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Abstract

Many firms have recently implemented the buy-online-and-pick-up-in-store (BOPS)
strategy on store operations. This paper examines the impact of power structures
on the decision of pricing and service level in an omnichannel supply chain with
BOPS option. We investigate a two-stage omnichannel supply chain that consists
of an online manufacturer and an offline retailer. The manufacturer produces prod-
ucts and adopts an online channel while the retailer sells products on both the tra-
ditional and the BOPS channels. Based on game theory analysis, the optimal retail
prices in different distribution channels and the retailer’s optimal service quality
in an omnichannel supply chain are derived under different power structures. Our
results show that the more powerful retailer enjoys a higher profit while the dom-
inant manufacturer may not benefit from its first-move advantage. No dominance
among omnichannel supply chain members lead to the highest service level. Our
analysis generates managerial insights into the interaction between firms and pro-
vides a guide for implementing the BOPS strategy in omnichannel retailing.
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1 Introduction

With the rapid development of technology and the growing e-commerce market,
omnichannel operations are becoming increasingly popular in the retail industry.
The aim of omnichannel operations is to coordinate fragmented service processes
and integrate various channels to provide consumers with an interactive and consist-
ent shopping experience. For instance, Tmall.com, one of the largest O20 (online-
to-offline) platforms in China, has embraced its new brick-and-mortar shop, Fresh-
hema, which facilitates the integration of online platforms and offline shops.! Both
academic researchers and business managers have identified omnichannel retailing
as an emerging trend in supply chain management [13].

One of the growing omnichannel retailing fields is the BOPS (buy-online-and-
pick-up-in-store) initiative, which blends both the online and offline channels by
allowing consumers to place sales online and collect goods in the pointed physi-
cal store. For traditional retailers, BOPS channel provides them an opportunity to
cross-sell products, which creates store traffic and increases additional revenue [2].
For online manufacturers, BOPS channel enables them to increase order volume and
raise brand awareness. With BOPS channel, consumers experience instant gratifica-
tion and enjoy increased shopping convenience [21]. According to [31] and [26],
BOPS is widely deployed by retailers such as Walmart, Uniqlo, Suning Appliance,
Target and many more. The emerging trend of the development and adoption of
BOPS channel requires consumers to be collect products physically to receive value-
added services [10]. For example, the physical store allows consumers to return
products immediately and provides them with extensive shelf display and shopping
assistance. Empirical researches have also acknowledged that store service is a sig-
nificant part in optimizing channel profitability [23, 34]. In our study, we assume the
value-added service can be provided by the physical retailer for both the offline and
the BOPS channels such as the retail showrooms and the personalized explanation
of product features. These service offerings allow the supply chain members to be
competitive in a growing market.

Furthermore, from the omnichannel supply chain management perspective, chan-
nel structure is regarded as one player exerting power on another to either squeeze
a fair share of the total revenue or seek compliance to some competitive business
practices [3]. For instance, Wal-Mart and Carrefour offer multiple discounts to those
picking up orders in stores, including gift cards and dedicated pickup towers. They
play a leading role with greater power than upstream online manufacturers. How-
ever, in some electronics omnichannel operations, Microsoft and Intel play a lead-
ing role in a relatively strong dominant position than their downstream offline play-
ers [20]. In other examples, supply chain players could in a balanced market power,
where they are participated in vertical Nash competition [32].

Therefore, we propose three classic power structures that are based on the
omnichannel supply chain: Manufacturer-Stackelberg (MS), Vertical Nash (VN)

! https://www.freshhema.com/.
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and Retailer Stackelberg (RS). With the above formulation, we pursue the following
research questions: (1) How to develop pricing policies in an omnichannel context
to optimize the players’ profits? (2) How to set a desired service quality to stimu-
late the omnichannel demand? (3) Given the different power structures, what are the
players’ optimal strategies?

To answer these questions, we investigate a two-stage omnichannel supply chain
including an online manufacturer and an offline retailer. The manufacturer sells
directly to end-consumers through the online platform while the retailer distributes
products on both the traditional and the BOPS channels to improve sales perfor-
mance. This basic two-stage omnichannel model is applicable in the retailing indus-
try in reality, and also it is easy to understand by readers. From game theoretical
perspectives, we consider the interactions between the supply chain players and ana-
lyze the optimal retail prices, service quality, and profits under different dominance
regimes. This work makes some contributions. Although power structure problems
were extensively discussed in the operations management area, there are very lim-
ited papers that combine the retail service and the omnichannel supply chain with
considering power schemes. First, we extend the results of previous research by
addressing value-added physical store service quality decisions in omnichannel sup-
ply chains. Another contribution is our systematic consideration of optimizing pric-
ing and service quality decisions to improve the performance of individual members
and the total omnichannel with different power structures.

The rest of the paper is organized as follows. Section 2 presents the literature
review. In Sect. 3, we describe the omnichannel supply chain setting, the demand
specification, and the different dominance structures. In Sect. 4, the pricing poli-
cies and service quality strategies in an omnichannel supply chain and the effect
of power regimes are explored separately. In Sect. 5, some numerical examples are
proposed to demonstrate the validity of different models. Section 6 summarizes the
findings and shows future research directions.

