —cg+rk (gng) +wk <<1 — gZ;) D> + wE(qu — q>+. (1)

Given the store inventory level ¢, the newsvendor expected profit from selling the product in the
store channel is shown in the first two terms above. In addition, since customers tend to make
additional purchase when they come to the store (UPS| 2015; Washington Post|, 2015, there is an
additional profit r from every customer coming to the store; this is the third term in the profit
function above. The last two terms above show the retailer’s online profit; the fourth represents
profit from customers who shop online directly and the last represents profit from customers who
switch to online after encountering stockouts in store. With the profit function above, the retailer

chooses g to maximize expected profit.



To study the strategic interaction between the retailer and the consumers, we shall use the
notion of rational expectations (RE) equilibrium (see [Su and Zhang (2008, 2009); Cachon and
Swinney| (2009)). One important feature of a RE equilibrium is that beliefs must be consistent
with actual outcomes. In other words, the retailer’s belief ¢3 must coincide with the true pro-
portion ¢ of consumers choosing the store channel, and consumers’ beliefs over in-store inven-
tory availability probability f must agree with the actual in-stock probability corresponding to
the retailer’s chosen quantity g. According to |Deneckere and Peck| (1995) and Danal (2001)), this
probability is given by A(¢) = Emin(¢D,q)/E(¢D) where ¢ > 0. The reason is as follows. Con-
ditional on her own presence in the market, an individual consumer’s posterior demand density is
g(z) = zf(z)/ED. Therefore, given this posterior demand density, the availability probability is
[ (min (¢z,q) /¢px) g (x) dx = A(q), since the product is available with probability min(¢z,q)/¢z
when there are x consumers in the market. Then, we have the following definition for a RE equi-

librium. Henceforth, we refer to the RE equilibrium as “equilibrium” for brevity.

Definition 1. A RFE equilibrium (g[),q,é, gZ;) satisfies the following:

1 Given é, if us > Uy, then ¢ = 1; otherwise ¢ = 0;

i. Given ¢, q = arg max, m(q), where w(q) is given in ;

Conditions (i) and (ii) state that under beliefs £ and ¢, consumers and the retailer are choosing

the optimal decisions. Conditions (iii) and (iv) are the consistency conditions.

First, it is easy to see that there always exists a nonparticipatory equilibrium (0,0,0,0). If
the retailer expects no one comes to the store to buy the product, he will stock nothing there, i.e.,
q = 0; If consumers believe there is no inventory in the store, they will not come, i.e., ¢ = 0. In the

end, we have a self-fulfilling prophecy and beliefs are trivially consistent with the actual outcome.

Is there any participatory equilibrium where consumers are willing to visit store and the
retailer has stock in the store as well (i.e., = 1 and ¢ > 0)?7 When such an equilibrium exists,
it Pareto-dominates the nonparticipatory equilibrium, because it generates positive payoffs for

both the retailer and consumers. We shall adopt the Pareto dominance equilibrium selection rule.



The following proposition gives the equilibrium result; we use the superscript (-°) to denote the

equilibrium outcome for this basic scenario. All proofs are presented in Supplementary Appendix[A]

Proposition 1. If hy < £° - h, and p — ¢ > w, then customers visit store and ¢° = F~1(-%).

p—w
Emin(D,F~1( <
Otherwise, no one comes to store and ¢° = 0. Here, £° = ( 5D <p7“’>) 1s the equilibrium

in-stock probability at the store.

According to Proposition [l in order to have positive sales in the store, we need to ensure
that the store channel is attractive to both the consumers and the retailer. As for the retailer,
it is profitable for him to sell through the store channel only if he could get a higher margin by
selling offline than online (i.e., p— ¢ > w). Nonetheless, even if store fulfillment is attractive to the
retailer, store sales can occur only if consumers are willing to pay a visit to the store. The first
condition of Proposition |1 ensures that: (i) the store in-stock probability is large enough, and (ii)
the online hassle cost dominates the store hassle cost, so that when put together, consumers are
willing to risk encountering stockouts and come to the store. Under the conditions of Proposition

[} there is a participatory equilibrium.

Now, we turn to the scenario where the retailer implements BOPS on the product. With this
added functionality, consumers assess information online and face one of two possible situations.
The first possibility is that the product is out of stock at the store and BOPS is not an option;
in this case, the consumer simply buys from the online channel. The other possibility is that the
product is in stock and BOPS is feasible; in this case, the consumer chooses where to shop and
we discuss this decision problem below. We stress that with the introduction of BOPS, consumers
no longer have to form beliefs about inventory availability because this information is immediately
accessible online. In other words, a useful by-product of BOPS is inventory availability information,

which is provided on a real-time basis.

When BOPS is a viable option, the consumer faces a choice between three alternatives: buy
online, buy in store, or use BOPS. To distinguish between the last two options, we introduce a
new model parameter hy, which is the hassle cost associated with using BOPS. Although BOPS
consumers still need to go to the store after making their purchases online, the process is different
from buying in store; for example, BOPS consumers do not search for products in store because
their orders would already have been picked and packed by store staff. Therefore, the BOPS hassle

cost hy differs from the store and online hassle costs hg, h,. With this setup, all three alternatives



yield the utility v —p — h;, where the hassle cost h; corresponds to the shopping mode chosen by the
consumer. In other words, utility maximization boils down to choosing the shopping mode with
the lowest cost. When the online channel offers the lowest hassle cost, consumers never go to the
store. When the store hassle cost is lowest, consumers buy in store but only after verifying online
that the product is in stock. When the BOPS hassle cost is lowest, consumers place orders online

for store pickup.

We are now ready to write down the retailer’s profit function with BOPS. When consumers
choose to go to the store (i.e., when the online hassle cost h, exceeds either the store hassle cost

hs or the BOPS hassle cost hyp), the profit function is
7(q) = pEmin (D, q) — cq + rEmin (D, q) + wE (D — ¢)*.

This is because when the store inventory level is ¢, there are on average E min(D,q) customers
who come to the store, since they come to the store only when a corresponding unit is available.
The first two terms above correspond to the newsvendor profit from selling the product and the
third term corresponds to the additional cross-selling profit. Finally, when demand exceeds store
inventory, customers who find that the store is out of stock can still choose to buy online; this
yields the last term. In the other case where all consumers prefer shopping in the online channel
(i.e., when h, is the smallest hassle cost), the retailer will stock nothing in the store (i.e., ¢ = 0)

and earn an expected profit m = wED.

We use superscript (-*) to denote the market outcome with BOPS, which is given in the

following proposition:

Proposition 2. If min(hg, hy) < h, and p — ¢ > w — r, then customers visit the store and ¢* =

F—1 (p+f_w). Otherwise, no one comes to store and ¢* = 0.

Proposition 2 (after BOPS) differs from Proposition|[l] (before BOPS) in three significant ways.
First, the condition hs < £° - h, in Proposition (1| is weakened to min(hs, hy) < h, in Proposition
in particular, the term corresponding to the in-stock probability £° vanishes. This discrepancy
suggests that the risk of stockouts is no longer of concern after the introduction of BOPS. Indeed,
BOPS provides real-time inventory information that essentially guarantees availability once an
order is placed. In this way, BOPS attracts consumers to the store. The second difference is that

the condition p — ¢ > w in Proposition [l| is weakened to p — ¢ > w — r in Proposition The

10



former condition requires the margin to be higher in store than online for the retailer to carry the
product in store, but the latter condition combines the store margin with the cross-selling benefit.
In other words, BOPS makes it more attractive for retailers to carry products in store; due to the
cross-selling benefit r, the retailer may wish to carry a product in store even when the store margin
is lower than the online margin. However, inventory now becomes more important: with BOPS,
the retailer loses both the product margin p — ¢ as well as the cross-selling benefit r in the event of
a stockout. This brings us to the third difference between Propositions [I]and [2} the critical fractile
and hence the in-stock probability is higher with BOPS. This occurs because the underage cost
increases from p — ¢ —w to p — ¢ — w + r after the introduction of BOPS. Consequently, the retailer

has the incentive to increase inventory to lure more customers to the store.

In summary, we find that BOPS impacts store operations in two main ways. First, BOPS
expands the set of products that may be offered at the store. For such products, omnichannel
consumers who were previously unwilling to buy in store can be swayed by BOPS to visit the
store. These products may originally be online exclusives but are now profitable to bring to retail
stores. Second, for products that were originally carried at the store, BOPS leads to an increase
in the in-stock probability. In other words, the store channel stocks more inventory, and would
consequently end up with more leftover inventory. Excess inventory appears to be an inevitable
downside of BOPS implementations (Reuters, 2014), but despite this downside, the next section

shows that BOPS may be accompanied by increased profits.

4 Information Effect and Convenience Effect

In this section, we compare the market outcomes before and after the introduction of BOPS (i.e.,
Propositions [1| and . With the following comparison results, we are able to identify two main

effects of BOPS, i.e., the information effect and the convenience effect.

Let us first describe the framework for our analysis. Based on Propositions [1| and [2| we note
there are three parameter regions. In some cases, consumers who were initially unwilling to visit
the store will find the trip more appealing after the BOPS option is made available. In some other
cases, BOPS will have no impact on channel choice: consumers always prefer a particular channel
regardless of the BOPS option. These possibilities are summarized in Figure [l below. Specifically,

our three parameter regions are as follows:

11



: —1 c
i. In the “Always” regions (i.e., hy < Emm(Df (” _w)> he and p — ¢ > w), consumers always
. Gy s > ED o p ’ y

buy the product in store, regardless of the implementation of BOPS;

ii. In the “Never” regions (i.e., min(hs, hy) > ho or p—c¢ < w —r), consumers never come to the
store, preferring to buy the product online;

Emin [D,F;;(Z,fw /\1)] he, min(hg, hy) < hy and p—c > w—r),

iii. In the “BOPS” regions (i.e., hgs >
consumers come to the store only if BOPS is available. The “BOPS” regions are further

labeled “Information” or “Convenience” as discussed below.

Figure 1: Do consumers buy the product in store?

holl holk
Always Always
BOPS BOPS
(Information (Information
hg |- = hy | = e
BOPS (convenience)
Never hy “Never |
w—r w I; —c w—r w PE —C
(a) hy > hg (b) hy < hg

In the following analysis, we will examine the impact of BOPS on the retailer’s profit by sepa-

rately considering different parameter regions in Figure[ll We begin with the following proposition.

E min [D,F'_l ( €
p—w

Proposition 3. If hs € 5D )] ho,ho| and p —c > w — r, then customers visit the

store only if BOPS is available. Further, BOPS increases total profit (i.e., 7" > mw°).

The conditions in Proposition [3| correspond to the “BOPS” regions labeled “Information”
in Figures and In these parameter regions, BOPS influences consumer shopping behavior
through the information sharing mechanism discussed in the previous section. By revealing real-
time information about store inventory status, BOPS draws additional customers to the store;
these customers were previously unwilling to visit the store because they were discouraged by the
possibility of stockouts. In such cases, Proposition [3| confirms that BOPS leads to increased profit

for the retailer. This increase in profit arises because the store profit margin p — ¢, combined

12



with the cross-selling benefit r, exceeds the online margin w. In other words, through information

provision, BOPS brings about a demand shift to the more profitable store channel.

