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Abstract

Buy online and pickup in-store (BOPS), a novel omnichannel retail model that
provides customers with a seamless channel experience, is increasing prevalence in
the electronic commerce era. This paper develops a theoretical model to investigate
the co-opetition strategy of an omnichannel supply chain where a manufacturer
sets up a BOPS channel in cooperation with a retailer. Two game models in the
absence and presence of the BOPS contract are constructed considering consumer
type and channel preference. The results show that adding the BOPS contract
increases the online price, while it leads to a higher offline price when the retailer’s
BOPS operation cost is small. The manufacturer is willing to introduce the BOPS
contract by increasing wholesale price when the retailer’s BOPS operation cost is
large. The retailer is likely to take part in the BOPS contract when it obtains a high
unit payment provided by the manufacturer or the retailer’s BOPS operation cost
is low. Our results provide managerial insights for online companies and physical
companies to implement the BOPS strategy, and subsequently, adjust their prices
and channel structures to maximize revenues.
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1 Introduction

With the increasing development of electronic commerce, online shopping has
ushered in explosive growth as a convenient and fast retail channel. E-Marketer
(2021) reports that retail e-commerce sales worldwide are expected to climb 16.8%
in 2021, reaching $4.921 trillion.! However, consumers cannot experiment with
items in advance when they purchase online and eventually evolve into product
returns [18, 45, 50]. Buy-online-and-pickup-in-store (BOPS), a newly emerging
omnichannel retailing model that provides consumers the chance to experiment with
items in advance, presents a rapid development in recent years [27, 38, 41]. Amazon,
one of the world’s largest e-commerce companies, provides consumers with BOPS
service to increase market volume. Consumers can place orders on Amazon’s
official website and then pick up their orders at Amazon’s 4-star physical stores. One
can also observe in the clothing industry that, for example, consumers can browse
Uniqlo’s website and order through a computer or mobile device. Following this,
consumers can visit Uniqglo’s brick-and-mortar stores to touch and feel the clothes
and then pick them up if the clothes match their preferences.

Retail enterprises such as Amazon, Uniqlo, Best Buy, and Walmart can solve the
last-mile delivery problem by implementing the BOPS service [17]. Furthermore,
the BOPS service gives those enterprises a chance to make full use of physical stores
to reach consumer terminals. Additionally, it can realize cross-promotion and cross-
sell between channels [6, 11, 26]. According to a recent report, 64% of Europe’s top
500 retailers have implemented BOPS services; 40% of Best Buy’s online sales and
50% of Walmart’s online sales involve BOPS services.

Generally, the BOPS service is implemented by enterprises that show strong
integration capabilities of online and offline information, logistics, and inventory.
However, some physical enterprises are limited by network technology or the traffic
of online sales. They may expand the online market by drawing support from the
online platform giant. For instance, Gome, an electric appliance company in China,
opens its official flagship store on Alibaba.com to expand its online business. In
contrast, some online retail enterprises are hindered by the scale and number of
physical stores. They always stretch their footprints to offline with brick-and-mortar
stores, providing product display, experience, and after-sales service [24]. For
example, Uniqlo establishes a BOPS partnership with 7-Eleven stores. Consumers
who purchase from Uniqlo’s online store can pick up the goods at a nearby 7-Eleven
convenience store.

Plainly, the BOPS contract based on online and offline operators is becoming
more and more extensive. Online retail enterprises and physical store enterprises can
achieve resource sharing and complementary advantages between channels [11, 20,
37]. Nevertheless, the operating modes, operating costs, and online and offline order
fulfillment methods are quite different between operators in the BOPS contract,
which may lead to the issues of channel competition, interest conflict, and double

! https://www.emarketer.com/content/global-ecommerce-forecast-2021.
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marginal effect. The co-opetition relationship between shareholders such as Uniqlo
and 7-Eleven becomes complicated enough to operate the BOPS service.

Previous studies related to channel co-opetition are mainly in a dual-channel
environment where the manufacturer sets up online sales channels based on the
retailer’s brick-and-mortar stores [10, 13, 16, 43, 44]. This stream of literature
has ignored consumers’ channel switching behaviors and the cross-channel
effect. Additionally, omnichannel topics concerning channel switching and cross-
channel effect mainly focus on the scenario where the retailer is a single operator
for the online, offline, and BOPS channels [4, 9, 19, 34], litter attention has been
paid to the omnichannel situation composed of multiple participants. Therefore,
the following problems are serious challenges facing the omnichannel system.

Ql: How to effectively integrate online and offline channels to provide
BOPS service considering consumer experiment preference and channel
conversion?

Q2: Can the BOPS contract benefits the omnichannel participants? Under
what conditions are the online player and offline player willing to reach the
BOPS contract?

Q3: How to design price and operational strategies accounting for the
cooperation and competition relationship between omnichannel participants?

Motivated by the above-mentioned management dilemma, this paper develops a
theoretical model to investigate the co-opetition strategy of an omnichannel supply
chain where a manufacturer not only opens an online sale channel and sells via
the retailer’s offline channel but also sets up a BOPS channel in cooperation with
the retailer. In the BOPS contract, the manufacturer provides the retailer with unit
payment for each BOPS sale, encouraging the retailer to participate in the contract.
We also consider consumers’ channel preference behavior by dividing them into
omnichannel consumers and offline consumers. We first examine the base model in
the absence of the BOPS contract as an operation benchmark. We then investigate
the situation where the manufacturer and retailer reach the BOPS contract and
conduct a comparison for those two game models. Furthermore, we study the
consumer surplus to identify the economics of each model. Our model suggests
management insights for the omnichannel players to identify whether and when to
reach the BOPS contract and how to remain omnichannel competitive.

Our study provides several contributions. First, we contribute to the operation
strategies of the omnichannel supply chain by suggesting optimal retail price,
wholesale price, and channel structure. We find that the online price decreases
with consumer online hassle cost, while the offline price and retailer profit
increase with consumer online hassle cost. Moreover, the manufacturer derives
a higher profit by increasing wholesale price when consumer online hassle cost
is large. In the absence of the BOPS contract, when there are more omnichannel
consumers, the manufacturer and retailer will increase their prices, resulting in a
higher profit for the manufacturer but a lower profit for the retailer. In contrast, in
the presence of the BOPS contract, the manufacturer is not necessarily benefiting
from the omnichannel consumers, depending on the incremental profit margin
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and costs. The retailer should grasp the chance to reach the BOPS contract with
the manufacturer when more omnichannel consumers enter the market.

Second, we propose a new BOPS contract composed of multiple omnichannel
participants and explore whether it is profitable to introduce the BOPS contract. We
find that adding the BOPS channel increases the online price, and it increases the
offline price when the manufacturer’s BOPS operation cost is large or the retailer’s
BOPS operation cost is small. Besides, the introduction of the BOPS contract
results in a higher profit for the manufacturer when the retailer’s BOPS operation
cost is large. Moreover, it leads to profit improvement for the retailer when the
manufacturer’s BOPS operation cost is large and the retailer’s BOPS operation cost
is small. Additionally, the retailer derives a higher profit if the additional purchase
brings enough advantage to the retailer to increase the offline price. In this instance,
the manufacturer can free rides on the retailer, thereby deriving a higher profit.

Third, we contribute to the omnichannel supply chain system by identifying
the consumer surplus of the BOPS contract. The result implies that adding the
BOPS channel leads to a higher consumer surplus when the manufacturer’s BOPS
operation cost is small and the retailer’s BOPS operation cost is large. Furthermore,
a higher consumer surplus can be achieved when consumers make additional
purchases via the BOPS channel.

The remainder of this paper is organized as follows. In the next section, we
review related literature. In Sect. 3, we elaborate on the research problem and state
model assumptions. We construct the theoretical models in the absence of the BOPS
contract in Sect. 4 and in the presence of the BOPS contract in Sect. 5. We compare
those two models in Sect. 6 and conduct numerical analysis in Sect. 7. Section 8
relaxes some model assumptions to explore the robustness. In Sect. 9, we summarize
the paper. All the derivations of the Propositions and Corollaries are provided in
Appendix.

2 Literature review

There are two research streams closely related to our study, that is, channel strategies
and omnichannel operation. This section reviews the most relevant research.

There has been significant research on channel strategies. Most extant studies
paid attention to the pricing strategy to manage the channel conflict and channel
coordination issues (e.g., [8, 10, 30, 43, 49]. In the subarea of channel conflict,
Chen, Zhang, and Sun [8] researched pricing strategies for a dual-channel supply
chain where the manufacturer sells products via the self-online direct channel and
the retailer’s offline channel. They showed that the addition of the direct channel
reach a win—win outcome. Matsui [30] explored the price competition in a dual-
channel supply chain. They implied that it is not an optimal choice for supply chain
members to design the wholesale price and direct price simultaneously. Niu, Cui,
and Jie [33] investigated the pricing and channel conflict issues when the supplier
opens an online direct channel. They found that fairness concern and channel power
play a significant role in determining the supplier’s decision. Zhou, Zhao, and Wang
[51] examined price decision-making in a dual-channel supply chain considering
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asymmetric channel information. They revealed that the manufacturer outperforms
the retailer in capturing channel information. Pun, Chen, and Li [35] declared that
the manufacturer is unwilling to implement a dual-channel structure when customers
can freeride on the pre-sales service of channels.

Previous research related to channel conflict focused on discussing the
establishment of online direct channels based on the distribution channels of
traditional retailers [13, 16], Li et al. [21]. Most studies conclude that manufacturers
reduce wholesale prices to prevent excessive reduction of retailers’ physical store
demand, thereby alleviating double marginalization [43]. Double marginalization
problems are usually solved through coordination strategies. The literature
discussing channel coordination—the second branch of channel strategies—focus
on the design of channel contracts, such as wholesale price contracts [10], profit-
sharing contracts [42], cost-sharing contract [44], and two-part tariff contract [8].
However, the above literature whether channel conflict and channel coordination
have ignored consumers’ channel switching behaviors.

Closer to our study are research considering cross-channel strategies. For
instance, Nie et al. [32] examined the roles of the cross-channel effect on two
competing brick-and-mortar retailers who add online channels to implement an
online-and-offline strategy. Radhi and Zhang [36] studied the impact of cross-
channel returns on order quantities of physical and online channels. Bian, Zhao, and
Liu [3] examined two manufacturers’ cross-distribution channel strategies and their
collusion incentives. Huang, He, and Chen [15] explored the cross-market sales
channel strategies of luxury brand manufacturers who sell products via two separate
markets. Notably, those studies state the cross-channel purchase as the model
that consumers search for goods, compare goods prices, and determine purchase
decisions in different channels. The main point is adding online/offline channels
to satisfy consumers’ channel preferences. However, little research has addressed
consumers’ channel experiments and channel transfer behavior, and the resulting
cross-sale effect.

Our research is also relevant to the omnichannel operation. There are different
types of omnichannel models explored by scholars, such as “Preorder-online,
pickup-in-store” [47, 48], “Reserve-online-pick-up-and-pay-in-store” [45], “Online-
to-offline” [7], “Buy-online-and-pickup-in-store” [20], and “Showroom” [12].
Furthermore, some scholars define omnichannel as the model that retailers open
online, offline, and APP channels simultaneously to provide multi-channel service
[39]. While other scholars divide omnichannel from the perspective of the shipping
model, such as Ship-to-store [1] and Ship-from-store [2]. A common feature of
those omnichannel models is that enterprises provide consumers an opportunity
to experiment with different channels and transfer from one channel to another to
realize their purchases.

Among the above-mentioned omnichannel models, one of the most popular and
researched models is BOPS. For example, Cao et al. [5] examined the role of BOPS
service on channel demand, pricing, and revenue of retailers. They found that the
introduction of the BOPS channel enables the retailer to win higher profits under
some simple conditions. Gao and Su [11] built an analytical model to research the
role of the BOPS initiative on channel operation strategies. They found that a BOPS
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Table 1 Summary of the major literature review

Literature Channel context Cross-sale BOPS Separate entities Decision
for different
channels
Matsui [30] Dual-channel X X \/ Pricing, channel
competition
Guan et al. [13] Dual-channel X X \/ Pricing, channel
competition
Choi & Guo [10] Dual-channel X X \/ Pricing, channel
contract
Nie et al. [32] Dual-channel 4/ x X Pricing, channel
competition
Radhi et al. [36] Dual-channel \/ X X Pricing, channel
integration
Gao & Su [12] Omnichannel 4/ X X Pricing, channel
integration
Kong et al. [20] Omnichannel \/ \/ X Pricing, channel
integration
Cao et al. [5] Omnichannel \/ \/ X Pricing, channel
integration
Lin et al. [27] Omnichannel \/ \/ X Pricing, channel
integration
M. Lietal. [21,22, Omnichannel 4/ v v Cooperative
25] advertising
Present study Omnichannel \/ \/ \/ Pricing, channel

co-opetition

revenue-sharing policy between channels can mitigate incentive conflicts. Shi,
Dong, and Cheng [38] showed that adopting the BOPS strategy will lead to a higher
profit for the retailer when there are more informed consumers. Jin, Li, and Cheng
[19] developed a theoretical model to study the BOPS strategy and its service area.
They proved that the size of the BOPS service area is determined by BOPS custom-
ers’ arrival rate and unit inventory cost. Niu, Mu, and Li [34] clarified that the store
pick-up service will raise the retail price but reduce the online demand size. Kong
et al. [20] compared the consistent and inconsistent pricing strategies of online and
offline channels when retailers adopt a BOPS policy. They found that the inconsist-
ent pricing strategy outperforms the consistent pricing strategy under a low BOPS
channel operating cost. Lin, Zhou, and Hou [27] investigated the influence of BOPS
on price and quality decisions in an omnichannel supply chain.