2 Literature review

Our paper spans two streams of literature: omnichannel supply chain management
and effect of power structures on strategies and profits. We provide a summary of
the work in each stream and identify the research gap presented in each stream.
With the continuous development of business and e-commerce, omnichannel
retailing presents the blowout development trend [30]. Our work is highly related to
the following research on omnichannel operation issues. For example, [1] propose
a framework for managing and measuring the distribution demand to improve the
performance of the omnichannel retailing and introduced metrics for channel effi-
ciency. [9] investigate the impact of different information mechanisms, i.e., infor-
mation availability and physical/virtual showrooms on the behavior of omnichannel
supply chain and consumers’ performance. [30] perform a framework on omnichan-
nel retailing with returns and cancellation, and identify the market conditions that
bring benefits to the retailer. Based on the concept of “partitions” to the store inven-
tory, [11] explore two price optimization policies in the presence of cross-channel
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fulfillment in demand and supply. We complement these studies by considering
the impact of power structures on the service quality and equilibrium prices in an
omnichannel supply chain.

Among all omnichannel operations, BOPS is the most important method. [7]
first study the effect of deploying a BOPS method on both the traditional and online
channels. They proposed that instead of increasing online sales, the BOPS project
is correlated with a decline in platform sales and an increase in physical store traf-
fic and revenue. Previous studies on BOPS fulfillment can be separated into two
streams. The first focus on front-end operations, including the determination of the
size of a BOPS service area [15], the Best Performance Frontiers (BPFs) and multi-
wave pickup operations for same day BOPS initiative [21] and the identification
of whether the BOPS service is always beneficial for enhancing the dual-channel
retail’s profits [31]. The second focus on the back-end fulfillment for offering BOPS
services, including the pre-orders and consumer returns with BOPS initiative [27],
the best replenishment orders to satisfy both online and offline demands [29], and
the specification of the optimal set of displays to be converted for platform opera-
tions [22]. Further, [8] focus on the effect of the BOPS service on store operations,
they consider the allocation of BOPS revenue and how to choose a suitable set of
products for BOPS channel. However, most of the above papers consider the cen-
tralization decisions under an omnichannel context. We will elaborate, throughout
the work, how our model setting differs fundamentally from theirs in both the under-
lying omnichannel mechanism and the channel structures.

The other relevant literature stream studies the effect of different power struc-
tures on channel operations [16]. [26] adopt a game-theory methodology to describe
power mechanisms with random and price-dependent demand and studied these
demand functions affect the players’ profit. [3] reveal insights on two power regimes
influencing firms’ performance in an assembly supply chain, including one assem-
bler and two suppliers. [4] discuss how power mechanisms impact the optimal pric-
ing policies and channel choice of smart phone industry between a bundled and a
free distribution channel. [5] demonstrate the influence of power regimes on the
retail service under the mix O20 context. The aforementioned paper shows that
power imbalance decreases the supply chain’s performance. [19] develop a frame-
work with different power regimes that investigate the vertical and horizontal com-
petitions between the supply chain members. [12, 33] address the channel power
system integrated with business decisions. [17] study the influence of power regimes
on the pricing policies and production in a decentralized subcontracting assembly
supply chain. From different game theoretical perspectives, [20] investigate the
impact of consumer value on product selection and pricing strategies. Specifically,
we explore how power imbalance affects the operation of decentralization and cen-
tralization supply chain with the BOPS channel.

In our analysis, we focus on the case of the retailer and the manufacturer explic-
itly announcing the BOPS channel and illustrate how the power structure influences
equilibrium. In an extension, we consider the implications of the store service qual-
ity when consumers choose the BOPS channel.
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Fig. 1 Omnichannel supply chain structure

3 Model description

To better understand the omnichannel pricing mechanism, we develop a game theo-
retical model and start our analyses with a market consisting of one online manufac-
turer, one physical retailer, and consumers heterogeneous in their product valuation
in different channels. We first describe the omnichannel structure in Subsect. 3.1 and
then introduce the demand function and explain its intuitive notion in Subsect. 3.2.
Finally, we analyze sequences of events under different possible power structures in
Subsect. 3.3.

3.1 Omnichannel structure

We consider an omnichannel system consisting of an upstream online manufacturer
(denoted with the subscript m) and a physical retailer (denoted with the subscript
r). The manufacturer charges the retailer the wholesale price w and directly sells a
single product with the online price p,. The wholesale price is reasonably assumed
to be exogenous and dependent on the long-term contract between the supply chain
members, which were ever used by many studies such as [6, 14]. The retailer orders
a certain number of products from the upstream manufacturer and resells by the
traditional channel with the offline price p;. To achieve a competitive advantage,
the manufacturer also cooperates with the retailer to implement the BOPS channel
which leads to consumers purchasing products with online price p, and collecting in
the designated physical store. Furthermore, the manufacturer chooses to cede BOPS
net revenue to increase the retailer’s willingness to cooperate. That implies once
the consumer who chooses BOPS channel, the retailer gains p, — w from a single
product.

In reality, the retailer can attract consumers by providing appropriate service
efforts such as personalized consumer experience, more shelf spaces and other
order-enhancing activities. It is reasonable to use c(s) = fs>/2 to describe the ser-
vice cost for the physical store, where f > 0 is the service cost coefficient, and s
refers to the service level. Consequently, consumers could receive service through
both the traditional and the BOPS channels. The omnichannel structure is depicted
in Fig. 1.
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Table 1 Notations used in the paper

Notation Description

D The price of offline product

D> The price of online product

s The service level of the physical store

w Wholesale price of the product

p The service cost factor

a The demand expansion coefficient of the BOPS channel
0 Cross-price sensitivity for the three channels

q, Consumers’ demand for offline channel

9 Consumers’ demand for online channel

qp Consumers’ demand for BOPS channel

c(s) The retailer’s service cost incurred by providing service level s
Ty, The manufacturer’s profit