There is a subtle difference between the two “BOPS (Information)” regions of Figures [lal and
[l Although demand shifts to the store in both cases, they occur in different ways. In the “BOPS
(Infomation)” region of Figure since the pickup hassle cost h; exceeds the store hassle cost
hs, offering BOPS induces consumers to buy in store after verifying availability online, without
actually using the BOPS functionality. On the other hand, in the corresponding region of Figure
consumers indeed buy online and pickup in store when the option is available. We separately

discuss these two behaviors in the next two paragraphs.

When consumers verify availability online without actually using the BOPS functionality,
BOPS simply serves as a source of information. The same market outcome arises if the retailer
simply provides real-time availability information on the website (i.e., directly showing whether or
not store is in stock). This strategy has been adopted by retailers such as Gap and Levi’s. Our
model can be applied to study this pure information sharing mechanism, which can be regarded
as a special case with hy > hs. In this special case, BOPS generates an interesting dynamic: after
the implementation of BOPS as an added online functionality, online sales may decrease, while
store sales may increase. This phenomenon was first identified by |Gallino and Moreno| (2014)), who

undertake a comprehensive empirical study of a US retailer with a recent BOPS implementation.

On the other hand, when the pickup process is relatively hassle-free, consumers will indeed buy
online and pickup in store. In this case, apart from eliminating the risk of stockouts as described
above, BOPS also provides consumers with a more convenient means of shopping. In this sense,
comparing the two “BOPS (Information)” regions in Figures|[la]and consumer surplus is higher

in the latter than in the former.
The next proposition examines the “BOPS” region labeled “Convenience” in Figure
Proposition 4. If hy < hy, < hs and p — ¢ > w — r, customers visit the store only if BOPS is

available. Further, BOPS increases total profit (i.e., m* > 7°).

The above result highlights the importance of shopping convenience for BOPS to attract
consumers to the store. By additionally providing convenience, BOPS becomes more powerful
than a pure information sharing mechanism. In the “BOPS (Convenience)” region of Figure

a pure information sharing mechanism can never attract customers to the store; even if customers
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are guaranteed availability in store, they still prefer to buy online because the online hassle cost
is lower than the store hassle cost (i.e., h, < hs). However, once BOPS is available and provides
convenience that trumps an online order (i.e., hy < h,), customers may now prefer to buy online and
pick up in store. This shopping mode benefits the retailer because customers may buy additional
products (yielding profit ) when they pick up their products. As long as the store margin p — ¢
and cross-selling benefit r exceeds the online margin w, the convenience dimension of BOPS will

lead to increased profit for the retailer.

Proposition [4] provides a word of caution for retailers. Although making the pickup process
more convenient is potentially a good way to improve the profitability of BOPS, retailers should
exercise care in preserving the cross-selling benefit. In particular, some retailers have introduced
drive-through service that allows customers to receive their orders without leaving their cars (New
York Times| [2012; Bloomberg},2012). Although this will help to reduce hassle in the pickup process,
it will also prevent people from entering the store and thus lead to a loss of the cross-selling benefit
r. According to Proposition [4] if the margin from selling this particular product in the store is
very high (i.e., p — ¢ > w), then it is still profitable for the retailer to implement BOPS even if
r = 0. However, if profit margins are lower in store than online, then the cross-selling profit r
plays an important role; in this case, drive-through service may hurt the retailer’s overall profit by

neutralizing the advantages of cross-selling.

There is a delicate balance between pickup convenience and cross-selling potential. While
consumers appreciate a more convenient pickup process, retail managers wishing to make the most
out of the cross-selling opportunity may choose to locate the pick-up counter at far corners of the
store so that shoppers have to walk through the entire store before picking up their online orders
(Retail Dive, [2015). This tradeoff is illustrated in Figure At one extreme, setting the pickup
counter at the back of store maximizes both pickup cost hj and cross-selling benefit r (i.e., the
red L-line). At the other extreme, providing drive through pickup service minimizes both h; and
r (i.e., the green L-line). As both h; and r increase, the L-line in Figure |1l moves up and left, and
the “BOPS” region changes. The optimal location of the L curve depends on retailer’s portfolio of
products. According to Figure [2], if most of the retailer’s products have high store profit margins
(i.e., p — c is large) and can be easily purchased online (i.e., h, is small), then the retailer should
seek to make the pickup process more convenient; in contrast, if most of the retailer’s products

have low store profit margins (i.e., p — ¢ is small) and are difficult to purchase online (i.e., h, is
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large), then setting the pickup counter far from the store entrance is a better strategy.

Figure 2: Impacts of BOPS hassle cost hj and cross-selling benefit r

hO“ = High hy and r
== Moderate h; and r
= Low hy and r
hs
min(hg, hy) |
w—r w p—=cC

The next proposition tells a different side of the story. Although BOPS brings about many

benefits, it may lead to reduced profits in some cases.

. Emin(D,F_l( fw>> ..
Proposition 5. If hy < TR ho and p — ¢ > w, customers visit the store regardless

of the implementation of BOPS. Further, if r > 0, then BOPS decreases total profit (i.e., 7* < 7°).

The conditions of Proposition [5| correspond to the “Always” regions in Figures and
In these regions, consumers choose to visit the store regardless of BOPS. Here, BOPS has an
important but easily overlooked effect. Prior to the introduction of BOPS, all customers were
already willing to visit the store, but after BOPS is made available, fewer consumers will come to
the store. This is because customers who attempt to place an order online but find that the item
is not in stock for pickup will no longer go to the store. As store traffic decreases, the retailer
loses the potential profit from cross-selling. The loss of cross-selling benefits (i.e., whenever r > 0)
leads to a reduction in total profits, as shown in Proposition Since BOPS can be selectively
implemented, our result suggests that the BOPS option should not be offered on products that

have been attracting considerable demand to the store.

Our results differ from existing findings in the literature because we study a different infor-
mation sharing mechanism. In our model, BOPS provides real-time information about the store
inventory status, i.e., customers are informed that the product is available until inventory runs out.
However, in |Su and Zhang| (2009)), the focus is on quantity commitment, i.e., the retailer commits
to an initial inventory level in the store. With quantity commitment, the retailer may be able to

use a small amount of store inventory to attract a large number of customers to visit the store.
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In particular, when the cross-selling benefit is very large, the retailer may still choose to stock the
product in the store even if it is more profitable to sell online, with the hope of attracting customers
to make additional purchases in store. Such a “loss leader strategy” is no longer feasible when the
retailer implements BOPS, because customers have access to real-time store inventory information
and will not visit the store after the product is out of stock. Therefore, we find that BOPS, by
providing real-time inventory information, may decrease profits, while |Su and Zhang (2009)) find

that quantity commitment is generally valuable.

In summary, BOPS has two effects: it provides customers with real-time information about
in-store inventory availability and it introduces a new shopping mode that may add convenience
to customers. The former effect (information effect) helps attract customers to the store by letting
them know about inventory availability, but it is a double-edged sword in that when inventory is
not available, it turns away customers who might be willing to visit the store. The latter effect
(convenience effect) applies when customers use the store pickup functionality, as opposed to simply
using BOPS as a source of availability information; it draws customers to the store and may even

open up new sources of demand.

When put together, the information and convenience effects of BOPS yield different profit
implications. Figures[la] and [1b| present a clear distinction: in the “BOPS” regions, BOPS leads to
higher profits, but in the “Always” regions, BOPS leads to lower profits. The difference between
these two regions is that, prior to the introduction of BOPS, consumers were already willing to visit
the store in the latter but not in the former. These results suggest that BOPS should be offered
for products with weak store sales but not those with strong records to begin with. In other words,
it is likely profitable to implement BOPS on in-store “underdogs” but may not be so for in-store

“favorites.”

5 Heterogeneous Customers

In this section, we incorporate customer heterogeneity. For example, some customers may reside
further away from the store than others; some may be more impatient than others and are thus
more averse to waiting for online delivery. In our model, the store and online hassle costs hg, ho
may now differ across customers. Specifically, customers are uniformly distributed across the fol-

lowing “square” {(hs,ho)|hs € [0, H],h, € [0,H]|}, where H > v — p (i.e., some customers have
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a prohibitively high hassle cost in one channel). The goal is to study the impact of BOPS on a

retailer’s customer base in such a heterogeneous market.

We begin by considering the scenario in the absence of BOPS. In this case, each customer has

three options: go to the store, buy online, or leave the market. The corresponding utilities are:

Us = _hs+é(v_p)+(l_§)u2_,
Uy = v —p—he,
u;, = O,

where f denotes the belief about store inventory availability as before. Note that customers who
find the store out of stock will buy online only if doing so is preferred over leaving the market. As
customers make utility-maximizing choices (which depend on their hassle costs hg, h,), the market
is divided into four segments, as depicted in Figure (a). Specifically, there are “pure online”
customers (who buy online directly), “store—online” customers (who visit the store but switch
online when the store is out of stock), “pure store” customers (who visit the store exclusively),
as well as customers who simply leave the market. Denote the fractions of these four types of
customer as ay,, a0, s, and qg, respectively. Given that consumers are uniformly distributed

in {(hs, ho)|hs € [0, H], ho € [0, H]}, we can find that a, = L2 — SCB2 o €oop? 0
[H—(v—p)][H—&(v—p)]
H? :

§(v=—p)(H—(v—p))
H2

,and ap =

On the supply side, the retailer faces the following profit function:

~

m(q) = pE min ((&s + o) D, q) —cq+7E (G5 + dso) D+wEdOD+wEﬁ((&S + ) D — q)"

(2)
where &,, &0, G5, and @; denote the retailer’s beliefs over the a’s above. Given the store inventory
level ¢, the newsvendor expected profit from selling the product in the store channel is shown in
the first two terms above. The third term captures the additional cross-selling profit r from every
customer coming to the store. The last two terms above show the retailer’s online profit. The
fourth represents profit from customers who shop online directly; the last represents profit from
customers who switch to online after encountering stockouts in store, in which case we assume store
customers have equal chance of being rationed. With the profit function above, the retailer chooses

q to maximize expected profit.
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Definition 2. A RFE equilibrium (ao,aso,,as,al,q,é, Ao, Qso, Gis, ) satisfies the following:

i Givené, then a, = %—7&;};@)2, Qgo = g(;);;)z, s = —S(U_p)(gz_(v_p)), and o =

[H—(v—p)][H—£(v—p)] .
H?2 ’

ii. Given Gy, Qso, G5 and &y, ¢ = arg max, m(q), where (q) is given in (@);

i €= Alg), where A(q) = Zminlletaz)Da),

W. Qs = Qg, Qp = Qp, Ogo = Q5o and & = qy.

The following proposition gives the RE equilibrium. As before, we use the superscripts -° and

-* to denote the no-BOPS and BOPS scenario, respectively.