After reviewing the BOPS-related studies, we find that those works treat the
retailer as a single operator for the online, offline, and BOPS channels. Unlike the
existing omnichannel environment, our work considers an omnichannel supply chain
composed of multiple channel operators—one manufacturer sells products via the
self-online channel, the retailer’s offline channel, and the BOPS channel cooperated
with the retailer, which leads to a more complex channel competition and double
marginal effect. More closely, [21, 22, 25] examined an omnichannel supply chain
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system where a manufacturer cooperates with a retailer to provide a BOPS strategy,
whereas they focused on the cooperative advertising strategy. Table 1 summarizes
the most relevant literature and the contribution of this paper. Our research not only
proposes optimal operation strategies for the omnichannel supply chain composed
of multiple channel operators, but also fully identifies the competitive and coopera-
tive relationship between omnichannel players, and suggests management insights
on whether and when to adopt the BOPS contract.

3 Problem statement and model assumption
3.1 Omnichannel supply chain

Consider an omnichannel supply chain composed of one dominant manufacturer
and one retailer. The manufacturer sells products through the self-online channel
with a retail price p, and an offline channel operated by a brick-and-mortar
retailer with wholesale price w. The manufacturer opts to open a BOPS channel
in cooperation with the retailer, satisfying the channel transfer and experiment
preference of consumers. In the BOPS channel, consumers can order products on
the manufacturer’s online platform and then pick up products in the retailer’s store,
showing a cross-channel behavior. The cross-channel behavior may lead to the issues
of channel competition, interest conflict, and double marginal effects between the
manufacturer and retailer, which subsequently leads to the changing in pricing and
co-opetition relationship. Furthermore, consumers may make additional purchases
for other goods when they pick up the products in the brick-and-mortar store. To
address those issues, we adopt the utility theory to characterize the competition
relationship between channels. Moreover, we design a revenue distribution
mechanism to model the interest conflict. We investigate the impact of the BOPS
contract on operational strategies by comparing equilibrium solutions in the case of
the BOPS and in the case without the BOPS. Additionally, we conduct an extension
section to research the problem of the additional purchase.

In the BOPS channel, to encourage the retailer to participate in the contract, the
manufacturer provides the retailer with a unit payment » for each BOPS sale. As in
[21, 22, 25], n is long-term and always determined through negotiation, indicating
that # is exogenous. Meanwhile, the manufacturer incurs an extra operation cost
¢, for the BOPS contract, which represents the operating cost of coordinating the
online and offline logistics and information [47, 48]. Similarly, due to the cost of
storing products and addressing the pick-up process, the retailer bears an extra cost
cg for the BOPS contract [27].

The manufacturer sets a uniform price p, for the online and BOPS channels,
which is a common assumption in omnichannel literature (e.g., [27, 29, 47, 48].
The retailer resales the product via the offline channel in retail price p, (p,>w>0),
satisfying p,=w+m, where m indicates the profit margin [23, 28].
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3.2 Consumers

Consumers obtain a valuation v from purchasing a product. Since consumers cannot
touch and try-on online products, they value the online product with a discount
valuation fv, where f (0<f < I) indicates the channel acceptance [46]. Regarding the
BOPS channel, although consumers order online, they can touch and feel the product
when picking it up in-store. Thus, consumers obtain a v when purchasing from the
BOPS channel, which is consistent with the offline channel [14].

Consumers incur an offline hassle cost & if they purchase from the offline channel,
indicating the travel costs in the process of visiting the physical store. Note that the
geographical locations of consumers are distinct and consumers who reside further
away from the physical store may generate a higher travel cost. Therefore, we assume
that &, is uniformly distributed within 0 to 7, i.e., &,_;, with a density of 1. A similar
assumption can be found in related omnichannel topics, such as Cao, So, and Yin [5,
47, 48]. For the consumers who purchase from the online channel, they have to bear
an online hassle cost #,, including the shipping cost, browse cost, and time cost of
waiting for shipping [5]. For the BOPS market, consumers first browse the website to
search for products and incur a cost associated with £ ; they then travel to the store and
offset a travel cost associated with 4. Let , denotes the consumer’s BOPS hassle cost.
Here, h;, should be 1) a proportion of 4, because consumers do not need to undertake
the shipping cost and time cost of waiting for shipping compared to online purchases;
ii) a proportion of &, because consumers pick up their online orders directly without
offsetting time or costs to search products. As in Kong et al. [20], we assume that A, is
a function of A, and A, that is, h,=&h,+&Eh,, where &; (0<&,<1) and &, (0<é,<1)
imply the proportion of &, generated in the BOPS channel and the proportion of
generated in the BOPS channel, respectively.

There are two types of customers, namely, omnichannel consumers (1) and offline
consumers (1-x) [47, 48]. The former will consider available channels when making
a purchase. They will purchase from the online channel or offline channel if the BOPS
channel has not been opened; they will choose the online channel or BOPS channel
or offline channel when the BOPS channel is established. The latter only purchase
in-store, corresponding to those who are old-fashioned or show a low inconvenience
cost to buy from the store [5].

3.3 Event sequence and notations

The event sequence of the omnichannel system is as follows. First, the dominant manu-
facturer decides whether to open the BOPS channel in cooperation with the retailer,
and the retailer chooses whether to accept the BOPS contract. Second, the manufac-
turer designs the online price p, and the wholesale price w. Following this, the retailer
sets the offline price p, to maximize its profit. Finally, consumers select a preference
channel based on net utility. To research the co-opetition strategy of omnichannel sup-
ply chain members, we study two cases: the benchmark in the absence of the BOPS
contract (a typical dual-channel; denoted by Strategy DC) and the omnichannel supply
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Table2 Summary of notation

Symbol Definition

Decision variables

Pe The online price set by the manufacturer
w The wholesale price
D, The offline price set by the retailer. p.=w+m, where m indicates the profit margin
Other notations
v The valuation that consumers obtain from purchasing a product
n The unit compensation the manufacturer provides to the retailer for BOPS sales,
where p,>#n>0
CopCr The BOPS operation cost of the manufacturer and retailer, respectively
y/] The online channel acceptance, 1 > >0
hy The offline hassle cost of consumers, i, ~ U[0, T
h,; hy, The online hassle cost of consumers; the BOPS hassle cost of consumers
& é, The proportion of online hassle cost generated in the BOPS channel, 1>¢,>0;
The proportion of offline hassle cost generated in the BOPS channel, 1>£,>0
u The proportion of omnichannel consumes, 1> >0
U,U,U; The consumer utility of the online, BOPS, and offline channels, respectively
D,D,;D; The market demand of the online, BOPS, and offline channels, respectively
11,11, The profit of the manufacturer and retailer, respectively
u U
) E— :
Mr=pe=h To
vep T Br=pe=h, L v
fr-p.—h Lo
v—p, T v—p, ~T|
0 T M 0 (=phep.—p +h, T 0 T
@ P <(=prp.+h,~T (b) (=pl+p.+h, =T <p, <(=fl+p.+h, (©) P, >(=ph+p.+h,

Fig.1 The market segmentation of omnichannel consumers

chain in the presence of the BOPS contract (denoted by Strategy OC). Table 2 summa-
rizes the notations of this paper.

4 The benchmark in the absence of the BOPS contract

4.1 Model setup

In the benchmark, the manufacturer sells products via the online channel and the

retailer’s offline channel. Consumers own a utility U, = fv — p, — h, when they
purchase online and U, =v —p, —h, when they purchase offline. Accordingly,

@ Springer



Z.lietal.

consumers maximize their utilities by strategically opting for online and offline
channels.

1. Omnichannel consumers. Omnichannel consumers () purchase from the online
channel within threshold &,_;, and from the offline channel within threshold
U, > max {UO,O}. By deriving U;> U, we have p, < (1 = f)v+p,+h, — h,.
To ensure U;> U, is absolutely true, p, should be satisfied
p, < min {(1 -Pv+p,+h,— hs}. Since A, follows uniformly distributed over
0 to T, then we have min {(1 — v +p,+h,—h} =1 =pywv+p,+h,—T.
Therefore, when p,. < (1 —=pg)v+p,+h,—T, all omnichannel consumers
buy via the offline channel (See Fig. 1a). In contrast, by deriving U, > U, we
have p. > ({1 -p)v+p,+h,—h, Then p, >max{(1 —ﬁ)v+pe+h0—hs}
should be satisfied to ensure U,> U, is absolutely true. Similarly,
max{(l —ﬁ)v+pe+h0—hs} ={-p)v+p,+h, Thus, when p, > (1 - f)
v+ p, + h,, all omnichannel consumers buy via the online channel (See Fig. 1c).

In threshold p, € [(1 = ) v+p, + h, = T,(1 = B) v+ p, + h,|, neither U;> U,
nor U, > U, is absolutely true. Omnichannel consumers will selectively purchase
from the online or offline channel (See Fig. 1b).

Note that, this study focuses on the situation that the online and offline channels are
coexisting. As such, the condition p, € [(1 -PHv+p,+h,—T,(1=-pv+p,+ ho]
is assumed to be satisfied. Referring to Fig. 1b, the market demand of
the offline and online channels are DP“C°=1-p)v+p,—p,+h, and
DPC=0 =T — |1 =p)v+p, —p,+h,|, respectively. Here, the superscript “O”
indicates the omnichannel consumers.

2. Offline consumers. Offline consumers (1-x) purchase from the offline channel
if and only if U =v —p, —h, > 0, and quit the market otherwise. Then the
corresponding demands of the offline channel can be given as DP“~S =y —p,,
where the superscript “S” indicates the offline consumers.

Accordingly, the decision problem in Strategy DC is given as follows.
max 17 (p,, w|p,) = u(D?“~°p, + D"“~°w) + (1 — WD 5w
o J max T (p) =uDP 0 (p = w) + (1= DY p, = w). (1)
- pr €[4 =P +p,+h, =T.(1 = Pyv+p, +h,|

The first and second items on the right-hand side of I7,,” correspond to the
revenue of omnichannel consumers and offline consumers, respectively (note that
omnichannel consumers purchase from the online channel D,?~? or offline channel
DP9 if the BOPS channel has not been opened). The first and second items on the
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Table 3 The equilibrium solutions of Strategy DC

Variables Equilibrium solutions
(pPC*, wPC*, pPex) PU=pyv—=(=ph,+T  (1=pv+Tp G=Prvu((1=h,+2T)
¢ " 2(1—4) To2l-w) 4(1-p)
(DDC*O*’ pPC-0x, DDC*S*) (Q—p)p=1)v—Q—p)h, +2T (1+Bu=2B)W+Q—p)h, +2T (1=p)((1+pp)v—ph,)=2Tp
¢ s s 1 ! ’ a(1-n)
DCsx DCx
(G, TR) (= (209 ((1 = B2 = b, +2T6) + V2 (1 =2up + pp*2 - ) )
+u(27% = 4h,T(1 — ) + B2(2 = 3u + )
8(1-n)
[(A—ppyw+uh, ]’
16
DCx [
cs (1= ) (2uv(h, = Phy(4 = 3p0) + 4TP) +v* (1 = 2uf + up*(4 = 3p)) )
+u(h2(4=Tu+3u*) — 1277 = 8h,T(1 — p))
32(1-p)

right-hand side of I7,°¢ correspond to the revenue of omnichannel consumers and
offline consumers, respectively. In addition, consumer surplus (CS) is given by:

A=Byv+p2<—pP+h,
/ (v = pP* — hy)dh
0

r s

T
+ / (Bv—pP —h,)dh, | (2)
1=)v4pPCs—pDCs4h,

D(*

+(1 = p) / pP<* — hy)dh,,

DC —
cs {[pPC* wPCx poC+ -
e sy

where the superscript star implies the equilibrium solution.
By using the standard backward induction approach, the equilibrium price, demand,
and profit configuration can be characterized through the following proposition.

Proposition 1 In Strategy DC, given the condition of pP© € [(1 = p)v + pPC + h, — T,
[(1 - P+ pDC +h l the equilibrium price, market demand, and profit of the manu-
facturer and retailer are summarized in Table 3.

Proposition 1 shows that when the manufacturer and retailer have not reached
the BOPS contract, the dominant manufacturer derives a maximization profit
IT,,°C" by setting a retail price and wholesale price configuration (p,”¢", wP<™). As
a Stackelberg follower, the retailer gains a maximization profit I7,°¢" by setting an
offline retail price p,”“". Note that, equilibrium solutions are determined by some
special parameter values. We conduct the following section to explore operation
strategies.
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Table4 The impaf:F of. main 5 N L T P
parameters on equilibrium °
solutions o 1 1 ! 1 1
wbCs N/A 1 N/A 1 1
P ! 1 1 T 1
ppe-ox 1 Lp<p 1 1
1.8 > B
ppe=ox | > 1 ) 1
Tﬁﬂ < ﬂl
pres g 1 ! Lol
e LB<B  Lv<¥o Lh,<h, 1 —
1.6 > B, Tv> ¥ Thy > gy
ch»« 1 1 1 N/A |

The notation “1” indicates positively correlated, and “|” indicates
negatively correlated

4.2 Equilibrium analysis

In this section, we investigate the impact of main parameters on equilibrium solutions,
including 3, v, h,, T, and p. The following corollary summarizes the results.