, The retailer’s profit

. The total supply chain system’s profit

3.2 Demand specification

In the omnichannel supply chain framework, each channel’s demand increases in the
effective sales price of other channels but decreases in its practical price. Moreover,
an improve in the service quality of the physical store can increase not only the tra-
ditional channel demand but also the BOPS channel demand. Like many research-
ers (e.g.,[24, 34]), we also adopt a specific linear demand function. Therefore, the
demand for the offline channel and the online channel (g, and g,), and the demand
for the BOPS channel (g,), are assumed to be as follows:

1 0
511=2+—a{1—(171_5)+§[([)2—5)+172]}, M
_ 1 {1- +Q[(p —5)+(p, — 9]} 2
=7 P2+ 510y ) , 2
_ 1 {a—(@ —s)+g[(p —5)+p,l} 3
qb_2+a H ) 1 Palis ()

where p; —s, p,, and p, — s are the effective prices of the offline, the online and
the BOPS channel, respectively. « is the demand expansion coefficient of BOPS
strategy. The cross-price sensitivity 6 reflects the degree to which the different chan-
nels can substitute for each other. Consequently, 8 € (0, 1) signifies that the effect of
cross-price is less than the effect of ownership price [28]. The above demand func-
tions capture not only the own practice price effect but also the impact of the differ-
ence between the own effective price and the competing channel price. Table 1 lists
the notations used in this paper.
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3.3 Power structure and game sequence

In this subsection, we propose three possible power regimes in the omnichannel
context: the offline retailer as a leader, the online manufacturer as a leader and the
balanced power. With the channel structures set down, then we explicitly layout the
decision sequence of each supply chain participant. Consequently, we present the
manufacturer/retailer Stackelberg game to guarantee the omnichannel supply chain
dominated by the manufacturer/retailer. Next, we adopt a Nash game to represent
omnichannel supply chains with an equal power regime between the members.

e Retailer Stackelberg (RS) model: under this model, the retailer/manufacturer is
the Stackelberg leader/follower. In the first period, the retailer determines the
service quality and the offline price. In the second period, given the retailer’s
optimal solutions, the manufacturer announces the online price.

e Vertical Nash (VN) model: under this model, the online manufacturer and the
offline retailer have the balanced power and choose the retail prices and the ser-
vice quality simultaneously.

e Manufacturer Stackelberg (MS) model:under this model, the manufacturer moves
first as the Stackelberg leader. In anticipation of the retailer’s response, the manu-
facturer designs the online price. Then, given the manufacturer’s optimal deci-
sion, the retailer determines the offline price and the service quality.

We use superscripts to index game type and subscripts to index players throughout
this article; for instance, nfzs(.) is the manufacturer’s profit function in the retailer
Stackelberg game.

4 Model analysis

In this section, we present four models to characterize the players’ revenue and deci-
sions. First, we dene a completely centralized system. Second, we introduce three
models corresponding to dierent power structures, i.e., manufacturer Stackelberg
game, vertical Nash game and retailer Stackelberg game. Finally we proceed to cal-
culate the equilibrium decisions from our analysis in several Theorems. Proofs for
all theorems are presented in Appendix.

4.1 Centralized system (CS) model

To establish a benchmark case, we consider the centralized system where the supply
chain players both belong to one firm. Thus, the firm manager announces the retail
prices and the service quality to maximize the firm’s revenue. The profit of the cen-
tralized system is maximized as follows:
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1
max ”CCS =p1q; +P2(q, + qp) — =ps’

P1:P2sS 2
0
poll+a—=2p, +s+ =(2p; +2p, — 35)] 5
24+ a 2
0
pll=p+s+ E(sz —-9)]
+ .

24+ a

In Equation (4), the integrated firm’s revenue from the traditional channel is shown
in the first term; the second term implies the sales profits from consumers who pur-
chase from both the online and the BOPS channels, and the last term refers to the
service cost during the selling period. Solving Equation (4), we can obtain the fol-
lowing theorem.

Theorem 1 In the centralized omnichannel supply chain,

(1) the profit function ﬂfs(pl,pz,s) of the centralized firm is jointly concave in

12 -160 — 6% + 563

82-0-0)2+a)

(2) the optimal offline price plCS , the optimal online price pZCS , and the best service
level s€S in the physical store, respectively, are given as follows:

P1> P2, S under the condition f > | =

cs 2+6(Z SCS
=—+_’
Pr 00— " 2 ©)
cS _ 1+a+6’ g
> T0—0-» T A ©)

and

@)

411 — g)(z +ab) +(1 - %)(1 +a+0)]
T 2-0-0)[8C+a)f+50-6]

In centralized system, it follows from Equations (5) and (6) that the prices for
both online and offline channels have a positive relationship with the service level
the retailer offers. Intuitively, we find that the rate of change of plcs with regard to
the service quality is larger than that of pzcs. If the integrated firm improves the
service quality of the physical store, consumers will shift their demand into the
BOPS/traditional channel. In this sense, the integrated firm has a motivation to
raise retail prices. Furthermore, we conclude that apgs /oa > aplcs /oa > 0, which
indicates that the optimal retail price of the integrated firm is positively related to
the BOPS demand expansion coefficient. More specifically, the change of optimal

online price with regard to the BOPS demand expansion coefficient is larger than
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that of the offline price. Namely, the manufacturer’s online price is more sensitive
to the BOPS channel expansion coefficient.

In the following, we study a decentralized omnichannel system where the two
players individually make their decisions. Our focus is on the derivation of opti-
mal service level and the sales prices of different channels under different power
regimes.

4.2 Retailer Stackelberg (RS) model

In this scenario, the retailer moves first as the Stackelberg leader setting the tra-
ditional retail price and the service level based on the exogenous wholesale price
by maximizing performance. Taking the retailer’s best response into account, the
manufacturer settles the online price to maximize its profits. Finally, when the
consumer demand is realized, the supply chain players earn their profits.