£°(v—p)(H—(v—p)) >

Proposition 6. If p—c > wﬁf_p), then there are customers visiting store (a5 = i

0, ag, = gog};f)Q > 0) and ¢° = (a2 +a2,) F! <C), where the equilibrium store in-

v—p
min (D,F'_1 <Cvp ))
— pE;} 2H—(v—p)

P=WIH (v—p)

stock probability is £°
£ =0.

. Otherwise, no one comes to store and ¢° = 0,

Next, we turn to the scenario where the retailer implements BOPS on the product. When a
customer uses BOPS, she experiences hassle in both online and offline worlds. For example, she
needs to go through the online payment process and she also has to go to the store to pick up the
product. As a result, we assume the hassle cost of using BOPS is given by hy = Bshs + 8oho, where
Bs, Bo € (0,1). Further, as explained before, all customers have access to information about store

inventory status before they visit the store.

Now, we consider customer choice in the presence of BOPS. There are two cases to consider.
First, when the store is in stock, the consumer faces a choice between four alternatives: buy online
(with payoff v —p — h,), buy in store (with payoff v —p— hs), use BOPS (with payoff v —p— hy), or
leave (with payoff 0). Based on their individual hassle costs, consumers choose their shopping mode
with the highest payoff. Second, when the store is out of stock, only customers with h, < v —p
will choose to buy online, while the rest will leave. With the above decisions, the market is divided
into six segments, as depicted in Figure b). In addition to the four segments described before,
we now see “BOPS—online” customers (who use BOPS if the store is in stock but switch online

otherwise) and “pure BOPS” customers. Denote the fraction of these two new types of customer
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as o, and aj. We can calculate the sizes of these six customer segments as follows:

1
af = —dhgdh,, 1 = 0,50,s,1,b0,b
/A; H?

where
A% ={(hs,ho) |lv —p — ho > max(v —p — hs,v —p — hp,0)}
A% = {(hs,ho)|v — p— hs > max(v — p — hy,v —p — hy,0),v —p — h, > 0}
A% ={(hs, ho) |[v —p — hs > max(v —p — ho,v —p — hp,0),0 > v —p — hy}
A = {(hs, ho) |0 > max(v —p — ho,v —p — hs,v —p — hy)}
o = 1(hs, ho) v —p — hy > max(v —p — ho,v —p — hs,0),v —p — hy > 0}
A = {(hs,ho)|v —p —hy > max(v —p — ho,v —p — hs,0),0 > v —p — ho}
Figure 3: Market Segmentation with and without BOPS
hg h
H H
max (1, i ;:?o) () "
pure leave pure
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oPS ->
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0 u H 0 - ! H
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Next, the retailer’s profit function can be expressed as follows:

7(q) =pEmin ((a + a3 + ai, + aj,) D, q) — cq + rEmin ((f + o + o, + o3,) D, q)
Vo + Oy
ay + oy +af, + o,

wEa;D +wE ((ai+ap + oty +aj,)D—q)"

To understand this expression, note when the store inventory level is ¢, there are on average
Emin((af + of + af, + o) D,q) customers who come to the store, since they come to the store

only when a corresponding unit is available. The first two terms above correspond to the newsvendor
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profit from selling the product and the third term corresponds to the additional cross-selling profit.
The last two terms represent the profit from the online channel: the fourth term is the profit from
those who buy online directly, while the fifth term is the profit from those who prefer to go to store

but buy online instead because of store stockouts.

Proposition 7. When there is BOPS, the market outcome is given as follows:

. . agotay, - L
o ifp—c> Wotto: rosorar, — T then there are customers visiting store and
* * * * * —1 c .
g = (o +ap +ag, +ap,) F ( afotor, > ;
P o F o oar,
o if < @500, th to st dq*=0
=S Warai o ar — s then no one ever comes to store and ¢* = 0.

With a homogeneous population of customers, we identified three possible scenarios (as shown
in Figure[l]in Section[4). Consumers may: (i) always visit the store, (ii) never visit the store, or (iii)
visit the store only after BOPS is implemented. With a heterogeneous consumer population, these
types of behavior may coexist, as shown in Figure [4] (which is obtained from comparing Figures (a)
and (b)) In other words, there are three types of customers, each exhibiting a specific response
to BOPS. Moreover, the retailer’s profit from each type of customers follows the same pattern as
before. If a consumer always visits the store (as those in the “Always” region), then the retailer’s
profit from this customer decreases after BOPS is implemented; she stops coming to the store
once she knows that the store is out of stock and thus the retailer loses the potential cross-selling
benefit. Next, if a consumer visits the store only after BOPS is implemented (as those in the
“BOPS” region), then BOPS increases retailer’s profit. Finally, if a consumer never shops in the

store (as those in the “Never” region), then offering BOPS does not affect the retailer’s profit.

The next proposition shows the impact of BOPS on the retailer’s overall customer base.

Proposition 8.

i. BOPS helps to expand market coverage, i.e., a + aj + ap + o, + ap, > ag + o + ag,;

1. Suppose r = 0. If there are customers visiting store when there is no BOPS, then there exists
w such that the implementation of BOPS decreases total profit (i.e., 7* < w°) if Bs + Bo < 1

and w > 0.
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Figure 4: When do consumers go to store?
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Before BOPS is implemented, customers who face high hassle costs in both store and online
channels do not consider purchasing from the retailer. Part (i) of Proposition [8 shows that BOPS
could provide a way for the retailer to reach these customers. By alleviating the risk of stockouts and
reducing the hassle of shopping, BOPS could attract some new customers to join the market. This
market expansion effect could also be seen from the reduction of the “leave” region in Figure (b)

compared to Figure [3§[a).

While reaching out to new customers, BOPS may change the behavior of existing customers.
Specifically, the more convenient BOPS is, the more existing online customers will choose to pick
up their orders in store; this shift will hurt profits if the store profit margin is lower than the
online profit margin. This potential drawback of BOPS may exist even when r = 0, as shown in
Proposition (ii). In other words, apart from possibly eliminating cross-selling opportunities (when
r > 0) as discovered earlier, BOPS has another potential drawback of shifting demand to a less

profitable store channel.

6 Decentralized System

In this section, we study the scenario where the store and online channels are operated by two
separate teams, with the goal of understanding how BOPS revenue should be allocated. We begin

by examining the case with homogeneous customers and then later extrapolate our findings to
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the case with heterogeneous customers. (A detailed analysis of the decentralized system for the
heterogeneous market is given in Supplementary Appendix ) We assume that the conditions in
Proposition [2 hold (i.e., min(hs, hy) < h, and p — ¢ > w — r) and BOPS hassle cost is lowest
(i.e., hy < min(hs, hy)); otherwise, there would be nobody using BOPS and the issue of revenue

allocation becomes irrelevant as the system collapses into two independent channels.

We use 0 € [0, 1] to denote the share of BOPS revenue that the store obtains. In other words,
for every customer who purchases online and picks up in the store, the store earns 0p from selling
the product. Note that once the customer comes to the store, the store could also get an additional
profit r through cross-selling. Therefore, the total revenue that the store could receive from fulfilling
each unit of BOPS demand is @p+r. Then, the store’s expected profit as a function of the stocking

decision ¢ is given below. Here, we use the “tilde” symbol (%) to denote the decentralized case.
s = (0p+r) Emin (D, q) — cq

Proposition 9. In the decentralized system, the store will stock ¢* which is given as follows:

o If0p+r—c>0, then §* = F~! (apir);

o IfOp+r—c<O0, then g* =0.

In practice, according to the survey conducted by Forrester Research (Forrester, 2014)), the
two most common revenue sharing schemes are either giving the store full credit (i.e., # = 1) or
letting the online channel keep all the revenue (i.e., § = 0). According to Proposition EI, when
0 = 1, the store will definitely stock the product to serve BOPS users, because he can not only
receive a positive profit margin from selling this particular product, but he may also be able to
cross sell other products to those who come to store for pickup. However, if § = 0, BOPS customers
represent a pure cost to the store; then, the store may choose not to stock the product in store,
unless the cross-selling benefit is large enough to offset the loss from serving BOPS customers (i.e.,

r > c).

What is the optimal share of BOPS revenue that should be allocated to the store? We use
7*(0) to denote total profit in the decentralized system with revenue allocation 6. For any given 6,
the next proposition compares decentralized and centralized inventory decisions and shows that the

store is usually either overstocked or understocked, relative to the centralized benchmark. However,
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there is an optimal revenue share, under which the decentralized system achieves the centralized

optimal profit.

Proposition 10. Total profit 7(0) is quasiconcave in 6. Moreover,

o iff < %, then ¢* < ¢* and 7*(0) < 7*;
o if ) = %, then ¢* = ¢* and 7*(0) = 7*;

o if > %, then ¢* > ¢* and 7*(0) < 7*.

Proposition [10] points out an incentive conflict between the store channel and the retail orga-
nization. If the store channel obtains a large share of BOPS revenue, they tend to stock too much.
This is because the store channel considers only store profits but neglects the fact that customers
may still be willing to shop online after the store runs out of inventory for customers to pick up.
In contrast, if the store is allocated only a small share of BOPS revenue, they tend to stock too
little. Since the store channel incurs the inventory cost for fulfilling BOPS demand, it is natural
to suppress inventory to decrease exposure to potential losses. In general, it is optimal to give the
store partial credit for the revenue earned from BOPS customers. In fact, our result also shows
that such a simple revenue sharing mechanism is sufficient for the retailer to fully coordinate the

store and online channels.

Proposition (10| shows that the optimal revenue share §* = % coordinates the decentralized
system and achieves the centralized optimal profit 7*. With this optimal revenue share, the incen-
tives of the store channel are aligned with the entire organization. According to Proposition [9] the
decentralized store channel holds stock if and only if @p+r — ¢ > 0. However, from the perspective
of the entire organization, as we have shown in the previous section, it is optimal to stock the
product in the store as long as p — ¢ > w — r, i.e., whenever the store margin p — ¢, combined with
the cross-selling benefit r, exceeds the online margin w. The revenue share 6 that aligns both sets

p—w

of incentives is precisely 6* = =

Note that the optimal share for the store channel 6* = % is decreasing in w. The reason is
as follows. As the online margin w increases, it becomes more profitable to sell through the online
channel. However, in the absence of BOPS, the store will continue to stock the same amount of

inventory since they tend to neglect the profit from online orders. Through sharing the BOPS

revenue, the retail organization has a natural way to correct for the misaligned incentive. By
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allocating less revenue to the store channel for fulfilling BOPS demand, the retail organization can
induce the store channel to lower their inventory level. This compensates for the incentive conflict

and allows more demand to flow to the more profitable online channel.

Although Proposition [I0] shows that the optimal revenue sharing mechanism will achieve full
centralized profits in a homogeneous market, Appendix |B| presents a different result for a hetero-
geneous market. Specifically, when the proportion of customers who use the BOPS functionality
is too low, the amount of BOPS revenue to be shared between the channels may be insignificant
and as a result, a simple revenue sharing mechanism cannot fully coordinate the omnichannel re-
tail system. The analysis in Appendix [B] highlights the benefit as more customers adopt BOPS:
the increased stream of BOPS revenue can provide headquarters with more leverage to alleviate

incentive conflicts between the store and online channels.