Corollary 1 In Strategy DC, the impact of main parameters on equilibrium solutions
is given in Table 4.

Where 4 — L4 — w20-1) 4 _ A=W’ (Bv=hy) 7 _ 2T=v(1=pC-p) 5 _ Hho(BC—W=D=2uTh
h=0h e 2 > hor P )
Corollary 1 reveals some insights. First, # derives a higher online price and a

larger online market, while it leads to a lower offline price and a fewer offline mar-
ket. A high g implies that the online channel is acceptable, as such, the manufacturer
can capture more omnichannel consumers and then charge a higher online price.
Naturally, the offline channel is at a disadvantage and then results in less market.
To this end, the retailer reduces the offline price to compete with the online chan-
nel. Note that the offline market demand associated with offline consumers increases
with f. Since the retailer reduces the offline price, thence, it is natural for offline
consumers to buy more. In addition, the manufacturer derives a higher profit when
the online channel is attractive (i.e., f > ﬁz); while the retailer’s profit decreases
with f because the offline channel is less attractive under a larger f.

Second, the role of v matches our theoretical prediction, in that, the higher the v,
the higher the price charged by supply chain enterprises. Besides, when f < /?1, a
higher v results in a stronger competitive advantage for the offline channel, then the
demand of the offline channel will be higher, while the demand of the online chan-
nel will be lower. In addition, the profit of the manufacturer first decreases and then
increases with v. The reason behind this is that consumers are unwilling to purchase
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products in a low valuation v (i.e., fv), which leads to a low market and profit for the
manufacturer. In contrast, a sufficiently large v enables the manufacturer to derive
more profit. Differently, the profit of the retailer increases with v because the offline
demand has a full valuation v.

Third, concerning the impact of £, a higher £, result in a lower online price but
a higher offline price. The intuition behind this is that the manufacturer reduces
the online price to attract consumers when the online hassle cost is large; and
subsequently, the offline channel is at an advantage in channel competition and then
the retailer raises the offline price. As a result, the online market will be lower and
the offline market will be larger. Note that the offline market associated with offline
consumers decreases with 7. It follows that the retailer raises the offline price when
h, is large. In this instance, offline consumers are unwilling to purchase products
due to low utility. Additionally, the manufacturer derives a high profit when %, is
relatively large (i.e., b, > h,;). Note that the manufacturer’s revenue is generated
from the online, BOPS, and offline channels in an omnichannel environment. An
increased or decreased revenue for a special channel may not absolutely lead to a
higher or lower total profit. Here, a large /4, may stimulate omnichannel consumers
to purchase through the BOPS or offline channel, allowing the BOPS and offline
channels to capture more markets. In this situation, the manufacturer can benefit
from the offline channel through the leverage of wholesale price. Totally, although
the revenue of the online channel may be lower when £, is high, the revenue brought
from the BOPS and offline channels will be large enough to generate an enhanced
profit. In business practice, with the increase in the hassle cost of online purchases
(e.g., consumers have to pay for the shipping fee, spend more time waiting for
products to be delivered, and so forth), Meituan.com, an online platform in China,
tends to deliver consumers’ online orders to convenience stores such as Tianfu
and Tangjiu. Consumers can pick up their goods in those convenience stores after
receiving the picking information. According to the data of Meituan.com, the
omnichannel markets will increase by 67% year on year in 2022.

Fourth, regarding the 7, we find that the larger the 7, the large the markets
captured by the manufacturer and retailer. This is because supply chain enterprises
are likely to cover consumers under a large 7. At this point, the manufacturer raises
the online price and wholesale price, then the retailer responds by increasing the
offline price. However, offline consumers buy less when T is relatively large because
the retailer charges a high offline price.

In addition, the higher the p, the more likely the omnichannel consumers
to choose the online channel rather than the offline channel. As a result, the
manufacturer can increase the online price, and then the retailer responds by
charging a higher offline price. However, the retailer derives less profit with large
u because the retailer captures fewer offline consumers. Note that the impact of
u on the profit of the manufacturer cannot be proved analytically, we thus turn to
numerical studies in Sect. 7.
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Fig.2 The market segmentation for omnichannel consumers under the BOPS contract

5 Omnichannel supply chain in the presence of the BOPS contract
5.1 Model setup

In this section, we investigate the scenario where the manufacturer opens the BOPS
channel in cooperation with the retailer. Based on the model assumption, the utility
of consumers for the online, BOPS, and offline channels are U, = v —p, — h,,
U,=v—p,—&h,—&h, and 3 > fu, respectively. Consumers maximize their
utilities by opting for the optimal channel.

(1) Omnichannel consumers. Omnichannel consumers purchase from the
online channel within threshold U, > max {Ub, US,O}; from the BOPS channel
within threshold U, > max {Ua, US,O}; from the offline channel within threshold

U, > max {U e Ub,O}. By comparing the magnitude of channel utilities, we have
seven channel configurations under different conditions, which are given in Table 5.

Observation 1 When p, is small, omnichannel consumers will purchase from the
offline channel (e.g., Situations 1, 11, 11, and IV); and from the online channel other-
wise (e.g., Situations V, VI, and VII). When h is small, omnichannel consumers will
opt for the online channel (e.g., Situations Il and VII), while they will opt for the
BOPS channel if ho,, is relatively large (e.g., Situations 1V and VI).

Observation 1 matches our theoretical prediction that a low price leads to more
demand; a small hassle cost results in greater demand. Note that, this study explores
the co-opetition strategy between the manufacturer and retailer and investigates the
channel competition among available channels. As such, we focus on the situation
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Table 6 The equilibrium solutions of Scenario OC

Variables Equilibrium solutions
poc A=m)(vtntey—Eh ) +T(1-Er )
2(1=p)
wOC* =y +uD)(1=&+u& ) +u(cr—n)(1-4)
2(1-p)(1-&r+u&,)
prOC* (v—puv)(3-3&,—u(1-38,))+u(1—p)(2n—cg+cy +h, & —2T& ) +2uT
A= (1-&+us)
DOC-0% &HT—(1=pv—(1-¢)h,
0 e
&
Do v(1-&)(4=350 — ) —4p(1 = & + u&,))

+h, (4(1=&) (1= & + &) — & (4 =352 — ) + 281 — w))
—§2<2(1 - 52)(’1(1 —p)t+ey+ T(l -&+ ﬂ‘fz)) + peg — ﬂcM(l - 252))
452(1—52)(1—52‘*#52)
[ heg +ho&12 = 1) + (1= ) (20 = v+ &, — 208, — 2h,6,&)
F2T(1=&)(1 =& + u&) + ey (2 — =28 +2u&,)
4(1-8)(1-&+ns)

D?C—S* [v( 1 —M)( I+pu—=&+ué, )—u(2T+2n—2rm+(l —u)(cM +&1h,—cp=2T&, ))]
’ 4(1—p)(1-&,+u&,)

DOC*O*
K

The profit equations and consumer surplus are too large to provide here, please refer to Appendix A

that the online, BOPS, and offline channels are coexisting, namely, Situation III. In
this situation, we illustrate its market segmentation in Fig. 2.

e—Pr i, (1=pyv+(1-&)h,
Where iy = 220y = (1= p)v+p, = p, + o hg = —é o,

The market demand of the online, BOPS, and offline channels can be derived

. _ =P+ h,
from Fig. 2, namely, D% 9=h,-0= pf_—gzl, D=0 = p —h,
= (=)Apt (-6 =8)h=6(pep) o4 p0C-0 —  _ = &T=0=pv=(1=6)h,
&5(1-8) ’ 0 s3 & ’

(2) Offline consumers. Offline consumers purchase from the offline channel
if and only if Uy =v—p,—h, >0, and quit the market otherwise. The market
segmentation of offline consumers in Strategy OC is consistent with Strategy DC. To
this end, the corresponding demands of the offline channel can be D=5 = v —p,.

Accordingly, the decision problem of Strategy OC is given as follows.

max 19 (p,. w|p,) = (D% °p, + DI (p, — n — cyy) + DO w) + (1 — WD Sw
, { max 12 (p,) = kD0 (1 = ) + DY (p, = w)] + (1 = DS p, = w).
’ P, € (max {p,s.p,3 }. Pyl By < hypapp > (W) > 0
3)
The revenue of the manufacturer and retailer is generated from omnichannel
consumers and offline consumers, which is consistent with Eq (1). In contrast,
there is an additional term DY~ due to the opening of the BOPS channel.
Besides, consumer surplus is as follows:
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Table7 The impact of main

L Normal parameters BOPS contract related
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“)

Deriving the above decision model, we have Proposition 2.

Proposition 2 In Strategy OC, given the threshold p?c € (max {p,z,Pﬁ}» Pr4] and
h, < h,,, the equilibrium price, market demand, and profit of the manufacturer and
retailer are summarized in Table 6.

Proposition 2 shows that after reaching the BOPS contract, the dominant
manufacturer can derive a maximization profit I7,,°C" by setting the equilibrium
price and wholesale price configuration (p,°C”, w?C™). The retailer, as a Stackelberg
follower, gains a maximization profit I7,°C" by setting the equilibrium offline price
p,°¢". Note that equilibrium solutions are determined by some special parameter
values. Therefore, we conduct the following section to explore the operation
strategies.

5.2 Equilibrium analysis
In this section, we examine the impact of main parameters on equilibrium solutions,

including the normal parameters f3, v, h,, T, and u; and the BOPS contract related
parameters ¢, cg, 17, &;, and &,. The following corollaries disclose the results.
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Corollary 2 In Strategy OC, the impact of main parameters on equilibrium solutions
is given in Table 7.

There are several noteworthy observations from Corollary 2. First, concerning
the impact of f, it is easy to infer that the larger the S, the larger the online market
the manufacturer captures, while the offline demand will be lower under a channel
competition environment. Second, we find that v leads to higher online, offline,
and wholesale prices. This is because the higher the valuation the consumers
perceive the product, the higher the price the supply chain enterprises charge to
maximize their marginal profits, which is consistent with Strategy DC. However,
the BOPS channel captures a higher market with increasing v when f is relatively
low (i.e., f < f}). The rationale is that the online channel is less acceptable
under a low p. In this situation, the BOPS channel shares a large proportion of
omnichannel consumers, which results in higher market demand. Besides, it is
intuitive to find that offline consumers buy more under a high valuation. Third,
the role of &, in Strategy OC is in line with Strategy DC. Conversely, the demand
of the BOPS channel decreases with h, when x is small (i.e., I19€). The chief
factor driving this result is that there are fewer omnichannel consumers when y
is low. In this instance, those consumers purchase less via the online or BOPS
channel when #, is large. Note that, the action of T in Strategy OC is in line with
Strategy DC. Therefore, we will not repeat the management analysis.

In addition, there are some interesting findings associated with the BOPS-
related parameters (See Table 7). Concerning the BOPS operation cost (i.e.,
¢y and cg), the larger the ¢, the higher the price the manufacturer and retailer
set. This is because the manufacturer and retailer raise their prices to balance
marginal profit. Kong et al. [20] also argued that retailers will raise the online
price to compensate for the increase in operating costs, whereas they focus on the
scenario where the retailer is a single operator for the online, offline, and BOPS
channels. Additionally, the larger the cp, the lower the offline price the retailer
charges. The reason behind this is that the retailer is unwilling to reach the BOPS
contract if ¢y is large. To this end, the retailer will lower its price to attract
omnichannel consumers who originally make a BOPS purchase but transfer to
an offline purchase. In this instance, the manufacturer charges a higher wholesale
price to derive more revenue from the offline channel. Besides, a high ¢ (G=M,R)
leads to a low BOPS market but a large offline market. The result is intuitive, in
that, the BOPS channel is unreachable under a large s then the BOPS market
will be lower. While the offline channel catches a chance to capture omnichannel
consumers, resulting in a higher market.

Another worth-noting issue relates to the impact of unit payment #. From Table 7,
we observe that a high # leads to high online and offline prices. It follows that the
manufacturer raises its online price to ensure its marginal profit. The retailer then
follows the pricing strategy of the manufacturer in a competitive environment. Of
specific interest would be the learning that the manufacturer will lower its wholesale
price when # is high. An explanation for this is that the manufacturer sells products
via the BOPS and offline channels simultaneously. Note that, these two channels are
opened in cooperation with the retailer. In this regard, the action of 7 is a “wholesale
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price” which plays a leverage role in coordinating the relationship of channel
stakeholders. When 7 is relatively large, the retailer enjoys a wholesale discount in
the BOPS channel. Thus, the manufacturer will also lower its wholesale price to
entice the retailer to order more, resulting in a larger offline market.

The action of £, is similar to that of s, because a high £, indicates a large
online hassle cost the manufacturer offsets. Detail analysis can refer to the action
mechanism of #,. Different from the action of 4, the online market increases with
£;. It follows that when consumers opt for the online and BOPS channels, the
larger the £;, the higher the proportion of online hassle cost generated in the BOPS
channel. In this situation, the BOPS channel is less attractive, and then the online
channel captures more omnichannel consumers.

Note that the impact of u, 1, ¢y, cg, &;, and &, on profit cannot be proved
analytically, we thus turn to numerical studies in Sect. 7.

6 Model comparison

In this section, we explore whether it is profitable for the manufacturer and retailer
to implement the BOPS contract. The following corollaries characterize the results.

Corollary 3 The introduction of the BOPS contract does not necessarily increase or
decrease the market demand of the online and offline channels, but depends on the
system parameters. Specifically,

i DOOC—O* < (Z)DIOJC—O* when & < (2)&,_,.
i (DYC-0" 4 DYE0") > (DY when & < (2)F;
il D?C—O* < (Z)D?C—O* when &, < (2)51—3-

iv. D95 > (DPC=S* when &, < (2)&_,.