We examine the manufacturer’s decision problem first. The manufacturer set-
tles the online price to maximize its profits:

max ™5 =w(q, + q,) + P24,
2

1 0 30 0
=2+—a[W(1 +a—(1- 5)171 + (7 — Dp, +2(1 - 5)5) (8)
0 0
+po(1—(1 - E)Pz t 5P - 0s)].

Taking the second derivative of the manufacturer’s profit function with respect to
Ppo. we obtain 0785 /op? = (6 — 2)/(2 + a) < 0, the manufacturer is concave in p,.
Solving 07:55 /0p, = 0 gives the manufacturer’s optimal reaction:

2+ 0p, — 205+ (30 — 2w
RS _ 1
b= 22-0) ' ©)

In Equation (9), the manufacturer’s online price in the RS model decreases as the
service quality of the physical store rises, which means that the higher the degree of
service quality, the lower the online price of the product. Therefore, by improving
service quality for consumers, the retailer can effectively place retail prices that ben-
efit consumers. In this sense, a higher store service quality lures consumers to shift
online purchase to the physical store. Therefore, the manufacturer could announce
a lower online price to increase sales volume. In addition, it follows from Equa-
tion (9) that the optimal online price pI;S decreases with the wholesale price when
0 € (0,2/3) and increases when 6 € (2/3, 1). Under a higher cross-price sensitivity,
the manufacturer has the motivation to drive the wholesale price up to increase sales
revenue.

As discussed above, the demands of the traditional and the BOPS channels can
be respectively formulated as:
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s 4+ (07 +20—Dp, + (4 - 40 — 015 + (36> — 20)w

! 22+ )2 -0) ’ 10)
4a—2+4+0p, +4s+ 2 -30)w
RS _
q, = 42 + a) ' (11)

It follows from Equations (10) and (11) that dg° /ds > 0¢'* /ds > 0, which means
that as the sales service level of the physical increases, both the BOPS and the tradi-
tional channel demands will rise in the RS model. High service quality of the physi-
cal store intuitively attracts more consumers to choose the BOPS/traditional channel.
Then, we derive the retailer’s optimal policy in terms of ¢&* and ¢f°. The retailer’s
profit maximization problem can be expressed as:
RS RS RS ks Bs’

max 7, = 1 —=wiq;” + (py” —w)q,” — - (12)
Therefore, in the presence of a powerful retailer, we can characterize the equilibrium
solutions in the following theorem.

Theorem 2 In a retailer Stackelberg omnichannel market,

(1) the profit szmction ﬂfs is jointly concave in p, and s when
772_89’71
>ph=—"——— wh =16 —-50> - 80 andn, = 8 — 660 — 36%;
p>p, 12+ D@ =0, where 1, and 1,

(2) the retailer’s best offline price p’fs and the best service quality s® are specified
as:

RS _ 8 + 2a0 + n,s® + (5602 — 100 + 8)w

p 9 13
! M (13

RS (4 — 40 +20)n, + (8 + 2a0)n, + 82 + 0)(0 — 1)(n, — 20)w
[42 + a)(2 — 6)p + 861n, — '

(14)

Theorem 2 reveals that under the RS game, the product’s offline price increases with
the service quality. As the retailer’s service quality improves, more consumers prefer
purchasing the product from the physical store, the retailer will raise the retail price.
Concerning the service cost, it is easy to understand the retailer’s choice. Besides, The-
orem 2 also indicates that the retailer will increase the retail price in anticipation of the
manufacturer’s wholesale price increase.
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4.3 Vertical Nash (VN) model

In the vertical Nash model, the supply chain members decide simultaneously and
the sequence of events is as follows. The retailer settles the offline price and the
service quality to maximize its revenue given the manufacturer’s online price, and
the manufacturer chooses the online price by anticipating the retailer’s best decision.
Consequently, the revenue function of the manufacturer and retailer are given by

1
N = (= Wy + (2 =W, — 555, (15)
=N =w(g, + q) + Prgy. (16)
The optimal pricing policies and the service level at Nash equilibrium ( p‘l/N , sV,
and p)") satisfy

VN VN VN VN
p, =argmaxzx, (P, ,p, ),
141

VN _ VN VN VN
s =argmaxz " (p,",8.p5),
s

and

VN _ VN VN VN
p, =argmaxz, “(p;", s, py).

P2
Theorem 3 shows that there exists a unique pure strategy Nash equilibrium for this

game.

Theorem 3 The equilibrium retail prices of the traditional and online channels in
the Nash game then satisfy

VN — 8 +20 — (0% +60)s"N + (140 — 8 — 0%)w

, 17
2 16 — 80 — 362 ("
VN_8+20+4(2—26—02)SVN+(8—149+1102)w 18
p] - 2 . ( )
16 — 80 — 36
Furthermore, at equilibrium, the optimal service quality satisfies
v 2-0)8+20)+82-0)(6>+6—2)w o

) Q2+ a)p(16 — 80 — 362) — (1 - g)(s— 140 — 507)

The several suggestions in Theorem 3 are intuitive. When the retailer improves
service quality, the manufacturer has the willingness to charge a lower online
price to capture sales in both the BOPS and the online channels. In addition,
when either player becomes dominant, the retailer’s retail price decreases with
the service level when 6 € (0, \/5 — 1). A higher cross-price sensitivity leads to a
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negative cross-effect on traditional sales, the retailer has the incentive to increase
offline sales through lower offline retail price. Still, we demonstrate that in the
VN game, the increase of the demand expansion coefficient of the BOPS channel
induces the retailer to reduce service quality.