Omnichannel retailers who recognize the incentive conflicts brought about by BOPS have
begun to experiment with simple revenue sharing schemes. A common and simple approach is to
assign full credit for the sale of a BOPS item to both store and online channels. In other words,
there is some double counting on internal books that are subsequently adjusted for. Depending
on accounting protocols, this method is usually akin to allocating equal revenue shares to each
channel. Since the optimal revenue share may not be 50%, the simple heuristic described above

has room for improvement, and our analysis provides a possible way to think about how to do so.

In practice, a retailer may carry a large number of SKUs with different prices and margins.
Admittedly, it would be impractical to set a different revenue sharing parameter 6 for each SKU.
Instead, a retailer may want to have a common 6 for a group of products. In such case, since the
optimal profit function 7*(0) is quasiconcave in 6, the optimal 8*’s given in Proposition [10| for the
group of products could serve as benchmarks for the retailer to find a common compromise 6 that

is close enough to each of the different *’s.

7 Conclusion

In this paper, we study a specific omnichannel fulfillment strategy: buy-online-and-pickup-in-store
(BOPS). We develop a stylized model that captures essential elements of omnichannel retail envi-
ronments; in particular, consumers strategically choose channels for purchase and fulfillment. We

find that BOPS attracts consumer demand through an information effect and a convenience ef-
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fect. The former effect arises because BOPS reveals real-time information about store inventory
availability. Products that are available for store-pickup must be in stock. With this assurance,
customers are more willing to visit the store. The latter effect arises because BOPS offers a new
and possibly more convenient mode of shopping. By helping consumers pick out items and move

them to checkout counters, BOPS reduces the hassle of shopping.

Even though BOPS is a popular fulfillment option among consumers, we find that retailers
need to be cautious when implementing it. Retailers can benefit from this new fulfillment strategy
by being selective when choosing the set of products eligible for in-store pickup. BOPS can help
attract more customers to the store and thus boost the sales of products that were previously
not selling well; however, for store bestsellers, offering the BOPS option may have the unintended
consequence of reducing store traffic. Moreover, although BOPS can be a good strategy for a
retailer to build up its customer base, BOPS may at the same time drive existing online customers
to the store channel where the profit margin might be lower compared to the online channel.
Finally, retailers with decentralized operations can maximize profits by allocating BOPS revenue
between the online and store channels appropriately, and giving full credit to either channel is

seldom optimal.

To simplify the analysis, we have imposed two assumptions in our model: (1) The online
channel is exogenous and always in stock, and (2) all customers check the information online
when BOPS is offered. As robustness checks, we have built two model extensions to relax the
assumptions above. Specifically, in Supplementary Appendix [C] we consider the case where the
retailer has limited inventory in both the store and online channels; in Supplementary Appendix
we consider customers who simply head to the store by default (e.g., they may forget or simply not

care to check websites beforehand). Our key results remain valid in these model extensions.

Beyond the scope of our current analysis is the potential impact of BOPS on operational
costs. On the one hand, BOPS helps to reduce online shipping costs since it transfers the burden
of last-mile delivery to customers. On the other hand, BOPS is accompanied by new fulfillment
responsibilities wherein a retailer’s comparative advantage may not lie. For example, stores need to
train their workforce to perform pick-and-pack tasks in a timely fashion (Forrester] [2014)), and to
handle increased demand, stores need to hire more employees to deal with online orders (Business
Insider, [2012). A more careful cost-based analysis of BOPS is left as an interesting topic for future

research.
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Some products, such as clothes, have non-digital attributes that can be communicated only
in the offline channel (Lal and Sarvary}, [1999). Customers who buy online may not know how
much they like the product, and some online purchases may eventually be returned. |Gao and
Su/ (2015) develop a similar model where a retailer could deliver product information in an om-
nichannel environment. One of the information mechanisms they study is virtual showrooms, by
which consumers can virtually try on a product online; for example, on the website of UK luxury
shirt brand Thomas Pink, consumers can check the fit of a shirt through a digital avatar. Such
informational mechanisms can be a double-edged sword: while they help to reduce online returns,
omnichannel channel consumers may not patronize the store after a negative virtual try-on ex-
perience. Additional research can further clarify the effectiveness of omnichannel informational

strategies.

The omnichannel strategy discussed in this paper, BOPS, addresses purchases that originate
online but are completed in the store. In the spirit of Bell et al.| (2014), who provide a framework
for omnichannel retail, BOPS customers receive information online but their demand is fulfilled in
the store. The reverse type of shopping behavior is where customers research the product in stores
and then shop online, usually at lower prices. This is known as showrooming behavior and has been
critiqued widely: showroomers and e-tailers are accused of free-riding on inventory displays at brick-
and-mortar stores (Wall Street Journal, 2012a,bl). Recent research by Balakrishnan et al. (2014)
shows that showrooming behavior intensifies retail competition, and Mehra et al| (2013)) studies
how a brick-and-mortar retailer can counteract showrooming behavior through strategies such as
price matching and retail club memberships. Taking the e-tailer’s perspective, Bell et al. (2013)
empirically studies the value of providing offline showrooms to mitigate customer uncertainty. We

hope that our model in this paper can contribute to this exciting line of research.
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Supplementary Appendix

A  Proofs

Proof of Proposition[]]: Let’s look for participatory RE equilibrium, where ¢ = 1 and ¢ > 0. All

we need to do is to check the four conditions specified in Definition

First, we look at retailer’s problem: Given belief (Z), the retailer maximizes total profit m =
pEmin(¢D, q) — cq + rE(@D) +wE((1 — $)D) + wE($D — )" = (p—w)Emin(3D, q) - cq+(dr+

w)ED, which is a typical newsvendor problem (plus a constant ((JBT + w)ED), and therefore the

optimal order quantity ¢° is given by F' (%) = < A1, where = A y means min(z,y).

p—w

Since in equilibrium, the retailer’s belief is consistent with the outcome, we have ¢2 =¢=1

Thus, ¢° = F~! (pfcw A 1). Since ¢ > 0 in the participatory equilibrium, we must have p — ¢ > w
and thus ¢° = F~! (L)

p—w
Note in equilibrium, we also need consumer’s belief to be consistent with the outcome, i.e.,

£ = A(¢°) = Emin(¢D, ¢°)/E(¢D) = Emin(D, F'(;5,))/ED.
Finally, we go back to consumer’s decision. To ensure ¢ = 1, we need ug > u,, i.e., hy < éoho.

Emin(D,F~1(=—=-
Therefore, we need hy < min( - (pfw))ho.

Based on the analysis above, we find the conditions for a participatory equilibrium are hg <

Emin(D,F~! (< e . —
min( ) (”‘w))ho and p—c > w. And the equilibrium outcome is ¢ = 1 and ¢° = F~! (ﬁ) O

Proof of Proposition [J: If min(hs, hy) < h,, then the profit function 7 = pE min (D, q) — c¢ + rE min (D, ¢)+

wE (D —q)t = (p+ 7 —w)Emin(D, q) — cq + wED, which is a typical newsvendor problem (plus

a constant wED). Thus, the optimal order quantity ¢* is given by F(q*) = p+f_w A 1. Then, if

c
p+r—w

p—c>w—r, we have ¢* = F~! ( );otherwise, q-=0.

If min(hs, hy) > he, then no customer comes to store and thus the retailer will stock nothing

in the store, i.e., ¢* = 0. O
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o Emin[D,F_1< fw/\1>]
Proof of Proposition|[3: If hy € D ho,ho| and p — ¢ > w — r, then

7* = pEmin (D, ¢*) — ¢¢* + rEmin (D, ¢*) + wE(D — ¢*)*
=(p+r—w)Emin(D,q") — c¢* + wED
>wkD

:ﬂ'o

where the inequality is due to the fact that ¢* > 0. This completes the proof. 0

Proof of Proposition[J]: If hy < hy < hs and p— ¢ > w — r, then ¢* = F~! (p+f_w) > (0 because of

Proposition [2l Then,

7* = pEmin (D, ¢*) — ¢¢* + rEmin (D, ¢*) + wE(D — ¢*)*

=(p+r—w)Emin(D,q") — cq* + wED

>wkED
= 7]'0
where the inequality is due to the fact that ¢* > 0. This completes the proof. O
L Emm(DF ( ))
Proof of Proposition[5: If hy < D ho and p — ¢ > w, we have ¢° # ¢* when r > 0.

Then
7° = pEmin (D, ¢°) — c¢° + rED + wE(D — ¢°)*

= (p° —w) Emin (D, q°) — c¢° + ED + wED

(p* —w) Emin (D, q¢*) —c¢* + rED +wED

(p* —w) Emin (D, ¢*) — ¢¢* + rEmin (D, ¢*) + wED
p*Emin (D, ¢*) — c¢¢* +rEmin (D, ¢*) + wE(D — ¢*)*

:’]‘(‘*

VoV

where the first inequality is due to the strict concavity of the newsvendor profit function and ¢°
is the unique maximizer of 7°, and the second inequality is because ED > Emin(D,q) for any q.

This completes the proof. ]

Proof of Proposition [: Note nonparticipatory equilibrium, (“z£,0,0,0,0,0, “£2,0,0,0), always ex-
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ists. Same as what we did in the base model, we are going to look for participatory equilibrium,
where af > 0,a2, > 0 and ¢° > 0. All we need to do is to check the four conditions specified in

Definition 2

First, we look at retailer’s problem: Given belief &,, &, &0, the retailer maximizes total profit

7 = pEmin ((&s + ds0) D, q) — cq + 7E (G5 + bs0) D + wEd,D + wE 852 ((ds + ds0) D — q) T =

Qs+aso

(p - wdséj;*gso) Emin((&s + s0)D,q) — cq + ((Gs + Gso)7 + (G0 + dso)w)ED, which is a typical

newsvendor problem (plus a constant ((&s + éso)r + (G + Giso)w)ED), and therefore the optimal

. o . — qo _ c
order quantity ¢° is given by F (&SJF&SO) Qi Al

Since in equilibrium, the retailer’s belief is consistent with the outcome, we have &; = af,

ago J— v—p
attes, = —(v_p)c IhUS,

i = 0,s,s0. Note, in any participatory equilibrium, & > 0. Then,

p—w 2H—(v—p)

¢ = (aS+a)F! <Cvp A 1). Since ¢° > 0 in the participatory equilibrium, we must
— __vp _ o __ o o —1 I
have p — ¢ > w7 —; and thus ¢° = (o 4+ ag,)F <p_w2HU?vpp> )
Note in equilibrium, we also need consumer’s belief to be consistent with the outcome, i.e.,

£ = Al¢®) = Emin((a3 + 0,)D,¢°)/E((0 + 03,)D) = Emin(D, F~(-————))/ED, which
2H—(v—p)

is indeed greater than 0. Thus, there are customers who are willing to come to store.