Where |[H?¢| > 0 are given in Table 9 of Appendix A.

Corollary 3(i) shows that when the proportion of online hassle cost generated
in the BOPS channel ¢, is relatively small, the introduction of the BOPS channel
decreases the online demand. This is because the BOPS channel shares a proportion
of omnichannel consumers under a low &;, then the demand of the online channel
will be lower. Even though, the total online demand (including the demand of online
and BOPS channels) in Strategy OC is larger than that of Strategy DC when ¢; is
small (i.e., Corollary 3(ii)). Directly, the adding BOPS channel is attractive in a low
£,;, which results in a larger total online market. Besides, since more omnichannel
consumers purchase via the BOPS channel under a low &,, it is natural to gather that
the offline demand associated with omnichannel consumers is lower in Strategy OC
than in Strategy DC (i.e., Corollary 3(iii)). In contrast, when &, is small, the offline
demand associated with offline consumers will be larger (i.e., Corollary 3(iv)). An
explanation for this is that the retailer lowers its offline price if £; is small (Refer
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Fig.3 The impact of u on the manufacturer’s profit

to Corollary 2). Therefore, offline consumers will buy more. Plainly, omnichannel
enterprises could strive to reduce hassle costs and improve the convenience of
consumers in the BOPS channel, so as to attract more consumer groups. For
example, Freshhema, an omnichannel company in China, builds an omnichannel
network system by linking online platforms and physical stores to provide consumers
with convenience. Consumers can freely choose pick-up stores through Freshhem’s
app, which reduces the hassle cost for consumers.

Corollary 4 When reaching the BOPS contract, the pricing strategies are as follows:

oc DC
Pyt > pn

PO < ()PP when n < ()i or ¢y < (2)&y, or ¢ > (L)p.
wOC* > (WP when 57 < (>)cp.

Where 7, p9¢, and D=9 are given in Table 9 of Appendix A.

Corollary 4(i) reveals that the manufacturer raises the online price if it opens
the BOPS channel. This finding is inconsistent with the dual-channel supply
chain system because the manufacturer traditionally lowers its online price when
introducing the online direct channel [13, 21, 21, 22, 22, 25, 25]. The chief factor
driving this result is that consumers have a higher valuation for the BOPS channel
(i.e., v) than the online channel (i.e., #v) since they can touch and feel the product in
the BOPS channel. In this regard, the consumer’s reserve price for a homogeneous
product will be higher. Therefore, our result suggests online retail companies raise
the online price to derive a higher profit margin when reaching a BOPS contract
with physical retailers.

Second, from Corollary 4(ii), we find that when 7 is relatively large, the retailer
will increase the offline price in the BOPS contract, and vice versa. It follows that
the manufacturer increases the online price under a large #. Then the retailer follows
the pricing policy of the manufacturer to derive a higher profit margin. Besides,
when ¢, is large or ¢ is small, the retailer will also increase its offline price. The
intuitive is that a large manufacturer’s BOPS operating cost enables the retailer to
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enjoy a channel advantage and then raise the price; a low retailer BOPS operating
cost also leads to a higher price.

Furthermore, Corollary 4(iii) shows that the adding of the BOPS channel
decreases the wholesale price when 7 is large. This result matches the above-men-
tioned analysis, that is, when 7 is relatively large, a large discount is provided by the
manufacturer in the BOPS contract. To this end, the manufacturer will also lower
its wholesale price to entice the retailer to order more. Obviously, the retailer can
increase the offline price if it has strong negotiation skills in the BOPS contract. In
this situation, the manufacturer should reduce its wholesale price to strive for profit
space.

7 Numerical analysis

In this section, we turn to numerical analysis to study the impact of key parameters
on profit as well as verify the main results. The setting of the parameters is i)
based on empirical data collected from the real-world case; ii) to guarantee the
existence of equilibrium and for the sake of convenience.

7.1 Impact of p on the profit of the manufacturer in the benchmark

To study the impact of y on the manufacturer’s profit with different &,, f, and
v, given the model condition p?€ € [(1 = p)v + pPC + h, = T, (1 — B)v + pP€ + h,|
in Proposition 1, we assume i) v=3, f=0.9, T=0.6 with varying h,; ii) v=3,
T=0.6, h,=0.2 with varying f; iii) f=0.9, T=0.6, h,=0.2 with varying v to
research managerial insights, as shown in Fig. 3.

We observe from Fig. 3 that in most cases, the profit of the manufacturer
increases with u regardless of the magnitude of #,, §, and v. The logic behind
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Fig.5 The impact of BOPS-related parameters on profits

this is that, the higher the y, the omnichannel consumers are likely to choose
the online channel rather than the offline channel. As a result, the manufacturer
who operates the online channel can increase the online price. To this end, the
manufacturer derives higher profits with a large online market and profit margin.

7.2 Impact of key parameters on equilibrium solutions in the presence
of the BOPS contract

In this section, we first study the impact of y on prices and profits. Given the
model condition D?“~? and D~ in Proposition 2, we assume that v=3, #=0.9,
T=0.6, h,=0.2, £,=0.6, £,=0.7, ¢;;=0.1, c,=0.08, n=0.3. Figure 4 illustrates
the result.

We find from Fig. 4 that i) online, offline, and wholesale prices increase with y; ii)
in most cases, the profit of the manufacturer increases with u, while the profit of the
retailer decreases with u. The intuition behind this is that the manufacturer will raise
the online price to maximize its profit margin when there are more omnichannel
consumers. Naturally, the manufacturer will be better off. In this regard, the retailer,
as a Stackelberg follower, will also increase its price in a channel competition
context. Even though, since there are fewer offline consumers, the total offline
market will be lower, resulting in a decrease in the profit of the retailer. Therefore,
when more omnichannel consumers enter the market, physical companies should
grasp the chance to reach the BOPS contract with the online platform and follow the
pricing strategy of the online platform to avoid losses.

Next, we investigate the influence of #, ¢, ¢, &;, and &, (i.e., parameters associ-
ated with BOPS contract) on profit. The common setting is v=3, f=0.9, T=0.6,
h,=0.2, u=0.7. Moreover, we fix £;=0.6, {,=0.7, ¢,;=0.1, c,=0.08 to study the
impact of 5 in Fig. 5(a); fix £,=0.6, £,=0.7, #=0.3 to study the impact of c,, and
cg in Fig. 5(b); fix ¢,;=0.1, c¢x=0.08, #=0.3 to study the impact of £; and &, in
Fig. 5(c).

We observe that, from Fig. 5a, the profit of the manufacturer decreases with #,
while the profit of the retailer increases with 7. Essentially, the manufacturer’s profit
margin in the BOPS channel will be lower if # is large. To this end, the manufacturer
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derives less profit when opening the BOPS channel. In contrast, the retailer can
derive a high profit through the BOPS contract when 7 is relatively large.

Figure 5b indicates that in most cases, ¢, and cy increase the profit of the
manufacturer and retailer. This result mismatch our theoretical prediction that a
higher operation cost leads to a higher profit. Recall Corollary 2, the manufacturer
employs a high-price strategy to balance its profit margin under a large ¢, and
the retailer follows by raising its offline price. In this regard, they may derive a
higher profit when the incremental profit margin is sufficiently large to offset the
cost. Besides, the retailer reduces its offline price when ¢y is large. Then the retailer
can capture a large offline market including omnichannel consumers and offline
consumers. In this situation, the retailer still has an opportunity to derive a higher
profit. Consequently, it can be deduced that when the BOPS operation cost is large, a
high-price policy of the manufacturer and a low-price policy of the retailer provides
an additional profit-making opportunity.

Let us note that, from Fig. 5c, the larger the &,, the higher the profit the manufac-
turer derives and the lower the profit the retailer captures. A natural explanation is
that the manufacturer reduces its online price to attract consumers when &, is large,
while the retailer increases its offline price to enjoy the channel advantage. At this
point, omnichannel consumers will transfer from the BOPS channel to the online
channel or from the offline channel to the online channel, which increases the profit
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Fig.8 The optimal strategy between Strategy OC and Strategy DC with changing c,, and cp

of the manufacturer. Since offline consumers may quit the market under a large
offline price, the retailer is likely worse off due to the reduced offline market size.

7.3 Comparison of Strategy DC and Strategy OC

In this section, we first compare the market demand and price for Strategy DC and
Strategy OC. Here, the setting satisfies the model condition in Strategy DC and
Strategy OC, simultaneously. Thus, let v=3, f=0.9, T=0.6, h,=0.2. Figure 6 pre-
sents the comparison in terms of market demand between Strategy DC and Strategy
OC with varying &; and &,. Figure 7 shows the comparison in terms of price between
Strategy DC and Strategy OC with varying #, ¢, and c.

Figure 6 indicates that whether the introduction of the BOPS channel leads
to a higher or lower market demand depends on &;. When ¢, is sufficiently high,
the introduction of the BOPS channel increases the online and offline demands
associated with omnichannel consumers; while it reduces the total online demand
and the offline demand associated with offline consumers. Those findings verify the
results of Corollary 3. Furthermore, Fig. 7 implies that the manufacturer will raise
the online price when implementing the BOPS contract. This is because consumers
can touch and feel the product in the BOPS channel, thereby increasing experiment
valuation. However, the manufacturer increases the wholesale price only if # is low;
and the retailer increases the offline price when # is relatively large in the BOPS
contract. Those results match the results of Corollary 4.
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(a) The manufacturer’s strategy. (b) The retailer’s strategy. (c) Consumer surplus.
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(d) The common area where Strategy OC outperforms Strategy DC.

Fig.9 The optimal strategy between Strategies OC and DC with changing u and 5

Next, we compare the magnitude of profit and consumer surplus between Strat-
egy DC and Strategy OC. Figure 8 illustrates the optimal strategy with changing c,,
and cy,.

Figure 8 implies that the manufacturer intends to open the BOPS channel when ¢
is large. Referring to Table 7, the retailer lowers its offline price to attract omnichan-
nel consumers under a large cp, which may increase the offline market. In this situa-
tion, the manufacturer benefits from the retailer by charging a high wholesale price.
Apparently, wholesale price plays an important role in integrating the revenue of the
manufacturer. Furthermore, the offline market associated with omnichannel consum-
ers increases with cg, which once again provides an additional profit-making oppor-
tunity for the manufacturer. Different from the logic of the manufacturer, the retailer
is willing to open the BOPS channel under a large ¢, and a low cj. Recall Corollary
4, the retailer raises the offline price when c,, is large and cy is small. As such, the
retailer derives a higher margin profit by adding the BOPS channel. Moreover, recall
Corollary 2, the retailer captures i) a large proportion of omnichannel consumers
under a large c,,; ii) a large proportion of offline consumers under a small c. In this
situation, the retailer is likely to take part in the BOPS contract due to an increas-
ing profit. We can also find that the adding of the BOPS channel does not definitely
increase consumer surplus, and it happens only if ¢ is large. Under a high cy, the
retailer will lower the offline price. In this regard, there exists an opportunity for
consumers to gain a higher consumer surplus.
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By observing Fig. 8d we find that when c,, and c, are relatively large, the imple-
mentation of the BOPS contract (i) benefits the manufacturer and retailer; (ii)
increases consumer surplus. As mentioned above, under a high c,, and cg, a low
offline price is charged, a large omnichannel market is captured, and a high whole-
sale revenue is derived, which leads to a global optimum.

We continue to study the profitability of the BOPS contract under different ¢ and
n, revealing in Fig. 9. We note that, from Fig. 9, the manufacturer is willing to adopt
the BOPS contract when 7 is small; while the retailer intends to participate in the
BOPS contract when 7 is large. It is easy to infer that the manufacturer is willing to
introduce the BOPS contract when the unit payment offered by the manufacturer is
small, and vice versa. Besides, consumer surplus in Strategy OC outperforms Strat-
egy DC when # and y are low. The reason behind this is that a small # and y indi-
cates a low price (Refer to Table 7; Figs. 3 and 4), which increases the consumer
surplus.

Particularly, there exists a region with a middle » such that Strategy OC
outperforms Strategy DC in terms of profit and consumer surplus simultaneously.
Apparently, omnichannel supply chain enterprises should negotiate a suitable # to
reach the BOPS contract, ensuring the expected benefits for the manufacturer and
retailer. Saha and Bhattacharya [37] also argued that there should be a revenue-
sharing agreement for every BOPS order between the online operator and store
operator in an omnichannel ecosystem. In business practice, retail companies, such
as Home Depot, Macy’s, and Pepperfry, will always negotiate a commission with
their company-owned and franchisee stores when constructing BOPS service.

So far, we have conducted a detailed investigation on the profitability of the
BOPS contract. We suggest that online companies and physical companies should
highlight the parameters associated with the BOPS contract to introduce the BOPS
channel, such as ¢, cg, 1, and u. Specifically, online companies can introduce the
BOPS channel when cy, is large, forcing physical companies to lower offline price
and thereby benefiting from high wholesale price. Physical companies can take part
in the BOPS channel when the profit margin (e.g., # and p,) and offline market are
sufficiently large. Besides, online companies and physical companies must identify
the consumer attribute to adopt the BOPS contract: online companies should avoid
losing the omnichannel market due to the high-price policy, and physical companies
should grasp the chance to reach the BOPS contract with online companies when
more omnichannel consumers enter the market.