4.4 Manufacturer Stackelberg (MS) model

In this model, the manufacturer acts as the decision leader. To stimulate the retail-
er’s incentive for the BOPS strategy cooperation, the manufacturer moves first
and offers the online price, then the retailer responds by simultaneously determin-
ing the offline price and service quality to maximize profit. We adopt backward
induction to solve the problem. The retailer’s revenue function can be formulated
as:

1
max ™ =(p; = w)gq, + (p, —w)g,, — Eﬂs2
1»

(2= wla=ps+s+ 501 +p =9 4o
- -2 20)
2+« 2
@ —-mM—-p +6p,+(1 - g)s]

2+«

+

On the right-hand side of Equation (20), the first term is the sales revenue from the
traditional channel, the second term shows the sales revenue from consumers who
choose the BOPS channel, and the last term is the service cost of the retailer. As to

the retailer’s optimal price for the offline channel ( p}]”S ) and the service quality (sM5)
in the manufacturer Stackelberg model, the following theorem is obtained.
Theorem 4 In a manufacturer Stackelberg omnichannel market,
n?
(1) the profit function ﬂf”s is jointly concave in p, and s when f > f; = 2(2—1),
0 a
wheren, =1— =;
(2) the optimal decisions of the retailer are calculated as follows:
ns + [0y + 3 = 3n)n3lp, + (3 — 2w
PMS(py) = 4 : -, Q1)
27]3 - ’14
1+(5-3 +(ny — 4w
P5(p,) = 1+ ( npy + (g —4) ]’ o)

2n; — '72

where ; = (2 + a)f.
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Theorem 4 reveals that as the value of the manufacturer’s online price increases,
the retailer may prefer to increase the offline price and improve the service level of
the physical store. Substituting the above results into the manufacturer’s profit func-
tion, the manufacturer’s decision problem can be formulated as:

max 7, =w(g, +q;) + p2d2
2
=L[w(1 +a—mnp; +2n,5+ (2 =3n)py)+ (23)

2+a

po(l =mypy + (1 = ny)p; — 2(1 = ny)s)].
In Equation (23), the first term is the sales revenue from the long-term wholesale
contract, the second term is the sales profit from the online channel. From the first-
order optimality condition, we can get that the optimal online price of the manufac-
turer is
3y — 21, — a1y + ni +2(2n; + 773112 +4n, — 4mn, — 2nf)w

2(8n314 + 10n, + 617 — 33 — 3n3m; — 17n;)

= (24)
Substituting the optimal pé”s into Equations (20)—(23), we get the equilibrium pric-
ing and service policies and corresponding profits of the two players under the MS
game.

5 Numerical study

Owing to the complexity of the equilibrium retail prices, the optimal service quality
and the maximal revenue, it is difficult to summarize analytical comparisons under
four models. Therefore, we perform a series of numerical experiments. First, we
compare the equilibrium decisions of the four models to investigate the impacts of
power structures. Second, we conduct the sensitivity analysis of parameters 0,  and
f, so that we can observe how the demand expansion coefficient of BOPS channel,
the price elasticity and service cost factor influence the players’ optimal decisions
under different dominance regimes. We conduct numerical experiments to provide
managerial implications related to the aforementioned models.

5.1 Comparisons of the results of four models

We consider a case where the manufacturer sells products through the online chan-
nel and wholesales products to a retailer, who distributes products on both the tradi-
tional and the BOPS channels. Inspired by [24], we use some data in our experiment
based on comparisons of previous studies. For instance, the studies set the service
cost factor 8 = 0.3 or § = 0.6 and g € [0.9, 1.2] to perform [18, 34]. Given these
parameters employed in above studies, we set « = 0.2 and w = 0.4. The service cost
factor is taken values of § = 0.8 and g = 1.0, respectively. Then we observe the opti-
mal decisions and revenue under four scenarios, by changing 6 in [0.75,0.95] with
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Table 2 The optimal decisions and profits in different models (f = 0.8)

Case 0 )2 )23 s T z, .

CS model 0.75 1.6989 1.4858 0.2705 - - 0.8159
0.85 2.6678 2.4625 0.2595 - - 1.3015
0.95 7.5484 7.3505 0.2494 - - 3.7429

RS model 0.75 1.3856 1.1452 0.1841 0.4752 0.2903 0.7655
0.85 1.7485 1.4249 0.2523 0.6188 0.4723 1.0911
0.95 2.4399 1.9967 0.2447 0.9834 0.8376 1.8209

VN model 0.75 1.3050 0.9265 0.5083 0.4293 0.2901 0.7194
0.85 1.4716 1.0849 0.5739 0.4920 0.4140 0.9059
0.95 1.6963 1.2913 0.6525 0.5787 0.6157 1.1944

MS model 0.75 1.2826 0.8969 0.4899 0.4296 0.2797 0.7093
0.85 1.4241 1.0261 0.5391 0.4931 0.3861 0.8792
0.95 1.6290 1.2128 0.6091 0.5805 0.5652 1.1457

Table 3 The optimal strategies and profits in different models (g = 1.0)

Case 0 P P> s T, . .

CS model 0.75 1.6679 1.4703 0.2085 - - 0.7990
0.85 2.6390 2.4481 0.2019 - - 1.2858
0.95 7.5216 7.3371 0.1957 - - 3.7283

RS model 0.75 1.3794 1.1580 0.1596 0.4787 0.2858 0.7645
0.85 1.7445 1.4459 0.2219 0.6286 0.4624 1.0910
0.95 2.4428 2.0223 0.2178 1.0025 0.8312 1.8337

VN model 0.75 1.3076 0.9789 0.4223 0.4378 0.2816 0.7194
0.85 1.4932 1.1592 0.4841 0.5145 0.4197 0.9343
0.95 1.7485 1.3985 0.5601 0.6249 0.6469 1.2719

MS model 0.75 1.2926 0.9579 0.4121 0.4379 0.2795 0.7174
0.85 1.4687 1.1274 0.4694 0.5148 0.4062 0.9210
0.95 1.7330 1.3798 0.5519 0.6250 0.6355 1.2605

the step of 0.1. Accordingly, the selected parameters could satisfy the constraints
described in Sect. 4 to ensure that this model is appropriate and meaningful.