Based on the analysis above, we find the condition for a participatory equilibrium is p — ¢ >

v—p o1 . . o — *71 c
W=y And the equilibrium store inventory level ¢ F (p_w - ) . ]

Proof of Proposition[7: Note the retailer’s profit can be expressed as

a:O + aZO
of + O‘Z + ok, + oz;;o

- (p Fr—w ) Emin (a2 +a} + o’ +af,) D, g)—cg-+w(a+aly+aj,) ED

which is a typical newsvendor problem (plus a constant w(a}, 4+ o, + aj,)ED). Thus, the optimal

store inventory level is given by ¢* = (af + of + o, + o)) F ! ( o Tox A 1) O
P —w

a5+az+&§o+a20

Proof of Proposition[§: Denote AY = {(hs, ho)| max(v — p — hey, —hs + £°(v — p)) < 0} and A} =
{(hs, ho)| max(v —p—hy,v —p—hs,v—p— Bshs — Boho) < 0}. To prove part (i), we simply need to
show that Af C A}. Since £° < 1, for any (hs, ho) € A}, we will have (hs, ho) € A}. Thus, A} C A7.

Next, let’s look at part (ii). To simplify notation, we denote A° = % and A* =

ol . Note if f5 + B, > 1, we have A° < A*. Thus, & > 5

aftaptai,taf,
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If there are customers visiting store when there is no BOPS, we need to have w < pA_OC. The

following analysis assumes this condition holds.

Suppose r = 0. If w > %57 (this is possible since 5 > P5F), then no one comes to store when

there is BOPS . In this case,

™ =wkE (o}, + oy, + ) D

=wFE (ag, + ag) D
: o [¢] o o [¢] ao o [¢]
< pEmin ((Oés + aso) D, Q) —cq+rE (OLS + aso) D+ wanD + wEﬁ((as + aso) D — q)+
s so
= ﬂ'o

where the inequality is because ¢ = 0 is also a feasible but not the optimal solution to the case

where there is no BOPS. If w < E=F, then there are consumers visiting store when there is BOPS.

Note (1) 7° — 7* is continuous in w, and (2) 7° > 7* when w = 7. Thus, the analysis above

implies that there exists w < ¢ such that 7° > 7* if w > w. O

Proof of Proposition[J: Note 75 is a typical newsvendor profit function. Then, the optimal order

quantity ¢* is given by F(§*) = epi_r A1l. Thus, if @p +r —c > 0, we have ¢* = F~! (epir),

otherwise, ¢* = 0. O

Proof of Proposition[I0: In the decentralized system, for any 6, denote optimal stock levels in the
store as ¢*(#). Suppose we have the same stock level in the centralized system. Then clearly we
will achieve exactly the same total profit as 7*(0), since the BOPS revenue is just shared between
channels in the decentralized case. Thus, we must have 7%(6) < #*. And due to the fact that
7 is strictly concave in ¢ and ¢* > 0 (because of the assumptions that h, < min(hs,h,) and

p—c>w—r), we have 7°(0) = 7* if only if ¢* = ¢*.

Next, let’s compare the optimal store inventory levels in both the centralized and decentralized

systems:

oIf9<%,then € > ¢ .Thus,tj*:F_1< < )<F‘1( < ):q*. Since ¢* # q*,

Op+r p+r—w Op+r p+r—w
T <t
_ p—w [ c ok -1 c — -1 c — ¥ : ot
o If0 = - ,then9p+T—p+T_w.Thus,q =F <9p+T)—F (p+r_w>—q.81nceq =q",
Tt =7".



o If6>%,then <

echrr p+viw' Thus, ¢* = F~* <0pc+r) > F1 (erf—w) = ¢*. Since ¢* # ¢,

T < .

Finally, let’s prove 7* is quasiconcave in 6.

Let’s first show that 7* is nondecreasing in 6 < %. If 6 < <L then ¢* = 0 and thus

P 9
= wED, which is independent of 6. If § € (<5, 2=%), then 88% = a(;; 9 > 0, because iq* >0

if g <q* and >0

Then, let’s show that 7* is nonincreasing in 6 > %. Note % = 85;* %q(; < 0, because

<01fq>q and >0

Thus, we can conclude that 7* is quasiconcave in 6. O

B Decentralized System in Heterogeneous Market

Similar to what we did in Section [6] we only look at the case where there are some customers using
BOPS, ie., p—c > w% —r and a; + o, > 0 (see Proposition |’:71); otherwise, there
would be nobody using BOPS and the issue of revenue allocation becomes irrelevant as the system

collapses into two independent channels.

With revenue sharing parameter 6, the store channel’s profit is given as follows

- _( g + o, @ + o,
Tg =

0 ) pEmin ((af +aof +a’, + o} )D,q) —c
af +aj + a, + o, a:+a2+a:o+azo)p (s s o) Do) = ca

+rEmin ((a + ap + ag, + ag,) D, q)

Proposition B.1. In the decentralized system, the store will stock ¢* which is given as follows:

o If ( atan, 4 e 9) p+r—c>0, then

* a* *
adtagt+ad,+aop, agtogt+ag, oy

~% * * * * —1 c .
q = (as + ab + Oéso + abo) F aftat o fa¥ s
( gt%so 4 b _bo 9)p+r

a§+ab+aso+abo as+ab+aso+abo

o If( et 4 a§+a5" *9)p+r—c§0, then ¢* = 0.

aftoptag,+og, aitoy+og,+op,

Proposition B.2. Total profit 7*(0) is quasiconcave in 6. Moreover,

o If - o), <%, then V0 € [0,1], ¢* > ¢" and 7*(0) < 7.

* +ab

36



o If o 0, =5 Y. then

*
so+O‘

—iff < (aZJraz“)p_(T:ﬁaZ”)w, then ¢* < ¢* and 7(0) < *;

(ag+ag,)p
— if = it kLY oy o = g and 74(0) = 7
b bo
—if 0> (ag+a‘t(‘£f;;?:§;ago)w, then ¢* > ¢* and 7*(0) < 7*.
b bo

Tl +ab

Proposition shows that if there are not many people using BOPS (i.e. %toh, o w o
agp + ap,(p — w) < af,w), then there is not enough BOPS revenue for the two channels to share
and thus for the headquarters to fully correct store channels’ incentive: Even if the store channel
is given no credit for fulfilling BOPS demand, i.e., # = 0, they still stock more than the system

optimal level.

B.1 Proofs

Proof of Proposition[B.1]: Note 7 is a typical newsvendor profit function. Then, the optimal order

T = £ 1. Thus, i
= . if
04§+O‘lt+a§o+°‘zo ) aftal, a;+aZo 0 +r /\ us’
a;+a§+a§o+azo a’s‘+o¢;+a§0+ago p

quantity ¢* is given by F(

( agtos, 4 a*;+a;;0 *0>p—|—r—c>0,then

*+cxb +o¢§o+o¢b0 ajtoptaf,+og,

¢ = (af +ap +ag, +ap,) F ( P S , otherwise, ¢* = 0. O

* * aj; +a
astaso b bo
a§+al’;+o¢§o+az‘o + a§+ozg+a§0+ag‘o 9)p+7‘

Proof of Proposition[B.Z: In the decentralized system, for any 6, denote optimal stock levels in the
store as ¢*(#). Suppose we have the same stock level in the centralized system. Then clearly we
will achieve exactly the same total profit as 7*(), since the BOPS revenue is just shared between
channels in the decentralized case. Thus, we must have 7*(6) < 7*. And due to the fact that 7 is

* *
a50+ab0

aTTos ratray, — ) We

strictly concave in ¢ and ¢* > 0 (because of the assumptions that p — ¢ > w

have 7*(6) = n* if only if ¢* = ¢*.

Next, let’s compare the optimal store inventory levels in both the centralized and decentralized

Systems:

o Tf 267 %0 < , then V6 € [0, 1], we have ( _oatan, a*ﬁag" e 9)p+r >p+r—

adotag, aftoptag,+og, aitoyt+of,+oyp,
aso—i-abo Sk * : ~k x *
aTFar Tt Far . Therefore, §* > ¢*. Since ¢* # ¢*, 7" < 7*.

o If 2iF%e > © then
bo
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. oftar Yyp—(ak +af Jw ~ =_
N lf 9 < ( : b(i)l)f'f‘(()f*s;p bO) ? then q* = F ' af+ak < af+af <
b Tbe ( SRR b e — 9)p+r

a5+ab+aso+abo as+ab+a50+abo

a5+ab+aso+abo as+ab+a50+abo

—1 c % : ~% % % *
F T, = ¢*. Since §* # ¢*, TF < w*.
ptr— wa*+a +a50+o¢bo
. (af+af, )p—(ad,+af Yw ~ =_
—if 0 = ’ b(Zx*—i-a*s;p e, then ¢* = F ! 4ok . k4o =
« «@
b Tbo ( SRR b e — 9)p+r

—1 c ok : ~x % ~x %
F S = ¢*. Since ¢* = ¢*, T = 7*.
p+T wa*+a +a50+abo
: (o +og,)p— (g tog, )w o -1 c
—if § > Crrary 2 then ¢ = F o e >
bobe <+b }m*e)p+r

a5+ab+aso+abo as+ab+a50+abo

—1 c % : ~% % % *
F T, = ¢*. Since §* # ¢*, T < w*.
P T rag Fatotay,

Finally, let’s prove 7* is quasiconcave in 6.

If 9 < (Ot +ab+aso+aso)(c T) ( :J’_a:o)p

Let’s first show that ©* is nondecreasing in 6 < %.

(ag+ag,)p ’
then ¢* = 0 and thus 7 = wE(oz*—i—a’;O—FaZO)D, which is independent of §. T (5 +ab+as°(+:fgsi§§;;)f(%+a‘“’)p
*+ *o _ §0+ *O 6
o < ab(o?,;rc(go)p o) , then 80 = 85:1 92" (), because 2= > 0 if ¢ < §* and 2 Sy > 0.
) ~ % : : : (o +ag )p—(af,taz, )w 87? __ on* 8q

Then, let’s show that 7* is nonincreasing in 6 > R . Note = D4 <0,
because 2 < 0 if ¢ > §* and > 0.

Thus, we can conclude that 7* is quasiconcave in 6. ]

C Model Extension: Endogenous Online Channel

In this section, we relax the assumption in the original model that online is exogenous. Suppose
both online and offline follow newsvendor setup. Retail price is p, which is the same across both
channels. Cross-selling benefit in store is r. Unit inventory costs are c¢s and ¢, in the store and
online channel, both of which are smaller than p. Retailer needs to decide inventory levels ¢; and

Qo in the store and online channel.
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C.1 Homogeneous Market

Consumers setup is the same as before: They have valuation v for the product and hassle costs
hs, ho, hy. We assume when the online channel is out of stock, those who are willing to buy
online will leave for other websites to buy the product at the same price. Therefore, given belief
about store inventory availability f, consumer’s utility from visiting store is the same as before,
ie., ws = —hs + & —p) + (1 —€)(v — p— hy). Consumers compare the expected utility from each

channel and choose accordingly.