8 Extensions
In the previous section, we assume that consumers only pick up their online orders
when visiting the brick-and-mortar store. According to the study by USP (2015),

45% of the consumers will make additional purchases for other goods when they
pick up products in the brick-and-mortar store. Zhang, Xu, and He [45], Gao and Su
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Table 8 The equilibrium price and market demand of the manufacturer and retailer in Strategy OC-E

Variables Equilibrium solutions
p?C_E* [A=w)(eytv=m+n1=51h, )+ T(1=&+1&) ]
2(1=p)
WOC—E* v(1—p)(1=&+u& ) +ul (cprm—n—a—&T)(1—p)+T]

201-p)(1-&r+u&,)

Pt v(1 = 1)(3 =38 — p+2p8,)
+2Tu — p(1 — p)(cg + 2w — 20 —a — ¢y — h&, +2TE,))
4(1—p)(1-&+us,)
DOC-0-Ex &T-(1-pv—(1-)h,
&
D36707E* &H(1-¢ +ﬂfz)(a—CM —cg—hy&)

+(1=&)(1 =& + u&) (5h, + 5v = 5vf — 5h,&, — 2T&,)

—&(1 —M)(l —52)(‘1+0M —CR— V—2W+2'I+ho§1)
45(1-6)(1-5+u8)

DOC-0-Ex I-w(1=8&)(a+ecy—cpg—v—2w+2n+h,¢)
—(1—&+p&)(a—cy —cg—hé —2T(1-&))
4(1-&)(1-&+nus)
DOC-S-Ex V(1= (1 =& + u&) = 2Tu(1 - & + &)

—u(l — y)(a+cM —cg—Vv—2w +27]+h0§1)
41— (1-&+us,)

The profit and consumer surplus are provided in Appendix A

[11], and Li et al. [26] believe that offline retailers would generate a “cross-selling
benefit” under the BOPS service. When the BOPS contract derives additional pur-
chases for the brick-and-mortar retailer, then some interesting issues naturally arise.
That is, how will the retailer weigh the benefit of additional purchases and unit pay-
ment to make BOPS decision? What is the impact of additional purchases on the
manufacturer’s compensation policy? What are the changes in channel competition,
pricing strategy, and profit relationship of the omnichannel supply chain?

To address the above-mentioned practice issues, we extend Strategy OC to the
situation where omnichannel consumers make additional purchases for other prod-
ucts when picking up their online orders in-store (denoted by Strategy OC-E). Let
a denote the additional purchases that every BOPS consumer made. For those

additional purchases market (i.e., Dboc—o)’ the retailer offsets a wholesale price

w and derives a revenue DY“~%(a — w); the manufacturer gains a wholesale rev-

oC-0
Db

enue w. Here, we assume that @ is fixed because we focus on the operation

strategy of original products and the role of a. The timeline of Strategy OC-E is
consistent with Strategy OC. As such, the decision model can be developed to the
following.
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max H,‘Of'ﬁ(pe, w|p,) =u [Dgc—ope + DI?C—O (pe e/ CM) + ch‘ow + ch_ow] +(1- M)D:OC‘SW

max Hﬁc_E (p,) =u [ch_o(n - cR) + Dgc_o(a —-w)+ ch_o (pr - w)] +(1- y)DSOC_S(pr - w),
s.t.

pr € (max {p,2,py3}sPrals 1o < hogspy 2 (W) >0, a>w

)
Since consumers who make additional purchases via the BOPS channel do not

need to offset excess hassle cost, thence, the adding consumer surplus for those
(A=pyv+(1-¢ )hy
5]

consumer groups should be yt [ ... 2,
Pe —Pr

(v — a) dh,. Thus, consumer surplus is
+1ho S
1-&
given by:
‘,_p’r)cfs,
CSOE =(1-u (v = pOF — hy)dh
0

{pgcft* WOC~Ex pOC=Ex } s

+£1hy
/ (v = pOCE* — h,)dh,
0

A=py+(1-¢) Yy
& OC—-Ex
+ 4 + JOCEx_y0CEx yz 1, (v —P, =&h, — §2hs)dh:

-5

pOC=Es JOC=Ex

A=pw+(1=¢1 o T
&

& OC—Ex*
L ’ P2 P (v = aydh, + /”*ﬂ)w(lfs;)/u, (‘HV P h")dh“'
0T P by LA

1-5

(6)

Deriving the above decision model, we have Proposition 3

Proposition 3 In Strategy OC-E, given the threshold p?“~F € (max {p,y.p,3}.p.4]
and h, < h,,, the equilibrium price and market demand of the manufacturer and
retailer are summarized in Table 8.

Proposition 3 shows that when the manufacturer and retailer reach the BOPS
contract and consumers make additional purchases, the dominant manufacturer
maximizes its profit by setting price configuration (p,°~£*, wO¢=E"). The retailer
gains a maximization profit by setting price p,°¢~£".

Next, we research the robustness of our main results. All the derivations are
provided in Appendix B. We find that, from Table 10, most of our previous results
remain unchanged. Besides, some new findings associated with additional pur-
chases are as follows. First, offline price increases with a. The reason behind this
is that the larger the a, the higher the additional profit the retailer derives from
the offline channel without incurring BOPS operating cost. Then the retailer will
raise the offline price to benefit from the spillover effect of the BOPS contract.
Second, it is worth highlighting that wholesale price decreases with a. Generally,
the manufacturer raises the wholesale price to derive more offline profit when
the offline price is high (a consensus in a typical dual-channel supply chain, such
as [13, 31], while the current result presents the opposite rule. The chief factor
driving this result is that the retailer captures an additional offline demand (i.e.,
D}?C_O) without employing a low-price policy. However, the manufacturer cannot
control this market segment through the leverage of wholesale price. As such, the
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(a) The manufacturer’s strategy. (b) The retailer’s strategy. (c) Consumer surplus.
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(d) The common area where Strategy OC-E outperforms Strategy OC.

Fig. 10 The optimal strategy between Strategy OC-E and Strategy OC with changing a and 7. The set-
ting is v=3, $=0.9, T=0.6, h,=0.2, £,=0.6, {,=0.7, y=0.3, u=0.7, w = 1, satistying the model con-
ditions pOCE € [(1 = Byv + pOCE +h, = T,(1 = v+ p°E + h,], p?°E € (max {p,2py3 }»pra] and
h,<h

o = Po2:

retailer enjoys a channel advantage in the BOPS contract and the manufacturer
lowers the wholesale price to stimulate the retailer to reach the BOPS contract.
This result offers important implications for managers in the omnichannel sys-
tem: a high additional purchase enables physical companies to capture a com-
petitive advantage in the BOPS contract and forces online companies to develop a
low-wholesale price policy.

Now, we compare the profit and consumer surplus between Strategy OC-E and
Strategy OC to explore the role of additional purchases. Since the manufacturer
may conduct a differentiated compensation policy (characterized by #) when there
are additional purchases, as such, we study the equilibrium strategies by changing
a and 7. Figure 10 plots the result.

Some interesting results are observed in Fig. 10. First, Strategy OC-E outperforms
Strategy OC for the manufacturer. This is because i) the manufacturer captures an
additional wholesale revenue for other products; ii) the manufacturer captures a
higher BOPS market when consumers make additional purchases. Second, in most
cases, the retailer will be better off when there are additional purchases. However,
the retailer may derive a lower profit in Strategy OC-E than in Strategy OC when
a and 7 are simultaneously small. According to Table 10, when a and 5 belong to
a small value, the offline price is lower in Strategy OC-E than Strategy OC, while
the wholesale price is larger. It indicates a low-profit margin for the retailer, thereby
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leading to a low profit. The critical learning is that the retailer is not affirmatively
benefiting from consumer additional purchases, it happens when the additional
purchase brings enough advantage for the retailer to set a high price. Therefore,
physical companies should identify an appropriate time to design a high-price
policy to benefit from the additional purchase. Third, in most instances, Strategy
OC-E outperforms Strategy OC in terms of consumer surplus, except in the case
that a is sufficiently small and # is sufficiently large. This is because i) a small a
implies consumers enjoy fewer benefits from the additional purchases (they do not
need to offset BOPS hassle cost for additional markets); ii) a large # results in a high
price (see Table 10). In this instance, the consumer surplus in Strategy OC-E will
be lower. Totally, when a is relatively large, the overall revenue (including profit
and consumer surplus) of the omnichannel supply chain is better in Strategy OC-E
than in Strategy OC (see Fig. 10(d)). This is because additional purchases enable the
manufacturer to benefit from the wholesale revenue, and allow the retailer to derive
increasing profit through the BOPS contract.

9 Conclusion

This paper studies an omnichannel supply chain in which the manufacturer sets
up BOPS in cooperation with the retailer. We address the problem of whether
it is beneficial for the manufacturer and retailer to adopt the BOPS contract
concerning consumer type, channel preference, and channel competition. We
also investigate consumer surplus to research the economics of the omnichannel
system. Our theoretical model provides decision-makers with technical operational
recommendations, as follows.

First, operational strategy for the omnichannel supply chain. Online price
decreases with consumer online hassle cost, while offline price increases with
consumer online hassle cost. The profit of the retailer increases with consumer
online hassle cost, whereas the manufacturer derives a higher profit only if the
consumer online hassle cost is relatively large. In the absence of the BOPS contract,
when there are more omnichannel consumers, both the manufacturer and retailer
increase their prices. In this situation, the manufacturer will be better off, while the
retailer derives less profit. In the presence of the BOPS contract, the manufacturer is
not necessarily benefiting from omnichannel consumers. It should weigh the benefit
generated from the incremental profit margin and its cost. Differently, the retailer
should grasp the chance to reach a BOPS contract with the manufacturer when more
omnichannel consumers enter the market. We can observe in business practice that
many offline companies closed down during the COVID-19. Actually, those offline
enterprises are more incentive to open a BOPS channel to expand their online
market, capturing omnichannel consumers so as to avoid losses.

Second, the impact of the BOPS contract. The introduction of the BOPS
channel increases the online price, while it increases the offline price when the
manufacturer’s BOPS operation cost is large or the retailer’s BOPS operation cost
is small. Adding the BOPS channel does not definitely decrease or increase the
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profits for the manufacturer and retailer. Specifically, the BOPS contract results
in a higher profit for the manufacturer when the retailer’s BOPS operation cost is
relatively large, and it leads to a large profit for the retailer when the manufacturer’s
BOPS operation cost is large and the retailer’s BOPS operation cost is small.
Furthermore, adding the BOPS channel captures a higher consumer surplus when
the manufacturer’s BOPS operation cost is small and the retailer’s BOPS operation
cost is large. In addition, omnichannel supply chain enterprises should negotiate a
suitable unit compensation policy to reach the BOPS contract, ensuring the expected
benefits for players. For example, in the community group buying industry, Duoduo
vegetables and supermarkets usually negotiate a commission rate of 8%-10% in the
BOPS contract; Freshhema offers its offline physical store with a 10% commission
rate.

Third, BOPS strategy with additional purchases. A high additional purchase
in the process of picking up products enables the retailer to enjoy a competitive
advantage in the BOPS contract. Then the retailer can force the manufacturer
to develop a low-wholesale price policy. This is why a large body of online retail
companies stretch their footprints to offline with brick-and-mortar stores, such as
Amazon, Alibaba.com, JD.com, and so forth. Besides, the retailer derives a higher
profit if the additional purchases bring enough advantage for the retailer to raise the
offline price. In this instance, the manufacturer can benefit from the offline channel
and derive a higher profit.

There are some limitations in this paper. First, when identifying the market
segmentation of omnichannel consumers, there exist different channel configurations
based on consumers’ channel selections. However, we focus on the channel
configuration that the online, BOPS, and offline channels are coexisting. One may
extend this study to the situation considering all channel configurations. Second,
in the BOPS contract, the manufacturer and retailer reach a BOPS relationship
through a unit payment and we assume that the unit payment is exogenous. Actually,
as a “wholesale price”, the unit payment plays a leverage role in coordinating the
relationship of stakeholders. As such, it is interesting to explore the operation
strategy when the unit payment is a decision variable. Third, we assume that the
valuation consumers obtained from purchasing products (i.e., v) is constant.
However, customers may be heterogeneous in their marginal willingness to pay for
products. The situation where the valuation v follows a uniform distribution [0,1]
would be a beneficial extension of this work.