The experimental results are shown in Tables 2, 3, which demonstrate the three
parameters have significant effects on the optimal solutions and profits under four
different models. Through the numerical experiments, several intuitions can be
deduced as follows.

(1) We compare the optimal retail prices under four scenarios and find

PS> p > pW > p¥S and pS$¥ > p&S > pIN > pMS_ This result indicates that
the optimal retail prices in the centralized system (i.e., the CS model) are higher
than those in the decentralized system. Moreover, in the decentralized system,

the retail prices of three channels are lowest when the manufacturer dominates
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2)

3)

4)

the market, and the retail prices in the retailer Stackelberg game are the high-
est. These observations imply that a dominant retailer makes the use of deci-
sion-making power in obtaining first-best profits. Simultaneously, consumers
are worse off caused by the increase in the effective retail price. However, the
dominated manufacturer gives consumers more value for owning the product,
which will increase their willingness to pay for the product and reduce their price
sensitivity.

We compare the optimal service quality under the different models and obtain
sV > gMS > RS and sV > sMS > s, The result shows that the service quality
of the physical store is the highest when neither player dominates the omnichan-
nel market. This subsequently leads to consumers obtaining more benefits in a
vertical Nash power structure. Our experiment study indicates that both s®5 > s¢S
and s*8 < s can occur.

We observe that the revenue of the total system under various models is described
as follows: 75 > 7% > zVN > 7M5_The result shows that the total profit of the
omnichannel supply chain achieves the highest in the centralized system, fol-
lowed by the RS model, the VN model and, finally, the MS model. This means
that the total revenue in the centralized model is larger than that in the decentral-
ized models. A power shift to the manufacturer under the long-term exogenous
wholesale price contract deteriorates supply chain performance. Following this
result, we can explore the impact of power structures on the performance of each
individual player.

We examine the profits of the two players under various models and obtain the
result 785 > VN > 75 and 785 > zMS > 7N For the three decentralized deci-
sion models, the maximal revenue of the retailer in the RS game is the largest. As
the retailer’s power increases in the market, its revenue increases for the linear
price- and service- sensitive demand. This finding seems to be consistent in the
literature [25, 26]. A weak retailer should seek differentiation through a lower
product retail price and higher service level. When the wholesale price is exog-
enous, a dominant retailer would announce a higher retail price. Therefore, the
retailer has the motivation to play the leader role in the supply chain. However,
this condition is not suitable for the manufacturer. The manufacturer’s profit
achieves the highest in the RS model, followed by the MS model. As the manu-
facturer further gains power and becomes a dominant player, its profit decreases
for the exogenous wholesale price constraint.

5.2 Sensitivity analysis of some parameters

First, we change the cross-price sensitivity 8 and analyze its impact on the optimal
decisions and profits in the omnichannel supply chain under four different models.

Th

e results are shown in Figs. 2, 3 and 4. The default values of the parameters in

Figs. 2, 3 and 4 are set as follows: « = 0.2, w =04, f = 0.8 and 8 € [0.75,0.95].

From Tables 2 and 3 and Figures 2, 3 and 4, we can observe that the cross-price

sensitivity has great impact on the players’ optimal decisions and profits under four
models. (i) Figures 2 and 3 show that both the online and offline retail prices have
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Fig.3 Effect of 6 on the online price

positive relationships with the cross-price sensitivity. We find that the equilibrium
retail prices increase in the cross-price sensitivity in all power regimes. (ii) Figure 4
shows that the service level of the physical store has negative relationship with the
cross-price sensitivity in the centralized system. However, in either the MS or the
VN model, the retailer’s service quality increases with the cross-price sensitiv-
ity. Besides, the retailer’s service level s is inverted U-shaped in the RS game. (iii)
Tables 2 and 3 also reveal that an increase in the sensitivity of cross-price effect
results in higher social surplus. Furthermore, when consumers are very sensitive to
the channel price difference, the total supply chain can benefit from the centralized
system compared with the other three models.

Second, we observe the effect of service cost factor change on the players’ deci-
sions and profits in Figs. 5, 6 and 7. The parameters default values in Figs. 5, 6 and
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7 are set as follows: « = 0.2, w=0.4, 8 =0.8 and g € [0.6, 1.2]. Figure 5 shows
that the offline retail price p; decreases with the service cost factor in the CS and
RS scenarios but increases with the service cost factor in the MS and VN models.
Besides, the online price p, decreases with the service cost factor in the centralized
omnichannel but increases with the service cost factor in the decentralized supply
chain. Tables 2 and 3 also show that under different power structures, the central-
ized omnichannel performance and the individual player’s revenue decrease as the
service cost factor increases. Intuitively, a higher service cost coefficient decreases
consumers’ product evaluation (raising effective price) and therefore undermines
the omnichannel supply chain’s competitiveness. As illustrated in Fig. 7, with the
increases in the service cost factor, the physical store’s service quality decreases
under different models.