Retailer has belief ngb about the fraction of customers who visit store. Given this belief, the

retailer’s profit function is
. . . R +
7(qs, ¢o) = pE min (d)D, qs) — ¢csqs + TE¢D + pE min ((1 —¢)D + (¢D — q5> ,qo> —¢oqo (C.1)

Definition C.1. A RE equilibrium (qs, qo, ¢, dA),é) satisfies the following:

i Given é, if us > u,, then ¢ = 1; otherwise ¢ = 0;
1. Given gZ;, (gs, qo) = argmax m(qs, qo), where w(qs, qo) s given in ;
iii. &= A(g.);
. d; = ¢.

The following proposition gives the RE equilibrium.

Emin(D,F—l(%))
ED

Proposition C.1. If h; < ho and cs < co, then customers visit store and q; =

Fﬁl(%) and ¢5 = 0. Otherwise, no one comes to store and ¢ =0 and ¢5 = Fﬁl(%").

With BOPS, retailer’s profit function is as follows:

e If min(hs, hy) > he, then no one comes to store, and thus
m = pE min (D, QO) — Coqo
e If min(hs, hy) < hy, then consumers come to store if it is in stock, and thus

7= (p+r)Emin(D,qs) — csqs + pE min ((D — qs)+, Qo) — CoGo
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Proposition C.2. When there is BOPS,

o if min(hs, hy) < hy and cs < ¢, + 1, then customers visit store and

— ifcs < pTJfrco, then ¢ = F~1 < Cs ) and q; = 0;

p+r
~ i e > Bieo, then g = F71 (“52) and g3 = 71 (%) = P~ (52);

e otherwise, no one comes to store and ¢* =0 and ¢% = F~! (%")

Comparing Propositions and we can have the three regions as before, though the
shape is different (see Figure |C.1]).

Figure C.1: Do consumers buy the product in store?

ho]k holk
Always Always
BOPS BOPS

hs """"" hs """"""""""""""""""""""""""""

Never hy

Never
P—C—T P—Co D —iCe P—C—T P—C P —iCs
(a) hy > hg (b) hy < hyg

In the “BOPS” and “Always” region, we can get similar comparison results as before:

2 >) ho, ho| and cs < co+1, then customers visit the store

Proposition C.3. If h, €

Emin(D,F‘_l(c—s
ED
only if BOPS is available. Further, BOPS increases total profit (i.e., 7™ > 7°).

Proposition C.4. If hy < h, < hg and ¢s < ¢, + r, customers visit the store only if BOPS is

available. Further, BOPS increases total profit (i.e., 7 > 7°).

. Emin(D,F~1 (%)) .
Proposition C.5. If h; < =D P22 hy and cs < ¢,, then customers visit store regardless of

the implementation of BOPS. Further, if r > 0, then BOPS decreases total profit (i.e., m* < 7°).

C.2 Heterogeneous Market

Similar as what we did for the homogeneous market, we assume when the online channel is out of
stock, those who are willing to buy online will leave for other websites to buy the product at the

same price. Thus, we could find that consumers behavior remains the same as before.
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Given retailer’s belief &,, G0, &g, &y, the retailer’s profit function is

T (q87 QO) :pE min ((ds + @50) D; qs) — Csqs + rk (ds + dso) D

v b A A . (C.2)
+ pE min <aoD + ﬁ((as + aso) D — QS) >QO> — CoYo
Qs + Qg

Definition C.2. A RE equilibrium (ao,aso,,ozs,al,qs,qo,f, Ao, Qso, (s, 4y ) satisfies the following:

~ Elar_ )2 Eloy_m)2 _ —(—
i Given &, then o, = %—5(;}}1’2’) , Qo = f(;’Hé’) .y = Se=p(H-(v=p)) p)(ZIQ G p)), and o =

[H—(v—p)|[H—E£(v—p)]
H2 ’

it. Given Gy, G0, s and Gy, (gs, qo) = argmax w(qs, qo), where w(qs, o) s given in ;

~

iii. £ = A(gs), where A(q,) = ZminllostosDa)

W. Qg = Qg, Ay = Qp, Qgp = Qgo and & = Q.

Proposition C.6.

o Ifcs <3 Hﬁ?ffp) Co + 2212_72((:7_5) p, then there are customers visiting store, specifically,

_ Zf cs < Co, then ag —_ £ (v—p)(H—(v—p)) al 5?(”*1’)2 o _ v—p 5?(”*1’)2

o _
H?2 ’ so — 2H?2 y Qg = T — 22 y dg =
o o Ffl Cs dag® = opfl Co h o __ min(D’Fil(%s))
(as +aso) (;) ana q, = &, (;)7 where 51 - ED
: _ &-p)(H—(v—p)) _ &5(v-p)? _ = £5(v—p) _
—if ¢s > ¢, then ag = 2 H2 , Qg = 22H2 , Qy = Hp - 22H2 ;45 =
v—p v—p
o oi—1 [ T 2H-—(w—p) % o __ o o\p—1/co o —1{( ST ZH-—(w—p %
(as + aso)F ( 2H—2(v—p) and 4, = (ao + aso)F (?) - asoF 2H—2(v—p) ’
2H—(v—p) 2H—(v—p)
PN L M
min (D7F_1< S2;f2_(«(uv:pz;) O))
SE-(o—p P
where £9 = EIQ:)H w=p)
o Ifcy > Vb oo HZ20TD)y  dhen no one ever comes to store and ¢ = 0, ¢C =
s 2H7(U7p) (o} 2H7(U7p) p7 qs - ’ qo -

v;[pF—l(%)) 50 =0.
With BOPS, retailer’s profit function is as follows
7 (¢s, 4o) =pEmin (o5 + ap + a5, + ag,) D, gs) — csqs + rEmin (o + ap + o, + ag,) D, gs)

* *
X0 + Xy
ay + oy +af, + o,

| pEmin <a2D " ((0f + f + %y +aly) D — g.)", qo) e

Proposition C.7. Suppose r = 0. When there is BOPS, market outcome is given as follows:

asotag, o+ ajtay
attaptai,+ap, 0 aitajtai,ta

o Ifcs < —D, then there are customers visiting store, and
bo
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— if es < co, then g = (af + ) F7H(%) and ¢5 = afF (%)
aSotag,

_ CS*WCQ _
— if cs > co, then g5 = (o} +ak,)F ( . > and g = (o5 +al, ) F () -

Co
af§+a§ » p
Cs_%Co
* p—1 astaptasotay,
as F ,

a§+al’;+a§o+az‘o
SO a;«kag

a;‘ +aZ +a§o+o¢go

o Ifcs > 2H3z57p)co + 221111_72((5:5)1), then no one ever comes to store and qi = 0, q; =
SRF (),

Proposition C.8.

i. BOPS helps to expand market coverage, i.e., a + oy, + op + o, +of, > ag + ag + o, ;

1. Suppose r = 0. If there are customers visiting store when there is no BOPS, then there exists
s such that the implementation of BOPS decreases total profit (i.e., m* < 7°) if Bs + o < 1

and cs > Cs.

This shows that although BOPS could expand market coverage, it may still reduce total profit

even if r = 0.

C.3 Decentralized System

Finally, let’s look at decentralized system. Here, for simplicity of exposition, we only look at the
homogeneous market. Same as before, we only consider the situation where consumers use BOPS
when it is available. Then, with the revenue sharing parameter 0, store and online’s profits are

given as follows:

s = (Op+r) Emin (D, §s) — ¢sqs
To = (1 — 0) pEmin (D, gs) + pE min ((D - (15)+7q~o) — Coo

Note the BOPS revenue is just free money to the online channel. So we only need to consider
store’s incentive. Comparing 75 with the centralized profit funtion 7w, we can still find that the
store channel ignores the fact that customers would buy online instead in case of stockouts (i.e.,
the second term in 7,), and thus there will be a profit loss in the decentralized system compared
to the centralized case. Moreover, it is easy to find the following revenue sharing parameter will

correct store’s incentive and coordinate both channels:
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o Ifc, < p—”co, then 0* =
P

o If ¢s > pTJcho, then 6* = ﬁ € (0,1).

C.4 Proofs

Proof of Proposition[C_1: Note nonparticipatory equilibrium, (0, F' _1(%’),0,0,0), always exists.
Same as what we did in the base model, we are going to look for participatory equilibrium, where

¢° =1 and ¢2 > 0. All we need to do is to check the four conditions specified in Definition

First, we look at retailer’s problem: In the participatory equilibrium, retailer’s belief is consis-
tent, i.e., qg = ¢° = 1. Then, the retailer’s profit is 7 = pF min(D, qs) — ¢sqs + 7ED + pE min((D —
4s)", o) — cogo = TED + pEmin(D, ¢s + qo) — ¢sqs — CoGo, the optimal solution of which is easy to
find as the follows

e if c; < ¢, then ¢¢ = F~1(%) and ¢ =0

o if ¢, > ¢,, then ¢ = 0 and ¢p = Fﬁl(%).

Thus, to ensure participatory equilibrium, we need cs < ¢,.

Note in equilibrium, we also need consumer’s belief to be consistent with the outcome, i.e.,

50 = A(¢?) = Emin(¢°D, q2)/E(¢°D) = Emjn(D,F_‘*l(%))/ED.

Finally, we go back to consumer’s decision. To ensure ¢° = 1, we need us > u,, i.€., hy < foho.

Emin(D,F~1 (%
Therefore, we need hy < w ho.

Based on the analysis above, we find the conditions for a participatory equilibrium are hg <

Emin(Df’l(%))h s .o o _ -1 (e
———%p——ho and ¢s < ¢,. And the equilibrium outcome is ¢° = 1, ¢ = F n and

q; = 0. O

Proof of Proposition[C.3: First, let’s look at the case where min(hs, hy) < ho. In this case, con-

sumers come to store if it is in stock. Thus, the retailer’s profit is
™= (p + T) Emin (Da QS) — €sqs + pE min ((D - QS)+7 QO) — CoQo

First, by checking the Hessian matrix, we can easily find the profit function is jointly concave in

(gs, 4o). Moreover, note that 6%; =7rF(qs) + pF(qs + qo) — cs and 8877:, = pF(qs,qo) — co. Thus, by
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the first order condition and taking into account the constraints that g5 > 0 and ¢, > 0, we can

find the optimal solution that maximizes the profit function as follows:

o if ¢, < P;TCO, then F_’(q;) = pjfr =qi = F‘fl(pifr), and g5 =0

o if ¢; € (P 7 co,co+7), then F(q}) = &7 = qf = F71(%7%), and F(qi +q}) = % = ¢, =
—1(co\ _ p—1/cs—¢co
FH(%) — Fi(e5)

r

e if cs > c, + 7, then ¢¢ =0 and F(q}) = P =4 = F‘l(%), in which case customers actually

never come to store because store does not have any inventory.