Appendix A

See Table 9

Proof of Proposition 1 According to the standard backward induction, we first derive
the optimal offline price. By taking the second-order derivative of HRL?C with respect
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Table9 Definitions of necessary notations

Nota- Definition
tion
B, h2aTH0-pe@opp- v Cph,
~ ) 4h,
$ia V(l - 52) (4-35(1-w)-4(1-¢&) (1 &+ Mfz) (v- sz)—
&I -&) (0 —wy + ey +T(1 =& + p&)) + pcg — uey (1 -28,)) -
16(1-&)(1-& +u&) ((Q— B — v — 2 — wh, +2T)
o (2(1=&)(1=p)+1)
Es [(1-8)(1=&+p&) ((1+ Bu =20V + 2 = wh,) — ueg—
(=) (2n—v+vE —208) — ey (2 — p — 28, +2u&))
1, (1=&(—m+(1-8,)(1-))
51 4 [v(—w)(14+p—&,+u&,) (A=) (1=&+u& ) (A+puyv—ph, )= (2n—2npu+(1—p)(cy—cx )]
(A=wh,
ii V3= (1-&+u& )+(1—p)(v+cg—cy —1:5, +:,,(1 —&+1é))
2(1—p)
Ty (=) (2n—cp=v+h, (& = 1+&—1E) ) VB3P (1=&+u&)
1-u
Cr A=) @rey=vth, (&= 146 =p5) )vB=A)(1=&+nts)
1—p
Qv =w(1 =&+ u&) +u(l =) (cg —n—T&) + uT
Q& (200 = ) + peg = 2u& (1= ) +2T(1 = &) (1 = & + p&y) + ¢y (2 — 1 — 28, +2u,) ) —
hy(4(1=&) (1 =& + u&) = & (4 =362 = W) +2(1 = &) )+
[ v(1=&) (36,0 — ) —4+4p(1 = & + p&) ) -
Q. [v(1-8)(8=55(1 - ) —8(1 =&+ p&)) =46 (1= &) (T +n—nu—T&EA — w)—
| Sen(Bu =4+ 450 - ) + 1, (8(1 - &) (1 - & + &) — & (8 - &(12 = 5p) +4E(1 - w)))
Q  u(A=pw(epy+2n—cp+&h, —2T&) +2T) —v(l — )1+ p = & + ué,)
Qs [v=20— pcg — v+ 20 — 28, h, + pé h, — vE +20&, + vué, — 2npé,+
725251}‘0 —2u&éh, - 2T(1 - 52) (1 &+ llfz) - CM(2 —u=25+ 21452)
Qs [v(1-&)(4-350 - w+4B(1-& +u&))-
&(2n(0 = w)(1 = &) + ueg +2T(1 = &) (1 = & + p&y ) + ¢y (2 — 1 = 26 +2u,) ) -
|, (4(1= &) (1= & + u&y) = &, (4= 562 — w) + 6(1 = wE))
DC OTIRC : DC ; .
1o p;“, we have that — & = =2 < 0. Obviously, I~ is clearly a concave maximiza-

api)cz

tion. The first-order optimal condition is.

DC
oIt
opPC

r

= =2pP +v+w+ uh, + up”< — upv )

Solving this equation yields an optimal price reaction of the retailer

p?c=%(v—uﬁv+w+ﬂ(ho+l’fc)) ®
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Substituting this optimal price reaction into the manufacturer’s optimization deci-
B—Bv+u((1-ph,+2T)
) C4d=p

, we have the Hessian matrix

sion problem and deriving the second-order partial derivatives of
DC ynd @Cowb= 1)»4(2 1Wh,+2T
HDC _ —HQ2 =y

u—1

with respect to p;

=2u(l —p) )

[(1-upyv+uh, ]|’

DC
Since 20 — _ 2 — ) < 0, T Z = —1 <0, and [HPC| > 0, then {1222

oppe?

is strictly jointly concave in pe ¢ and wP€. By employing the first-order conditions,
we can get

aHDC

apgc - g(ZT — v+ 20wPC 4 208 — 1,2 — ) — 2pPC2 — ) — upv), (10)
aHDC
o= L2, +202) ) an

Solving Eqgs.(10) and (11) yield jointly optimal solutions

‘ 20— , 20—

Substituting (pP¢*, wP*) into pPC, DPC=0, pPC=0 pPC=5 TIPC TIDC and CSPC,
we can get the optlmal solution of the supply chaln system in Table 3.

12)

Proof of Corollary 1

i. The impact of §

dpeDC* B K oo dpf)C* _ _ .
df 27 7 Tdp  Ml-p)
Aoy @epy o AT @y AP (v
dp 4 ' dp 4 : dp 41— p)
PIUF™ _ p@—p? v+2(h,~T) dnc v42(h,~T)
Sl >0, when f < o then < O.when g > oo
dHDC*
then —2— > 0.
driRc —uw[(1- h . 1o¢* —pv[(1- h
) (Ve "],smcel —up >0, then e _ wo[(A=ppyv+uh,] <0
dp 8 dp 8
ii. The impact of v
dpP™_p dwPC* 1 dpP G=pu) _ G-t
—— =35> 0.7 =3 0.7 TR since 3 > fu, then 22— - =i 0
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-

<0, iff>—

dpPe-ox _ L4+ pu—2p] 2—u
dv 4 50, iff<—
L 2—p
. 1
—0s >0, iff>—
dDPc=0 _Q@-mwp-1) 2-u
dv 4 <0, iff<—
L 2—p
doy T _14pu
‘ _ S
dv 4
dy _ p(A=pQoih 2T (1 =2pp) 4202 (A=) 0 I (1-2up+2up ) o
a 4 ) > e 2 .
DCx _ _ _ 2(1—
When p, =p,+&h, then dl';ﬂ: _ Ha-pe ﬂ))h0+2Tﬁ)+:((l WD) .

DCx

drl .
d—M > 0 otherwise.
vV

diR®— (1—up)[(1—pup)v+uh, ]
v 3

. anee« 1- L—puf)v+uh
,since 1 = uff > 0, then —E— = A-up( 8”””*“ S0,

iii. The impact of &,

dpDC* dpDC*
L =—-<0. —==>0
dh, 2 dh, — 4
DC—0x DC—0x DC—Sx
4D, =2_M>O. 4, =—2_M<0. dDS—:—E<O
dh, 4 dh, 4 dh, 4
AT pv(A=pQR=p) 2T +uh, Q=p) o PTG -
= 2 and e =3 > 0.
dIL™ _ v =R =) = 2TN+ph, Q=) _
dh, 4 ’
When h, < ZZ2U=PC2) thep griPc
0 2—p ’ d;: > (0 otherwise
dig™  p[(1—upyv+ uh,)
dn, ~ 8
iv. The impact of T
i 0P
dT ~ 2(0—-w ~ dT T 2(0-w ~ dT  2(1-p)
DsDC—O* 1 0 dD?C_O* 1 0 dDSDC—S* 4 0
==->0. —2——==->0. =- <
dT 2 dT 2 dT 2(1 - p)
DCx _ — . —(1=Bw—(1-
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v. The impact of u

dpP< T awPcs T dpP™ 3= P+ = plh, +2T
= > 0. = > 0. >0
dp 2(1—py? du  1—p dp 41 - py?*

dD[‘)CfO* v—h
: =1 - . Here, to ensure consumers make a purchase decmon ,suppose that

d” DC*O*
U, = pv—p, —h, > 0always hold, namely, v — h, > 0. Obv1ously, > 0.
%:0* = &=k Since fv — h, > 0 always holds, then we have 2= _ —@ <0.
o (=P (pyv=h,)
dDSDC—S* (1 _ ,U)z(ﬁv _ ho) 271> 0, ifT< 5
du 4(1 — p)? 1—u(pv—nh
(1= p) <0, s ¢ W (Bv —h,)
2
DCx _(fv— _ .
dzﬂ G h”)[(; ”ﬂ)v+”h"]. Since U, = pv—p,—h, >0 always holds, then
DCx —(fv— —uB)w
pv—nh,> pv—p,—h, > 0. Obviously, IZ’; gt h")[(; u)+it] < 0.

Proof of Proposition 2 Based on the standard backward induction, we first derive the
optimal offline price. By taking the second-order derivative of ch with respect to

2170C
pOC we have that & = —2(1 + %) < 0. Obviously, ch is clearly a concave

0C7
0 %2

maximization. The ﬁrst—order optimal condition is.

ONQC  w— peg + upPC + nu+ pérhy +v(1 = w)(1 = &) — wéy + pwéy — 2p9€ (1 = &(1 — )

opoc B 1-&
13)
Solving this equation yields an optimal price reaction of the retailer
oc _ WHHPIC+n+hg —cg) +v(1 = (1 =&) —wiH(1 - ) "

' 2-26-p)

Substituting Eq. (14) into the manufacturer’s optimization decision problem and
deriving the second-order partial derivatives of IT9¢ with respect to p°¢ and wo¢
we have the Hessian matrix

_ﬂ(1+(1—ﬂ)(1—2§z)) I 2001
HOC = (1—52)(]—52(1—14)) 1-5 = M (15)
H _1-650d-w 1-— 52
1= 1-¢,
e P p(H0-(1-25)) P _ _1=50-m) oc
Since 305 = Tt <O =T g < 0, and |[H€| > 0, then

I9C is strictly jointly concave in p?¢ and wO¢. By employing the first-order condi-
tions, we can get
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e 2(1-6)(1-&0 - w)
(16)
OGE v(1— =& =) + u(cg = ey +200C = 20+ &, ) = 2w(1 = &1 — p))
owoc 2(1-¢)
a7
Solving this two equations yield jointly optimal solutions
oc _ U —w(v+n+ey—&h,) +T(1-&+u) (18)
e T 21— ) ’
OV=mv+uD)(1 =&+ ug) +ulcg —n)(l = p)
WOC* — ( ) ( R ) . (19)

201 = (1 - & + uéy)

Substituting the optimal (pfc*, wOC*) into p9¢, D90, Dboc‘o, DOC=0 poc=Ss,

H}?/[C, ch, and CS9C, we can get the optimal solution of the supply chain system in
Table 6. Specifically, the optimal profit of the manufacturer and retailer, and con-
sumer surplus are

[ Q@ (v(1 =) (1+ = & + u&) — u(l = w)(cpy + 20 — g + h, — 2T&,)) — 2uT)
A-w(1-&+u&)
A1 =P +hy(1=&) +T&) (1= w)(cy +v+n=hé ) +T(1 =& +us))

50—
e = 3 <(1 = (0 =20 (1 = &) +2h,£1&) — Heg = hy& (2 — /4)—)9
2T (1= &) (1= &+ i) — ey (24 i+ 2 = 2u8s) 1

U=w(1-&)(1-& +p&)’
(T—ey =)+ A= (v=—n—hy&) - T&N - 1)
HU-w(1-&)(1-& +u&)

(20)
16vnu(l = B) + &7 (1 = 240) + 2& peyy (v — ) — 8Tnué, — 8vnuéy(3 — 4p)
FuPEy (2, + & — 8 — 2cpv + V2 + By + 8vy — 16vPn + 8n* + h2E7)
+2v§§ (2;41/ -V - CMM) + 811;45% (cM +2T +v—-2pfv+ n) — 21cp€s
+2/425§ (ch -V + 4cyn —A4Tn — 4vn + 8vfn — 47/2) + ég(l - [1)(1/2(1 —u) - 8T}1/4)+
+2uhy (618 (ey +v(1 = (1= &)) +4n(1 - &) (2= 260 - w - & (2 - &0 - w)))
16&,(1 — M)(l - ‘fz)(l -6+ #52)

OCx _
;=" =

21
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(H((1 = ey + 21 = cp + &, = 2T&) +2T) =v( = (1 + 4= & + &)’
(=w(1-&+p&)
20,05(1-&) -2 -p)  HT-(-p(v—n-E&h,+TE&—cy))Q 1
A-w-6)P(1-&+ue)  &l-w(-&)(1-&+u)
500 = L +16(hu_v(1—ﬂ)_hu§1+T§2)((l_”)(2/3"—"—2’%—01\4—'7+51hu—52T)_T)
3 &(1-p)
T 160 -8 - g s - g, (1-8)) - 80
65(1-8)(1-&6+us)’
4T == w(v—n—&h, +T& = cy))Q
| aU-w(1-&)(1-&+us) ]
(22)
Proof of Corollary 2

i. The impact of §

It is easy to find that # has no impact on online and offline prices as well as the
wholesale price. However, the derivation of channel demand with respect to f is
given as follows.

dDOc-0x v dDOC*O* v . 0C—-0
2 ==>0.— = —— < 0. Note that # has no impact on DY“~“* and
dp & dp 2 §
OC—Sx
Dy .

ii. The impact of v

1 w0 1 A G-mw(1-&)+2us
dv 2 ’ dv 2 ’ dv 4(1 =& + p&,)
Dy 1=p AT _4-360-m - 4Bl -6+ ub)
av &2 dv 45 (1= & +ug)
When f < f, = 2220710 hen dDYe0 A6 (-m-4p(1-btuts) o
U™ a(i-g+usy) dv 45 (1-&+us) ’
5 _ 4-35(1-p) by
f>p = trit)’ then —— < 0.
dopT  lew g VT lvp—Gpb
v 4(1-& + ) dv 41 -&+ pg,)

iii. The impact of &,
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d OC . .
_Z;, = —% <0. Note that, h, has no impact on the wholesale price.
dpl< HE

dh, " 4(1-Erus)
dDPe =& o dpT _A(1-6)(1-6 + k) -6 (4-360 -0+ 260 - p)

dh, & " dn, 45(1-&)(1 - & + u&,)