Third, we analyze the impact of the BOPS channel demand expansion coefficient
a on the optimal pricing and service solutions, and maximal revenue under different
power structures. Table 4 provides visual descriptions of the following results. It is
drawn with the parameters 8 = 0.8, f = 0.8, w = 0.4 and « € [0.1,0.3]. The coef-
ficient of demand expansion of the BOPS channel was positive and statistically sig-
nificant in all four models. From Table 4, we can observe the following. (i) Under
the four models, as a decreases, both the retailer’s offline and the manufacturer’s
online prices will reduce. Namely, when more and more consumers become accus-
tomed to the existence of the BOPS channel, it is optimal for the players to raise
the prices and win demands and profit. (ii) The service level s of the physical store
decreases with the BOPS demand expansion coefficient @. The increase of the BOPS
channel consumers indicates a higher service cost factor would reduce the physical
store’s service quality. (iii) The omnichannel supply chain performance and the indi-
vidual member’s profits increase with the BOPS demand expansion coefficient a. It
is straightforward that a large BOPS channel demand expansion coefficient attracts
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the retailer to make more orders from the manufacturer. Then the omnichannel sup-
ply chain performance finally receives a higher profit than before. The results are
consistent with real practice.
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6 Conclusions

This study applies the game theory to investigate the price and service deci-
sions in omnichannel supply chains under different power structures. In a two-
stage supply chain including one online manufacturer and one offline retailer,
the manufacturer produces products and sells directly to consumers, while the
offline retailer offers both the traditional and the BOPS channels to end consum-
ers. The retailer with physical store tends to cooperate with the manufacturer to
provide BOPS option and improve store service quality to guarantee that consum-
ers could benefit from supply chain cooperation. The above settings in this study
represent a more realistic business practice for firms dealing with omnichannel
retailing issues. Based on the linear dual-channel demand functions, we segment

Table 4 The change in optimal

C ‘
prices, service level and profits ase ¢ b P2 . m r e
with the BOPS channel demand g 10461 0.1 1.9926 1.7642 0.2710 — - 0.9615
expansion coefficient &
02 20610 1.8520 0.2649 — - 0.9976
03 2.1297 1.9399 02594 — - 1.0345

MS model 0.1 1.3424 0.9394 0.5292 0.4589 0.3145 0.7733
0.2 1.3474 09561 0.5125 0.4591 0.3266 0.7857
0.3 1.3523 0.9719 0.4970 0.4592 0.3390 0.7982
RS model 0.1 1.5250 1.2417 0.2500 0.5329 0.3523 0.8852
0.2 1.5447 1.2658 0.2237 0.5354 0.3691 0.9045
0.3 1.5647 1.2891 0.1987 0.5378 0.3859 0.9237
VN model 0.1 1.3800 0.9869 0.5596 0.4580 0.3331 0.7911
0.2 1.3825 1.0010 0.5398 0.4584 0.3450 0.8034
0.3 1.3848 1.0140 0.5214 0.4586 0.3569 0.8156
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the markets and derive price- and service-sensitive omnichannel demand func-
tions. By considering the impact of retail service, we develop a centralized model
and three decentralized models under different power regimes. To the best of our
knowledge, this is the first work to explore the effect of the power structure on
service quality and retail prices in the omnichannel supply chain.

Based on extensive numerical studies, we find power structures have a consid-
erable influence on the omnichannel supply chain’s solutions and performance.
Moreover, a dominant retailer, together with an exogenous wholesale price, leads
to a higher retail price. In decentralized scenarios, a dominant retailer case could
lead to optimal omnichannel system performance in our models. In a manufac-
turer Stackelberg’s omnichannel supply chain, long-term exogenous wholesale
price contract and the incentive mechanism for the cooperative retailer to offer
BOPS channel will lead to reducing retail prices and the lowest supply chain prof-
its. In a vertical Nash power regime, the supply chain members engage in intense
competition, consumers will benefit from the highest service quality. Compared
with the decentralized omnichannel system under different power structures, we
note that a centralized system is more likely to place higher retail price and lower
service quality to maximize its revenue. Both the manufacturer and retailer in
decentralized models tend to reap the maximal profit which leads to double mar-
ginalization problem.

The preceding analysis provides a variety of managerial implications. Firstly, it
shows that the offline retailer would tend to obtain service cost information, mean-
while estimate the demand expansion coefficient of the BOPS channel, to select the
desired service level. Besides, the retailer should strengthen channel power when the
wholesale price is exogenous. Secondly, the manufacturer can manipulate the online
price depending on the retailer’s product decisions. Besides, the interest conflict of
individual members and the total system leads to supply chain inefficiency but ben-
efits consumers. Finally, the proposed models for three decentralized systems con-
sider the retail service, and can effectively guide different members to make efficient
decisions.

We propose a stylized framework to analyze the effect of power regimes on the
profitability for the omnichannel supply chain. However, there remain a number of
ways to extend this line of research. First, our model assumes that both the supply
chain players have perfect information about service cost. One possible extension of
this model would be to consider private service-cost information. Second, we build
the model with one retailer and one manufacturer, it would be worthwhile to incor-
porate a system with more than two supply chain players. Other meaningful exten-
sions include considering the service cooperation between supply chain players. In
reality, the manufacturer may adopt policies of service to mitigate channel conflicts
and improve the omnichannel supply chain performance.
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Appendix

Proof of Theorem 1 Substituting q,, ¢, and g, into Equation (4), and after simplifica-
tion, we have

0
7[ (pl Dy, 8) = [pl(l pl+s+—(2p2—s))+p2(1+a—2p2+s+
2

—<2p1 +2py = 35)] - .