Then, let’s look at the case where min(hs, hy) > h,. Then, consumers never come to store
and the retailer’s profit is 7 = pE min(D, q,) — ¢»qo, Which is a newsvendor problem. Thus, ¢& =0

and ¢} = F‘l(%’). O
Proof of Proposition[C.3: If customers visit the store only if BOPS is available, then
7 = (p+7r)Emin(D,q;) — csq; > pEmin (D, q)) — coqy = 7°

where the inequality is because (¢%, ¢}) rather than (g2, ¢5) maximizes 7*. O

Proof of Proposition[C.4): Since consumer behavior is the same as Proposition [C.3] the proof is also

very similar to the one for Proposition and thus omitted. O
Emin(D,F~1( & _

Proof of Proposition[C.5: If hs < mm( 5 <p>>ho and ¢s < ¢, then ¢f = F_l(%), © =0,

g = F_’_I(I%) and ¢} = 0. Then,

7° =rED + pEmin (D, q;) — csqs
>rED +pEmin (D, q;) — csq;

> rEmin (D, q;) + pEmin (D, q;) — csqs =7

where the first inequality is due to the fact that ¢ rather than ¢} maximizes 7°. O

Proof of Proposition[C.6: Note nonparticipatory equilibrium always exists. Same as what we did
in the base model, we are going to look for participatory equilibrium, where ag > 0, as, > 0 and

qs > 0.
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First, let’s look at retailer’s problem. It is easy to verify that 7 is jointly concave in (gs, qo)-

Also, note that with &; = o, i = s, 0, 50,1,

o if =% _ > 9o then

<) ) )
Qg +O<so Q,

.
an:PF(ﬁ%CS
e
b =pF (&) —co

o if I < 9o then

agtag ag’
o
SO
or a® — q al — QO+ao+a qs
0qs ao—i—sao pE (a +i1° + oco—:geo pF aoj-aoso — Cs
s s s0 s so s so o so
or _ f qo+ag+ao qs e
90 agtag, °

Then, given the constraints ¢; > 0 and ¢, > 0, we can easily get the solution as follows:

o If ¢; < ¢,, then

3 cho 2
e if cs > ¢, and c5 < aitas, Co + avtas, P then

aO

— — Cs— =%
o __ o o -1 (c o —1 agta
4o = (ao + aso) F (f) - asoF 0y 2

s
o1 o0 P
agtage

ac;o + ag th
So—¢ : en
o agtag P

o o
aS +aSO

o if ¢y >

g =0
43 = (a5 +a5,) F1 (%)

Note in equilibrium, we also need consumer’s belief to be consistent with the outcome, i.e.,

£ = A(¢2) = Emin((aS + a2,)D, ¢2)/E((aS + a3,)D). Thus, if ¢, < ¢,, then £ = £9; if ¢, > ¢,

and ¢ < O Co + aoiﬁto p, then éo = &5; otherwise, fo = 0. Here, we used the fact that for any

Os +a50
Aso — v—p and Qs — 2H72(’U7p)
as+aso 2H—(v—p) as+aso 2H—(v—p) *

f > 0, we have
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Note fo is independent of a’s. Thus, to ensure equilibrium, we just need to replace é with éo

and set all the as to satisfy (i) in Definition O

Proof of Proposition[C.7]: First, when r = 0, we can find that 7 is jointly concave in (gs, g,). Also,

i qs 9o
° 9 Yo
if oTTartar Tak, > a then
on __ n ds _
b = oF (srartinrar,) —
on _ (4 _
o0, = PF (az Co
i gs 9o
° —t— < 12
if aTFartarFar, S ap then
a* +Q*
* * _ * * _ (Io“l‘%qs
or __ ag+og Ia qs ag,toy, ba agtap+agetagp — e
dqs a;‘—l—a,’;—i—a;o—i-agop ai+aptag,tagp, aj;—i—ag-i—oc’s‘o-‘ragop aj+ai,+agp, S
* *
D‘SO+abo
940 ajtai, oy, 0

Then, given the constraints ¢; > 0 and ¢, > 0, we can easily get the solution as follows:

o If ¢; < ¢,, then
0 = (aF +af +a%, +ap,) P71 (%)

p
g =a;Ft (%)

. ot +af attaj
° > so bo S b
if ¢s > ¢, and ¢5 < oTTar Forrar, Co + afTar rat.Tar P then
637%00
* * * * * —1 as+ab+aso+ab
qs = (O[s + oy + Ago + abo) F aftaf -
a§+aZ+a§O+al’;op
c oo, c
s T ¥ Ta¥rof ra¥ Co
* _ * * *\ —1 (¢ * *\ —1 astoaptagsotor,
qo = (ao + X0 + Oébo) F (;O) - (aso + abo) F agt+op
aZtag tadotag,
. az,tag, aztag
o if ¢, > oTTa Forrar, Co + oiTar rar,tar. P then
* __
s = 0
* * * ¥\ —1 [ co
QO_(ao+aso+abo)F <P)
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Proof of Proposition [C.8: Since consumer behavior remains the same as before, part (i) remains

valid as before.

Next, let’s look at part (ii). To simplify notation, we denote A° = 5 szf—p) Co + 221}11:2(%:5) p

and A* = — %o o e p. Note if B, + f, < 1, we have A° > A*,

a +az+a§o+abo a;—i—az +aj,+ag,

If there are customers visiting store when there is no BOPS, we need to have ¢, < A°. The

following analysis assumes this condition holds.

Suppose r = 0. If ¢, > A* (this is possible since A° > A*), then no one comes to store when

there is BOPS. In this case,

7 = pEmin (o} + af + af,) D, @) - co
— pEmin (5 + aS,) D.q5) - cod)
< pEmin ((af + a2,) D, %) — 52 + 1E (a2 + aZ,) D

+ pE min (agD +

aO o o o\+ o o
agisoago((as +aso)D - qs) 7qo> — CoY,

o
=T

where the inequality is because ¢s = 0,q, = ¢} is also a feasible but not the optimal solution to
the case where there is no BOPS. If ¢, < A*, then there are consumers visiting store when there
is BOPS. Note (1) 7° — 7* is continuous in ¢, and (2) 7° > 7* when ¢; = A*. Thus, the analysis

above implies that there exists ¢; < A* such that 7° > 7* if ¢5 > ¢s. ]

D Model Extension: Default Channel Choice

Suppose a fraction A\ of customers are nonstrategic, who head to store by default (because they
may forget or they may not care about checking the website beforehand) and may consider buying
from the online channel only if store is out of stock; the rest 1 — A are strategic as before. As a
result, when there is BOPS, only a fraction 1 — A\ of customers will check online for store inventory

information.
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D.1 Homogeneous Market

Let’s first consider the case when there is no BOPS. Assume all customers (including both non-
strategic and strategic customers) have the same online hassle cost h,. Then, since v —p — h, > 0,

all nonstrategic customers will buy online if store is out of stock.

The retailer has a belief about the fraction of strategic customers who visit store, denoted as

A~

¢. Given this belief, his total profit is

7 =pE min ((A+<§(1 - )\)> D,q> —cq+1E <A+q3(1 . /\)) D

+wE(1—¢)(1— A)D+wE((A+¢3(1 - A)) D - Q)+

The following proposition gives the RE equilibrium.

L. Emin(D,F_1< fw)) ) o
Proposition D.1. If hy < ToIOR ho and p—c > w, then strategic customers visit store

and ¢° = F~1 <L> Otherwise, no strategic customer comes to store and ¢° = NF~! (ﬁ A 1).

p—w

When there is BOPS, strategic customers choose their shopping channel given the current

store inventory status.

e If min(hs, hy) < h,, strategic customers come to store if it is in stock and the retailer’s profit
is

7 =pEmin (D, q) — cq+rEXD + rE(1 — \) min (D, q) + wE(D — q)"
e If min(hs, hy) > he, no strategic customers come to store and the retailer’s profit is
7 =pEmin (\D, q) — cq+7EXD + wE(1 — \)D + wE(AD — ¢)*

Proposition D.2. When there is BOPS, if min(hs, hy) < ho and p—c > w—(1—\)r, then strategic

customers visit store and ¢* = F~! <p+( £ >; otherwise, no strategic customer comes to store

1-A)r—w
and ¢* = \F~1 (ﬁ /\1).

Comparing Propositions and Figure shows the impact of BOPS on strategic
customer’s channel choice. Note it is similar to Figure 1 in Section 4, and it is easy to verify that

the same insights still hold in this case, i.e., BOPS increases profit in the “BOPS” region as it helps
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to persuade strategic customers to the more profitable store channel, but BOPS decreases profit in
the “Always” region because strategic customers do not come to store once it is out of stock and

thus the retailer loses some cross-selling profits.

Figure D.1: Do strategic consumers buy the product in store?

ho x hD‘
Always Always
BOPS BOPS

o —— R b b TT——

Never | fe BT

Never
w—(1-Dr w p—c w—1-Dr w p—c
(a) hy > h (b) hy < hy

D.2 Heterogeneous Market

Strategic customer’s behavior is the same as before. As for nonstrategic customers, they always
first go to store. When nonstrategic customers are in store, if store is in stock, they buy on the
spot; if store is out of stock, they can either buy online instead (and obtain payoff v — p — h,) or
leave (and obtain payoff 0). Assume, nonstrategic consumers are heterogeneous in terms of h,, and
the distribution is the same as strategic customers, i.e., all nonstrategic customers are distributed
uniformly on the line [0, H]. Then, when store is out of stock, a fraction “Z* of nonstrategic

customers (i.e., those with h, < v — p) will substitute to the online channel.

When there is no BOPS, we keep using notation «,, as and ag, to denote the fraction of the
pure online, pure store and store-to-online customers among strategic customers. The retailer has

belief over these a’s, denoted as G,, &g, and &g,. Given this belief, the retailer’s profit is

7 =pE min (A + (&s + ds0) (1 = A)) D, q) —cq+rE (A + (&s + Gs0) (1 = N)) D
A+ s (14
+ Gs0)

( ) ((/\‘F(éés‘f‘ééso) (1_)‘>)D_Q)+

Ea,(1—\)D
+w 040( ) +w)\+(A

Proposition D.3. When there is no BOPS, the RE equilibrium is given as follows:

has a solution &° > 0, then there are strategic

o If equation & = min(D’Fil(EWM))
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o o 2
consumers visiting store and (a2 = (vfp)%f(vfp)) >0, ag, = S 0) and ¢° =

2H?
o o . n—1 c o — v—p (v—p)(H—(v=p))A .
A+ (a5 +ag)(1 =) F (P—’“’Ao(f"))’ where A%(¢) 2H—(”_P)+H(2H—(v—p))[/\+72H;}(Ivzfp) (0-p)E(1-N)]”

e otherwise, no strategic customer comes to store and ¢° = 0.

Note a sufficient condition for the equation & = min<D7F71gEWA1)> having a positive
solution is p — wA°(0) > ¢. The reason is as follows: If £ = 1, the left hand side of the equation is
strictly larger than the right hand side; if £ = 0, when p — wA°(0) > ¢, the left hand side of the
equation is strictly smaller than the right hand side. Since both sides of the equation are continuous

and increasing in &, the equation must have a solution £° € (0,1).