[v(l —M)(3—3§2—Il+2M§2)+2Tﬂ—M( 1 —y)(L»R+2w—2n—a—cM—h0§l +2T§2)] then deC‘O*

if
4(1_M)(1—§2+Mfz) dh

0

_ 4(1—52)(1_§2+M52)_51(4_352(2—#)+2§§(]—H)) . dD,(,)C_U* .
= (-5 (EtrE) > 0; ™ < 0 otherwise.
dpo-0r & (1-&1-w)+& (1-&)(1-p) apocs g
P s (s e A
iv. The impact of T
dpgc* _ 1-& +ué, > 0. dwOC¢* _ " > 0. dP?C* _ /4(1 =501 —y)) =0
dr 2(1-p) ar - 2(1-p) dT 21— (1= & + pé&,)
dDOC—O* dDbOC—D* 1 dDOC—O* 1
ar =1>0. aT :—§<0. T :§>O
apfes (=401 - p) <o
dr 21 - (1 =& + )
v. The impact of ¢y,
dPOC* dPOC*
e ==> O r — H > 0
dcy 2 dey, 4(1 -&+ ﬂgz)
dpy%* Q= w(1-&) +ué
dey 4(1-&)(1-& +u&,)
dD?%*  1-&(1 -+ (1-&)1 - p)
dey 4(1_52)(1_52"'/452)
dDOC—S*
; =- = <0
dey 4(1 —§2+M§2)

vi. The impact of cg
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OCx d OCx
W K > 0. P ad <0
deg 2(1 =&+ ug,) deg 4(1 =& + u&,)
OC-0x* -0
dD, __ u <0 dDSOCO _ U >0
deg 4(1 _52)(1 —”:'2"‘/452) deg 4(1 _fz)(l _§2+H§2)
dDOC—S*
s _ U >0
deg 418+ pg,)
vii. The impact of 5
dp9¢* 1 dwO¢* u dp9¢* u
P _ 1y, =— <0.—4—=—=Fr_—_>0.
dn 2 dn 2(1-&+us) dn 2(1-&+ps)
dD}(J)C—O* l_ll dDQC—O* 1_” dDQC—S* u
=- 0.— = >0 — =- 0
dn Werhids) dn 2(1-&+us,) dn 2 —tril)
viii. The impact of &;
d OCx —Eh d OCs h
pe - 61 0 <0. pr - Hi, >0
dé, 2 g 41— +pug,)
dDo¢=% p -0 dDye% b, (1= &1 =+ (1-§)(3 =251 - w)) <0
dg, 2 . dé, 452(1 —fz)(l —‘52"'”52)
DY _h(1-(-wo+(-w(=-6) 4y ph, 0
= . = - <
dé 4(1—52)(1—52"‘#52) &, 4(1—52'*'/452)
Proof of Corollary 3
i. Comparison of the online market
poc-0s _ppc-os _ 2T = =B=(1=¢)hy (@=wh= 1y == wh,+2T
¢ ¢ & 4
25T =401 = Py = &2 = — Dy + &2 — wh, —4(1 = & ),
44,
When ¢ > g, = #u20TH0-prs@pp 50wy then  DOC-0% — DPC-0+ 5
— 0 0

4h,,

D{?C—O* - ch‘o* < 0 otherwise.

ii. The total online market
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(D(())C—O* +Db0C—0*) _ Df))C—O*
v(1=&) (4 =350 — ) —4p(1 = & + ué,))
+hy(4(1= &) (1= & + u&,) — & (4 =352 — ) +28(1 - w)))
~5(2(1=&) (0 = W) + ey +T(1 =& + p&)) + pcg = ney (1= 24,))
45(1-&)(1-& +us)
ET—-pyv—(1-&)h, (2-wph-1w—Q~—wh,+2T
+ _
& 4
v(1-8)(4-350 - ) —4(1-&)(1 =&+ u&) (v—-&T)
~5(2(1=&) (n(1 = + ey + T(1 =& + u&) ) + peg = pey (1 - 28,))
—&(1-8&)(1-& +u&) (2= W — v — 2 = wh, +2T)
—h 5152( (1_52)(1_ )"'/‘)
465(1- &) (1 =& + ué,)
l 1-5)(4-350-w) —4(1-&)(1 - & + u&) (v=&T)
) -

_‘fz 1 N 62 n(l M eyt T(l &+ llfz)) + pcg — llCM(l - 2‘:2))

~6(1-&)(1-&+#6) (@ = wp - =2 - ph, +2T) then
o8 (2(1-8)(A=p)+p)

DDc 0% 5 0 (D(?C—O* + D}?C‘O*) _ ch_o* < 0 otherwise.

When & < §

(DOC O +DOC Ox

iii. The offline market associated with omnichannel consumers
pOC-0% _ ppC-0x
ucg + 82 —p) + (1 - /4)(2’7 —v+vé — 256, - 2hg§1€2)
F2T(1=&) (1 = & + p&) + ¢y (2= 1 = 28, +2u¢,)
4(1 - 52)(1 -6+ Mfz)
a A+ pu -2+ Q2 —wh, +2T
4
[ucR +hE (1= &0 =@+ (1=&)A = ) + (1 = (20— v +v&, — 2n8)) }

oy (2- 1 =26 +2u8) = (1-&) (1 =& + u&) (1 + pu =2 + (2 — wh,)
4(1 - 52)(1 -6+ M":z)
(1=&) (1= &+ u&) (L + pu—2p)v + Q2 — wh,) — pcg—

When z ’(1 — W) (21 = v+vE = 2n&) — ey (2= u =26 + 2, ]then
§1>613 = hy(1=& (- +(1-8) (1))

DOC=0% _ pPC=0% 5 (9; pOC=0% _ pPC=0x < () otherwise.

iv. The offline market associated with offline consumers
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Dg)C—S* _ DSDC—S*

(1 = (1 + 1= & + u&) — u(2T +2n = 2np+ (1 = ) (e + & h, — cg = 2T,) )]
40 - (1 - & + p&y)
(1= w)((1 + puyv — uh,) = 2Tu
- 41— p)
[v(l (L +u =&+ &) = (1= &+ p&) (1= (A + ppyv — uh,) = 2Tu) |
—p(2T + 21 = 2np + (1 = w)(cy + &b, — ¢ — 2TE,))
A0 = (1= & + pé,)

v(l =)L+ u =&+ ué&y) — u(2n —2nu + (1 — w)(cy _CR))_-

When ¢ <§ _, = 2 2+ 453)( :({l—u)h,,ﬂ )

DOC=5 — pPC=5+ > (; pOC=5* — pPC=5* < ( otherwise.

,then

Proof of Corollary 4

i. The online price

oce _ pee _ Lo tntey—&h) +T(1-&+us) A -y — (1= wh, =T

Since "¢ ¢ 2(1-mw 2(1 = )
A= =pvtn+ey+ (1=&)h,) +T(2=& +u&,) oo
- 2(1—p)

,apparently, we have pO* > pP¢,

ii. The offline price

v=un)(3=3& — u(1-38)) +2uT
+u(l - ﬂ)(z’l —cgtoythg - 2T§2) @3- ﬁy)v+/4((l — Wh, + 2T)
41— (1= &+ pé&y) - 41— p)
B =P (1= &+ p&) + u(l = ) (=v+ 20 = cp ey +hoé = h, (1 =& + uy))
N 40— (1= & + p&,)

OC# DCx _
r —p, -

P

Then we focus on the parameters 7, ¢, and ¢y to analyze the magnitude of the
offline price.
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When n>i= v(3—ﬁ)(1—5z+u€z)+(I—M)(v+cR—p,w—h‘,€1+h,,(l—§2+/4§2))’then prOC* _prDC* > 0;

2(1—p)
poc* — pPC* < 0 otherwise.
o U=p(2n—cpmvih, (6= 145 =18) )=vG=p(1=E+uE) 0Cx _ ,DCx .
When ¢, >¢, = R ! lju %) then  pl p.or >0
poc* — pPC* < 0 otherwise.
L x A= @rtey=vth, (6146 -15))—vCB=H)(1=&+né) OC# _ ,DCx .
When ¢, <, = - ,then P; pt > 0;
pl¢* — pPC < 0 otherwise.

iii. The wholesale price w
Loce _ pee _ 07 v+ uD) (1 =& + ué&) + u(cg —n) (1 — p)
200 = w)(1 =& + &)
_(1—;4)v+T,u_ M(CR_”I)(l—M)
20=p) 21 -p(1-& +ug)

Apparently, when 5 < cg, then wOC* — wPC* > 0; WO — WP < ( otherwise.

Proof of Proposition 4 Based on the standard backward induction, we first derive the

optimal offline price. By taking the second-order derivative of HgC'E with respect to
2170C-E

OC-E W _ _22260-p ; OC-E ;
p, """, we have that P < 0. Obviously, I1,="" is clearly a con-

cave maximization. The first-order optimal condition is.

w(l =&+ pé) +u(a—cg—w+n+&h,+p ")+
aHgC—E ~ v(l — y)(1 — 52) _ 2pr0C—E(1 _e+ /452) 23
opPet - 1-¢, .

Solving this equation yields an optimal price reaction of the retailer

<w—w¢2<1 W+l = (1) )
OC-E _

+u(PP“F+a+n+hé —cp—w)

' 2-26=p

(24)

Substituting E.q.(A.18) into the manufacturer’s optimization decision problem
and deriving the second-order partial derivatives of TT?“~* with respect to p?©=-
and w2~ we have the Hessian matrix

1(2(1-&)-u(1-25,)) M

_ A = 2u(l — p)
HOCE _ € éz)(j ) B _152%_”) = o >0 (25)
1-¢, 1-§,
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02H3C_E _ _M(Z(l—ffz)_”(]_z'fz))
opOC-E2 (1-&)(1-&,+u&,)

FITE 12500 _

OwOC—-E2 1-¢& and

Since <0,

|HOC| > 0, then TI?~* is strictly jointly concave in p2“~% and wPC~£. By employ-
ing the first-order conditions, we can get

V42T +2w —2w +au+2n — pcg —vpu — (2 — p)éh,
—(AT -2Tpu+v—-2w—2w — uv +2n = 2wu + 2wy — 2nu)é,

U
+2h,6 61— )+ 2TE 1 = 1) + ¢y (2= 1 = 261 = )
L N A e e 0))
opoE 2(1-6)(1-& +u&,) ’
(26)
/,t[a +cy —Cr— ZpeOC_E_I 2w +2n— h()f]]

GHZ?,,C_E +2W<1 —52"‘#52) _V(l —M—fz"‘ﬂfz) 27
aWOC—E - 2(1 _ 52)

Solving these two equations yield jointly optimal solutions
vepe _ A=m(ey+v=—m+n=&h,) +T(1 =&+ pu&)| %)

‘ 2(1-m) ’

yoc-is _ VA=W =&+ us) +ul(cet® —n—a-&T)( - +7]
21— w)(1 =& + u&y)

(29)

Substituting Eqs. (28) and (29) into p@¢~E,DOC-0-E, DZ?C‘O‘E, DOC-0-E,

DOCS-E TIOCE TI9°E, and CSP“F, we can get the optimal solution of the supply
chain system in Table 8.

Appendix B

We examine the impact of main parameters on the optimal solutions, including the
normal parameters S, v, h,, T, and u; the BOPS contract related parameters c,,, cg, 7,
and &;; and additional purchases a.

i. The impact of
dDOC—O—E* dDOC—O—E*
0 b

dp & dp ag, =

ii. The impact of v
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dpoC-F 1o, dwoCE | o dp9cEtx _ B-w(l-&)+us > 0.
dv 2 dv 2 dv 4(1—52"'/452)
Dot 1-p AP (1-4) [5(1 =& +u&) + &0 - w)
v & ' dv 45 (1= &) (1= & + u&)
dDSOC—O—E* _ 1= u o dDSOC—S—E* _ | =& + s + i
dv 4(1- &+ u&) dv 4(1- &+ uéy)

iii. The impact of &,

dpf,)C*E* _ _5_1 <0 dp:)CfE* _ ﬂf] -0
dh, 2 7 dh, 4(1 =& + p&,)

dpgeot  1-g AP [(5(1-6)(1-8) —268) (1 -G+ us) + b

dh, & dh, 452(1 - 52)(1 =& +M§z)

dpf 0t &l-w(-&)+(1-&+ue)] - 0T pg <0
dh, 41-8)(1-&+ps) . dh, 41 =& +u8) .

0.

iv. The impact of T

dP?C_E* (1 &+ #52) 0 dw0C -t '“[1 =& - ”)]

ar -~ 2(1-p) CdT 20— (1 =& + pE)
dpOCF+ ull = &1 - )

ar 201 - (1 =&+ ué,)
dD(?C_O_E* dDOC—O—E* 1

0 =1>0. 2 =—-<0. =
dT dT 2 dT

dDOC—S—E*
s

dD?C_O_E* B 1 >0
= > .

U
__ 0
T TR

v. The Impact of ¢y,

OC-E: OC—-Ex*

dey 2 ey 4(1- &+ ué,)

dope ot (-G +pg) +(U-w(1-&)] <0
dey 4(1_52)(1_52"'/452)

D00 (- p(1-&) + (1= & +pb)

deyy 41-8)(1-&+n&)

>0

> 0.

vi. The impact of ¢y
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Table 10 The impact of main
parameters on optimal solutions

Normal parameters BOPS contract related Additional
parameters purchase

p v h T cM c¢R g &l a

pOCE NA 1 | T 1 NA t | NA
woC-Ex N/A t NA T NA T | NA|
pre® NATTYT O T T L1
poc-0-E+ ¢ | | 1 N/A NA NA T NA
DOc-0-£+ | Tt 1l NA | L 1
DOC-0-Ex N/A | 1 T 1 NA t t |
DOCSE+ N/A t | | NA Tt | | ]
dwOC—Ex _ U dprOC—E* _ 4 <0
dcg 2(1—§2+,u§2) deg 4(1 —52"‘/452)
dpOC-t+ _ u <0 dDOC—5~E+ _ U 50
dcg 4(1 =&+ &) deg 4(1 =& + )
vii. The impact of 5
dpOC—Ex OC—Ex
Pe ==>0 dw == a <0
dn 2 dn 2(1 =&+ u&,)
d OC—-Ex
Pr = H >0
dn 2(1 =& + uéy)
dDI?C_O_E* _ 2(1 _ /4) <0
dn 4(1 =& + ué,)
dDSOC_O_E* _ 1— U -0
dn 2(1 —524‘#52)
dDQC—S—E*
5 = K <0
dn 2(1—524‘/452)

viii. The impact of &;
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T ph,
- =2 <0. = >0
dé, 2 dé, 4(1 =&+ u&,)
dDOC—O_E* h
2 =250
dé, &
oyt (5 -da)(1- g+ b)) +hbib(-w(-&)]
dé, 46 (1= &) (1= & + p&y)
dDO O [(1=p)(1 = &) + (1 =& + pé))]
dé, 4(1-&)(1 =&+ us,)
xi The impact of a
_Ex d OC—-Ex*
ot a <0 I = = >0
da 2(1 - & + uéy) da 41 =&+ ugy)
da 4(1—52)<1_§2+/4§2)
dDOC—O—E*
s =— K <0
da 4(1-&)(1 =& + u&)
dDOC—S—E*
5 =— K <0.
da A1-&+us)

Based on the above analysis, we summarize the impact of main parameters on
optimal solutions in Table 10.