Taking the first partial derivatives of zrcc(pl, Dy, ) with respect to p;, p, and s, we
have

aﬂfs(phpZ’S) _ 1

0
[1+A- E)S +20p, — 2p,1,

op, 24«
0z (. Py 5) 1 30
¢ = L+a+ (1 —22)s+20p, + 26 — 2)p,].
o 2+a[ a+( > )s P+ 2( )23
x> (p1.pys) 1

0 30
s = 2+a[(1 —§)P1+(1—7)P2]_ﬁ5-

respectively. Then, taking the second partial derivatives of ﬂfs (1, P2, s) with respect
to py, p, and s, we further have the Hessian matrix of 755(p,, p,, s).

PalSpipys) xS pipys) PalS(prpas) ) 20 —g
dp 9p,0p; 0p,0s 24+a  2+4a 2+%
Pr cs(pl Pas) 0P cs(pl Pas) O cs(pl ) _ 20 20-2) 1-2
0p20p, op; 0py0s 24g  24g  2ta
PalSpipys) Oz C5(171 P2:8) a5 (pypy.s) 1—3 1-= B
0s0p, 0s0p, 0s? 24+a  2+a
PalS(p1pys) xS pipys)  PaS(prpas) o 42-0-6%) . .
With ; < = — >0, the Hessian matrix
dap 6172 0p,0p, (2+a)
Az (py, p2, 5) is negatlve definite matrix if

||A27rccs(pl,p2,s)|| = (2+;)3[(6 - 80— = >+ —) —4p2 -0 - 02+ a)] < 0. This
N 12-160—62+56

8(2—6-62)(2+a)’
Next, we solve the optimal selling price of the traditional channel, the sales price

of the BOPS channel and the online channel, and the service level from

67rfs(p1,p2,s) O aﬂ-cs(phl’z’s) =0 and O”FCS(PI’PZ’S) a”fs(Pl»PZsS) =0 and

- ap, as ap, -

= 0 yields p

implies that 7&5(p,, p,, s) is jointly concave in p,, p, and s if § > p; =

= 0. Solving

s¢ I+a+0 s¢
+ 5, and pf¥ = 2R +

2+0a s©
2(2-0-62) 4"

op,
0x55(py.py.9)
= 2007

op,
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0xSS(py,py.s .
W =0 yields

. Therefore, Theorem 1 can be obtained. O

Substltutmg p 5 and p S into z(py,p,. ), and solving
cs _ 4[(1—')(2+a9)+(1——)(1+a+9)]

(2—0—-62)[8(2+a)p+50—6]

Proof of Theorem 2 Substituting ¢ and ¢ into 7%, we obtain
RS RS RS ks BS’
" =Py =W + Py =W, — -
44 (6% 420 — 4p, + (4 — 40 — 0%)s + (302 — 20)w
= 20+ 0)2 - 0) Py =w)
2+4+0p, —20s+ (50 —6)wda —2+0p, +4s+ (230w  ps?
2(2 -0 42 + a) 2

Solvmg =0 and —=— = (0 yields the retailer’s best response price:

onRs _ [8 +2a0 + (5(92 +80 — 16)p, + (8 — 60 — 30%)s + (56 — 106 + 8)w]

op, 42+ a)2-0)
OxR  [4— 400 +20 + (8 — 60 — 302)p, + (56% + 166 — 20)w — 86s]
ds 42+ a)(2—0)

Let n, = 16 — 50> — 860 and n, = 8 — 60 — 362, taking the second partial deriva-
tives of n'fs(pl,s) with respect to p; and s, we further have the Hessian matrix of
*5(py, 9).

—M M

102-9) 102-9)2 . .
Azﬂfs(pl,S) = < ( ,7)2( +a) _89_(4ﬁ(2)_(9}‘§1ra) > ||A27rfs(pl,s)|| > 0 if and only if
42-0)(2+a) 42-0)2+a)

8

f>p= m the manufacturer’s profit function is strictly concave. Setting

ks A o

% 0a T) =0 and solving them simultaneously, we obtain Theo-
1

rem 2. O

Proof of Theorem 3 Taking the first partial derivatives of """ (p,, s) with respect to p,
and s, we have

o™ (py,s) 1 6. 30 9

r = 1+(1=254+2 1-= Dy,
> s (= D5+ T+ (1= Dw]
o™ (py,s) 1

0
= 1-= —2w)] — Ps.
3s T a[( 2)(171 +p, —2w)l - Ps
Taking the second partial derivative of nVN (p;,s) with respect to p, and s, we obtain

that the retallers profit function is Jomtly concave in p, and s if and only
- )2
p> =7 o . At the same time, taking the first partial derivatives of 7' (p,) with

respect to p,, We have
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a”VN(Pz _ 1
p, 2+a

[(% —Dw+1+ gpl — 05— 2p, + 0p,].

Taking the second derivative of the manufacturer’s profit function with respect to
pz, we obtain 9?78 /6p2 2+ 2 <0, the manufacturer is concave in p,. Setting
dn (p],s) 0 071' (p,,s) — O d dlrm ®,)

o ds op,
obtain Theorem 3. O

= 0, then solving them simultaneously, we

Proof of Theorem 4 Taking the first partial derivatives of ﬂf}/IS (p,,s) with respect to p;
and s , we have

or}(py, s) 1 36
r = R - 1 I
o Tt a [1+( )s+ 2p2+( )w]
aﬂf«ws(plss) 1

0
ds  2+4a 5)(171 +py = 2w)] - Ps.

Taking the second partial derivatives of 7Z'MS (p;,s) with respect to p, and s, we fur-
ther have the Hessian matrix of zM5(p,, s).

2 l—-
A2xMS(p,,s) = lzj‘f 2+a | The retailer’s profit function is strictly concave if
e P
o 5
and only if |A272M5(p,, )|l > 0, which means f > f; = 2(2+ - Setting al ;p‘ Y — 0
F) R 1
and 7= d(p' Y — 0and solving them simultaneously, we obtain Theorem 4.
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