Next, let’s look at the case when there is BOPS. Note nonstrategic customers will always first
visit store, so they will not be influenced by the information effect. Let’s keep using our original
notations, oy, aj, oy, ag,, oy, to denote the fraction of pure store, pure online, pure BOPS, store-

to-online and BOPS-to-online customers among strategic customers. Then, the retailer’s profit

function is

m =pEmin (A + (a + a5, + ap + ap,) (1 = A) D, q) — cq
(of +afo + g +ag) (1= A)
M (o + ot +ap +aj) (1=X)
A+ (0%, + ap,) (1= A)

M (o +at, +af +a;) (1—X)

+rEAD +rE

min (A + (o + a5, + o + ag,) (1 = A)) D, q)

+wEa(l—AN)D+ wE

(A + (af +ag, +aj +ag,) (1= A) D —q)"

Proposition D.4. With BOPS, the market outcome is given as follows:

(et +at,+a;+ag,)(1-X)

e ifp—c>wA*—r
fp = >\+(a§+a§o+az+a2‘0)(1—>\) ’

then there are strategic customers visiting store and

* * * * * _ —1 C *
¢ =A+(af+ak,+ap+aof,)(1=N)F o, (erratorarral)an |’ where A
A+(a§+a’s‘o+az+azo)(lf)\)

(b))
)\+(a§+a’go+az+azo) (1=x)’

e otherwise, no strategic customer comes to store and ¢* = 0.

Proposition D.5.

i. BOPS helps to expand market coverage, i.e., A+ (a} + o) + of + o, + a5, ) (1 — A) > A+
(Oég + Oég + ago)(l - )‘)7
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it. Suppose r = 0. If p — wA°(0) > ¢, i.e., there are customers visiting store when there is no
BOPS, then there exist w and s > 0 such that the implementation of BOPS decreases total

profit (i.e., 7 < 7°) if Bs < Bs, w > w and H > B

This shows that although BOPS could expand market coverage, it may still reduce total profit

even if r = 0.

D.3 Decentralized System

For simplicity of exposition, let’s only look at the homogeneous market. In a decentralized system,

assuming there are strategic customers using BOPS, the store’s profit is

s = pEAmin (D, §) + rEAD + (0p+ ) E(1 — X\) min (D, §) —cq

TV VT
from nonstrategic customers from strategic customers

Comparing it with the centralized profit function m described above, we find the store’s incentive
is not fully aligned with the system’s. With proper choice of the revenue sharing parameter 6, we
should be able to correct store’s incentive. However, we find that if X\ is very large, we may not
have enough BOPS revenue to correct store’s incentive to overstock. Thus, a simple # may not be

enough to make sure we achieve the centralized profit level.

D.4 Proofs

Proof of Proposition [D.1: Note there are two possible equilibrium outcomes

i. Participatory equilibrium: ¢° =1

ii. Nonparticipatory equilibrium: ¢° = 0.

Let’s first look for participatory equilibrium: First, we look at retailer’s problem: Given belief

¢, the retailer maximizes total profit 7 = pEmin((A + ¢(1 — \))D, q) — cq + rE((A + ¢(1 — X)) D)+
~ ~ + . ~

wE((1=¢)(1=A)D) +wE((A+¢(1 =)D —q) = (p—w)Emin((A+¢(1-A))D,q) —cqg+ ((A+

$(1—\))r+w)ED, which is a typical newsvendor problem (plus a constant (A+¢(1—\))r+w)ED),

. . o . — qo _ c . .
and therefore the optimal order quantity ¢° is given by F <7/\+(£ (1_)\)> = N 1. Since in
equilibrium, the retailer’s belief is consistent with the outcome, we have ¢ = ¢° = 1. Thus,
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¢ =F1! (ﬁ A 1). Since ¢ > 0 in the participatory equilibrium, we must have p — ¢ > w and
thus ¢° = F! (ﬁ) Note in equilibrium, we also need consumer’s belief to be consistent with the

outcome, i.e., £ = A(¢°) = Emin(D, ¢°)/E(D) = Emin(D, F~'(55;))/ED. Finally, we go back

to consumer’s decision. To ensure ¢° = 1, we need ugs > uy, i.e., hy < foho. Therefore, we need
hs < Emm(DgD_ 1(”_cw))ho. Based on the analysis above, we find the conditions for a participatory
equilibrium are hgy < Emin(Dgl; 1(”fw))ho and p — ¢ > w. And the equilibrium outcome is ¢° = 1
and ¢° = F~1 <L)

p—w

Next, let’s look for nonparticipatory equilibrium, i.e., ¢° = 0. Note, given belief $, the

o . . PN n q° _ _c¢ i
retailer’s optimal store inventory level is given by F' ( N )\)> = N 1 as shown above. Since
in equilibrium, the retailer’s belief is consistent with the outcome, we have ¢ = ¢° = 0. Thus,
¢° = \F! (ﬁ A 1). Note in equilibrium, we also need consumer’s belief to be consistent with
the outcome, ie., & = A(¢°) = Emin(AD, ¢°)/E(AD) = Emin(D, F~! (ﬁ A 1)) JED. Finally,

we go back to consumer’s decision. To ensure ¢° = 0, we need us < u,, i.e., hy > £°h,. Therefore,
Emin(D,F*1< c /\1))

we need hy < 5D L ho. Based on the analysis above, we find the conditions for a
. . Emin(D,F~1 (;£5A1)) . :
nonparticipatory equilibrium are hy < oI ho. And the equilibrium outcome is

¢°=0and ¢° = A\[! (ﬁ/\l).

Finally, note the conditions for the participatory equilibrium and nonparticipatory equilibrium
are mutually exclusive and collectively exhaustive. Thus, the equilibrium always exists and is

unique. O

Proof of Proposition[D.Z: If min(hs, hy) < he, then the profit function 7 = pEmin (D, q) — ¢q +
rEAD 4 7E(1— X min (D, q)+wE(D — ¢)* = (p+ (1 = \)r —w)E min(D, q) — cq+wED, which is

a typical newsvendor problem (plus a constant wFE D). Thus, the optimal order quantity ¢* is given

by F(q*) = m A 1. Then, if p— ¢ > w — (1 — A)r, we have ¢* = F~! (p+f_w); otherwise,
q* = 0.

If min(hs, hy) > ho, then no strategic customer comes to store and thus the retailer’s profit is
7 = pEmin (AD, q) —cq+rEAD+wE(1-\)D+wEAD — ¢)* = (p—w)Emin(AD, q) — cq+ (rA+
w)E D, which is a typical newsvendor problem (plus a constant (rA + w)ED). Thus, the optimal
order quantity ¢* = )\Ffl(pfcw A1). O

Proof of Proposition[D.3: Let’s first look for participatory equilibrium:
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First, we look at retailer’s problem: The retailer’s profit can be expressed as

7 =pEmin (A + (&s + ds0) (1 =N)) D, q) —cq+rE (A + (&s + ds0) (1 = N)) D

FwBao (1= N) D+ wif e B+ (6 + o) (1= X)) D = o)

P A4dso(1—A . ~ N
= (p — wW) Emin (A4 (&s + &s0) (1 = X)) D, q) — cq

+ (0 (5 + (G0 + Gso) (1 = X)) + 7 (A + (G5 + Gso) (1 = A))) ED

which is a typical newsvendor problem (plus a constant

(w (%A + (G0 + Giso) (1 = X)) + 7 (A + (&5 + Gso) (1 — X)) ED), and therefore the optimal order

quantity ¢° is given by F (A+(ds+2so)(1f>\)> — = Acmso(rk) !

P @5 Faso)I—N)

Since in equilibrium, the retailer’s belief is consistent with the outcome, we have &; = af,
o

q _ 4
A+(ag+azo>(1fx>) = pwace N

i=o0,s,s0. Thus, F (

Note in equilibrium, we also need consumer’s belief to be consistent with the outcome,

Le, & = & = A(¢°) = Emin((A + (a2 +ag,) (1 =)D, q°)/E((A + (o5 +a3,) (1= A)D) =
Emin(D, F —1(Wco(£o) A 1)/ED. To ensure the existence of a participatory equilibrium, we

need to make sure there exists £° > 0 such that £° = Emin(D, F’*l(wﬂ,(go) AN1)/ED.

. . min(DJ?‘*l(m/\l)) .
What’s left is to show that when equation & = 7D does not have a positive
solution, nonparticipatory outcome (i.e., no strategic customers comes to store and ¢ = 0) is an

equilibrium.

o _ (D, (ke A)) _ .
Note a necessary condition for the equation £ = 5D not having a positive

solution is p — wA°(0) < c¢. Note A°(0) = “Z£. Given p — w*z2 < ¢, it is easy to find that the
retailer will set ¢ = 0 if no strategic customers visit store. Then, given ¢ = 0, strategic customers

will indeed not come to store. Thus, this nonparticipatory outcome is a RE equilibrium. ]

Proof of Proposition[D.]]: The profit function can be expressed as

(ef+ai,+of+ag,)(1-)N)
+ (a_’;JragoJraz +aZo) (1-X)

T=|p—wA"+rs Emin (A (af + o, +aj +of,) (1 =X))D,q) — cq

+ (w (SN + (af + @l + af,) (1= X)) +7A) ED

which is a typical newsvendor problem (plus a constant (w (“Z2A + (o + of, + o) (1 — X)) + 7)) ED).

Thus, the optimal order quantity
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* * * * * o —1 c
q = ()‘ + (as + Aso + Qg + abo) (1 A)) F pwA* (a§+a§o+a§+a;o)(1—k) Al -
M(aftadotaptad, )(1-2)

g . v—p : 0‘:0+0¢§0 v—p . * v—p
Proof of Proposition[D.5: If 5> < H, then Bls,lglo Tardalrar O H Therefore, BlslgoA >

Since A* is continuous in f3,, there exists 8, > 0 such that A* > T Af Bs < Bs. Note A°(0) = 7

p—cC

Suppose r = 0. If w > B2 (this is possible since 2 > 2F), then no one comes to store when

there is BOPS . In this case,

= <w <va)\+ (af +al, +aj,) (1 — A)) —i—r)\) ED

_ <w (UI_{p)\—i- (@8 +a%,) (1 — A)) +m> ED

< pEmin (A + (o + ag,) (1 = A) D, ¢°) —cq® +rE (A + (o + ag,) (1 = A)) D
%A + O‘ZO (1 - )‘)
A4 (aC+aS,)(1—A)

+wEal (1 —X\) D +w E(A 4 (@S +a2)(1—=X)D —¢)"

()

=T

where the inequality is because ¢ = 0 is also a feasible but not the optimal solution to the case

where there is no BOPS. If w < E=F, then there are consumers visiting store when there is BOPS.

Note (1) 7° — 7* is continuous in w, and (2) 7° > 7* when w = 5. Thus, the analysis above

implies that there exists w < E=F such that 7° > 7* if w > w. O
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