Funding This work was supported by the National Social Science Foundation of China under Grant
[18BGLO60]; the Humanities and Social Sciences Youth Foundation, Ministry of Education under
Grant [22YJC630209]; the Social Science Foundation of Jiangsu Province under Grant [22GLCO010];
the University Philosophy and Social Science Foundation of Jiangsu under Grant [2022SJYB1434]; the
Humanities and Social Sciences Research Team of Soochow University under Grant [22XM?2005].

Declarations

Conflict of Interest All authors declare that they have no conflict of interest.

References

1. Akturk, M. S., Ketzenberg, M., & Heim, G. R. (2018). Assessing impacts of introducing ship-to-
store service on sales and returns in omnichannel retailing: A data analytics study. Journal of opera-
tions management, 61(7), 15-45.

@ Springer



Buy online and pickup in-store: Co-opetition strategy of...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Bayram, A., & Cesaret, B. (2020). Order fulfillment policies for ship-from-store implementation in
omni-channel retailing. European Journal of Operational Research. https://doi.org/10.1016/j.¢ejor.
2020.01.011

Bian, J., Zhao, X., & Liu, Y. (2020). Single vs cross distribution channels with manufacturers’
dynamic tacit collusion. International Journal of Production Economics, 220, 107456.

Boden, J., Maier, E., & Dost, F. (2020). The effect of electronic shelf labels on store revenue. International
Journal of Electronic Commerce, 24(4), 527-550.

Cao,J., So, K. C., & Yin, S. (2016). Impact of an “online-to-store” channel on demand allocation, pricing
and profitability. European Journal of Operational Research, 248(1), 234-245.

Cao, L., & Li, L. (2015). The impact of cross-channel integration on retailers’ sales growth. Journal of
Retailing, 91(2), 198-216.

Chen, Z., Fang, L., & Su, S. (2021). The value of offline channel subsidy in bricks and clicks: An 020 sup-
ply chain coordination perspective. Electronic Commerce Research, 21(2), 599-643.

Chen, J., Zhang, H., & Sun, Y. (2012). Implementing coordination contracts in a manufacturer stackelberg
dual-channel supply chain. Omega, 40(5), 571-583.

Chen, Z., & Peng, J. (2021). Should the assembly system with direct omnichannel introduce integrated
management service? a game-theoretical modelling study. Electronic Commerce Research. https://doi.
org/10.1007/s10660-020-09450-z

Choi, T. M., & Guo, S. (2020). Is a ‘free lunch’ a good lunch? The performance of zero wholesale
price-based supply-chain contracts. European Journal of Operational Research, 285(1), 237-246.

Gao, F., & Su, X. (2017). Omnichannel retail operations with buy-online-and-pick-up-in-store. Man-
agement Science, 63(8), 2478-2492.

Gao, F., & Su, X. (2017). Online and offline information for omnichannel retailing. Manufacturing &
Service Operations Management, 19(1), 84-98.

Guan, X., Liu, B., Chen, Y. J., & Wang, H. (2020). Inducing supply chain transparency through supplier
encroachment. Production and Operations Management, 29(3), 725-749.

He, P, He, Y., & Xu, H. (2020). Buy-online-and-deliver-from-store strategy for a dual-channel supply
chain considering retailer’s location advantage. Transportation Research Part E: Logistics and Trans-
portation Review, 144, 102127.

Huang, H. F.,, He, Y., & Chen, J. (2020). Cross-market selling channel strategies in an international
luxury brand’s supply chain with gray markets. Transportation Research Part E: Logistics and Trans-
portation Review, 144, 102157.

Huang, S., Guan, X., & Chen, Y. J. (2018). Retailer information sharing with supplier encroachment.
Production and Operations Management, 27(6), 1133—1147.

Ishfaq, R., & Raja, U. (2018). Evaluation of order fulfillment options in retail supply chains. Decision
Sciences, 49(3), 487-521.

Jin, D., Caliskan-Demirag, O., Chen, F., & Huang, M. (2019). Omnichannel retailers’ return policy
strategies in the presence of competition. International Journal of Production Economics. https://doi.
org/10.1016/j.ijpe.2019.107595

Jin, M., Li, G., & Cheng, T. C. E. (2018). Buy online and pick up in-store: Design of the service area.
European Journal of Operational Research, 268(2), 613-623.

Kong, R., Luo, L., Chen, L., & Keblis, M. F. (2020). The effects of bops implementation under different
pricing strategies in omnichannel retailing. Transportation Research Part E Logistics and Transporta-
tion Review, 141, 102014.

Li, G., Zheng, H., & Liu, M. (2020). Reselling or drop shipping: Strategic analysis of e-commerce dual-
channel structures. Electronic Commerce Research, 20(8), 475-508.

Li, M., Zhang, X., & Dan, B. (2020). Cooperative advertising and pricing in an O20 supply chain
with buy-online-and-pick-up-in-store. International Transactions in Operational Research, 28(4),
2033-2054.

Li, W., & Chen, J. (2018). Backward integration strategy in a retailer Stackelberg supply chain. Omega,
75, 118-130.

Li, X., Li, Y., Cai, X., & Shan, J. (2016). Service channel choice for supply chain: Who is better off by
undertaking the service? Production & Operations Management, 25(3), 516-534.

Li, Z. H., Yang, W. S., Liu, X. H., & Si, Y. Y. (2020). Coupon promotion and its two-stage price inter-
vention on dual-channel supply chain. Computers & Industrial Engineering, 145(12), 106543.

@ Springer


https://doi.org/10.1016/j.ejor.2020.01.011
https://doi.org/10.1016/j.ejor.2020.01.011
https://doi.org/10.1007/s10660-020-09450-z
https://doi.org/10.1007/s10660-020-09450-z
https://doi.org/10.1016/j.ijpe.2019.107595
https://doi.org/10.1016/j.ijpe.2019.107595

Z.lietal.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Li, Z. H,, Yang, W. S,, Jin, H. S., & Wang, D. (2021). Omnichannel retailing operations with cou-
pon promotions. Journal of Retailing and Consumer Services. https://doi.org/10.1016/j.jretconser.2020.
102324

Lin, X., Zhou, Y. W., & Hou, R. (2020). Impact of a “Buy-online-and-pickup-in-store” Channel on
Price and Quality Decisions in a Supply Chain. European Journal of Operational Research. https://doi.
org/10.1016/j.ejor.2020.03.064

Lou, Y., Feng, L., He, S., He, Z., & Zhao, X. (2020). Logistics service outsourcing choices in a retailer-
led supply chain. Transportation Research Part E: Logistics and Transportation Review. https://doi.org/
10.1016/j.tre.2020.101944

Mandal, P., Basu, P, & Saha, K. (2020). Forays into omnichannel: An online retailer’s strategies for
managing product returns. European Journal of Operational Research. https://doi.org/10.1016/j.ejor.
2020.10.042

Matsui, K. (2017). When should a manufacturer set its direct price and wholesale price in dual-channel
supply chains? European Journal of Operational Research, 258(2), 501-511.

Modak, N., & Kelle, P. (2019). Managing a dual-channel supply chain under price and delivery-time
dependent stochastic demand. European Journal of Operational Research, 272(1), 147-161.

Nie, Z., & L., Yan, H., & Yang, W. (2019). Retailers’ distribution channel strategies with cross-channel
effect in a competitive market. International Journal of Production Economics, 213(7), 32-45.

Niu, B., Cui, Q., & Jie, Z. (2017). Impact of channel power and fairness concern on suppliers market
entry decision. Journal of the Operational Research Society, 68, 1-12.

Niu, B., Mu, Z., & Li, B. (2019). O20 results in traffic congestion reduction and sustainability improve-
ment: Analysis of “online-to-store” channel and uniform pricing strategy. Transportation Research Part
E: Logistics and Transportation Review, 122(2), 481-505.

Pun, H., Chen, J., & Li, W. (2020). Channel Strategy for Manufacturers in the Presence of Service Fre-
eriders. European Journal of Operational Research., 287, 460—479.

Radhi, M., & Zhang, G. Q. (2019). Optimal cross-channel return policy in dual-channel retailing sys-
tems. International Journal of Production Economics, 210, 184-198.

Saha, K., & Bhattacharya, S. (2021). ‘Buy online and pick up in-store’: Implications for the store inven-
tory. European Journal of Operational Research. https://doi.org/10.1016/j.€jor.2020.10.006

Shi, X. T., Dong, C. W., & Cheng, T. C. E. (2018). Does the buy-online-and-pick-up-in-store strategy
with pre-orders benefit a retailer with the consideration of returns. International Journal of Production
Economics, 206, 134-145.

Tao, Z. Y., Gou, Q. L., & Zhang, J. Z. (2018). A local seller’s app channel strategy concerning delivery.
International Journal of Production Research. https://doi.org/10.1080/00207543.2018.1535725

UPS, 2015. UPS Online Shopping Study: Empowered Consumers Changing the Future of Retail. Press
Release, June 3, United Parcel Service of America, Atlanta.

Wu, J. H., Zhao, C. C., Yan, X. H., & Wang, L. F. (2020). An integrated randomized pricing strategy for
omni-channel retailing. International Journal of Electronic Commerce, 24(3), 391-418.

Yan, R., Zhi, P., & Sanjoy, G. (2018). Reward points, profit sharing, and valuable coordination mecha-
nism in the 020 era. International Journal of Production Economics, 215, 34-47.

Yoon, D. H. (2016). Supplier encroachment and investment spillovers. Production and Operations
Management, 25(11), 1839-1854.

Zhang, C., Liu, Y., & Han, G. H. (2021). Two-stage pricing strategies of a dual-channel supply chain
considering public green preference. Computers & Industrial Engineering, 151, 106988.

Zhang, J. Z., Xu, Q. Y., & He, Y. (2018). Omnichannel retail operations with consumer returns and
order cancellation. Transportation Research Part E: Logistics and Transportation Review, 118,
308-324.

Zhang, P, He, Y., & Shi, C. V. (2017). Retailer’s channel structure choice: Online channel, offline chan-
nel, or dual channels? International Journal of Production Economics, 191, 37-50.

Zhang, P.,, He, Y., & Zhao, X. (2019). “preorder-online, pickup-in-store” strategy for a dual-channel
retailer. Transportation Research Part E: Logistics and Transportation Review, 122, 27-47.

Zhang, S., Zhang, J., & Zhu, G. (2019). Retail service investing: An anti-encroachment strategy in a
retailer-led supply chain. Omega, 84, 212-231.

Zhao, J. (2020). Will the community 020 service supply channel benefit the elderly healthcare service
supply chain? Electronic Commerce Research. https://doi.org/10.1007/s10660-020-09425-0

Zhao, X., Hu, S., & Meng, X. (2020). Who should pay for return freight in the online retailing? retailers
or consumers. Electronic Commerce Research, 20, 427-452.

@ Springer


https://doi.org/10.1016/j.jretconser.2020.102324
https://doi.org/10.1016/j.jretconser.2020.102324
https://doi.org/10.1016/j.ejor.2020.03.064
https://doi.org/10.1016/j.ejor.2020.03.064
https://doi.org/10.1016/j.tre.2020.101944
https://doi.org/10.1016/j.tre.2020.101944
https://doi.org/10.1016/j.ejor.2020.10.042
https://doi.org/10.1016/j.ejor.2020.10.042
https://doi.org/10.1016/j.ejor.2020.10.006
https://doi.org/10.1080/00207543.2018.1535725
https://doi.org/10.1007/s10660-020-09425-0

Buy online and pickup in-store: Co-opetition strategy of...

51. Zhou, J., Zhao, R., & Wang, W. (2019). Pricing decision of a manufacturer in a dual-channel supply
chain with asymmetric information. European Journal of Operational Research, 278(3), 809—820.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer



	Buy online and pickup in-store: Co-opetition strategy of omnichannel supply chain players
	Abstract
	1 Introduction
	2 Literature review
	3 Problem statement and model assumption
	3.1 Omnichannel supply chain
	3.2 Consumers
	3.3 Event sequence and notations

	4 The benchmark in the absence of the BOPS contract
	4.1 Model setup
	4.2 Equilibrium analysis

	5 Omnichannel supply chain in the presence of the BOPS contract
	5.1 Model setup
	5.2 Equilibrium analysis

	6 Model comparison
	7 Numerical analysis
	7.1 Impact of μ on the profit of the manufacturer in the benchmark
	7.2 Impact of key parameters on equilibrium solutions in the presence of the BOPS contract
	7.3 Comparison of Strategy DC and Strategy OC

	8 Extensions
	9 Conclusion
	Appendix A
	Appendix B
	References


