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Abstract: We study the information sharing in a supply chain of a manufacturer selling to two
asymmetric retailers engaged in inventory competition. The dominant retailer has strong bargaining
power and market power, which means that it enjoys a lower wholesale price and can obtain part
of the unmet demand transferred from the weak retailer. The manufacturer offers a wholesale
price to the weak retailer. As the weak retailer’s private demand information is unknown to the
other participants, whether to share the information to other players become an important issue.
We develop a game-theoretic model to examine four information-sharing formats: no information
sharing, only sharing with the dominant retailer, only sharing with the manufacturer, and full
information sharing. We obtain the equilibrium profits and decisions under the four sharing formats
and investigate the firms’ preferences regarding these formats. We find that the weaker retailer prefers
not sharing information and only sharing information with the dominant retailer formats, since these
two formats lower the wholesale price and increase the weak retailer’s order quantity. The dominant
retailer prefers full information sharing to only sharing with the dominant retailer because the former
format increases the manufacturer’s wholesale price to the weaker retailer, thereby improving the
dominant retailer’s total demand. This study also provides a theoretical basis for the application of
advanced information technology in the supply chain.

Keywords: information sharing; demand substitution; demand switching; asymmetric competing
newsvendors; inventory competition

1. Introduction

Dominant retailers (i.e., Walmart, Tesco, Lowe’s, Home Depot, Best Buy, etc.), also
referred to as “category killers” and “power retailers”, have achieved great success in an
increasing number of industries [1–4]. These dominant retailers have excellent operational
efficiencies, which enable them to by far surpass their competitors in market power and
bargaining power [2,5–7]. Stronger bargaining power and stronger market power enable
these dominant retailers to obtain lower wholesale prices and a higher market share than
their competitors [4,7]. For example, Walmart negotiates the lowest possible wholesale
prices from upstream manufacturers and refuses to accept price increases [1,8,9]. Tesco is
the UK’s leading grocery retailer with a market share of nearly 28% in the supermarket
industry [10–12]. The total market share of Lowe’s and Home Depot exceeds 50% of the
home improvement segment [13].

Many studies on supply chain management with the dominant retailer focus on its
bargaining power and the market power and the impact in the quantity demanded and
pricing decisions [4,5,7,14,15]. However, there is scant research on this topic in the presence
of information sharing. Yet, information technology is a critical prompter of efficient supply
chain strategies and contribute to the supply chain sustainability. Specifically, digital twin,
AI, 5G and other advanced technologies have been well applied in the supply chain and
promoted information sharing among supply chain members [16–19]. Recently, there have
been more studies that prove the value of information sharing for enterprise operations,
such as improving the supply chain coordination, inventory control and reducing the
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supply-demand mismatch [20–27]. In practice, retailers have a certain understanding of
the market demand information because they have point of sale (POS) data, overall store
indicators and an understanding of store marketing. Many retailers (e.g., Procter and
Gamble, Warner–Lambert, ShopKo, Wegmans) engage in schemes such as Collaborative
Planning, Forecasting, and Replenishment (CPFR) to promote the information sharing in
supply chain enterprises [25,28].

As discussed previously, exploring the information sharing in a supply chain with
asymmetric competing retailers has a practical significance. This paper builds an analytical
model to investigate the value of information sharing in an asymmetric competitive supply
chain. Specifically, we consider a two-echelon supply chain including a manufacturer and
two asymmetric competing retailers. We assume the two retailers are asymmetric in their
marketing power over demand and bargaining power over the wholesale price. That is, the
dominant retailer faces a long-term exogenous wholesale price, its un-met demand cannot
switch to the weak retailer, while the weak retailer faces an endogenous wholesale price
proved by the manufacturer, and its un-met demand can partially switch to the dominant
retailer. These assumptions are widely used in the literature [7,29,30].

Our main contribution is to explore how information sharing formats affect players’
ordering and pricing decisions when downstream retailers are asymmetric and competitive.
We characterize the equilibrium ordering and pricing decisions under different information
sharing formats. As we consider the asymmetry of retailers’ market power, i.e., only the
unmet demand of the weak retailer can be partially transferred to the dominant retailer,
the dominant retailer’s order quantity decision and the manufacturer’s wholesale price
decision depend on the weak retailer’s demand information. We consider four information-
sharing formats. The first is the “no information sharing” format, in which the weak retailer
does not share private demand information to either of the players. The second is the
“partial information sharing with the dominant retailer” format, in which the weak retailer
only shares information with his competitive retailer. The third is the “partial information
sharing with the manufacturer” format, in which the weak retailer only shares information
with the upstream manufacturer. The fourth is the “full information sharing” format, in
which the weak retailer shares information with the both. Specifically, we address the
following questions:

Does the weak retailer share its demand information with the dominant retailer
and the upstream manufacturer and, if so, what’s the optimal information-sharing for-
mat? One might intuit that the weak retailer will not share his private demand with his
competitor. We show this may not be true when retailers are asymmetric under bargaining
power and market power. We find that the weak retailer prefers the “no information shar-
ing” format and the “partial sharing with the dominant retailer” format. Because the weak
retailer enjoys the lowest wholesale price and orders the highest quantity, and therefore
obtains the highest equilibrium expected profit in these two formats. Moreover, the weak
retailer is least willing to partially share information with the upstream manufacturer. The
highest wholesale price and the lowest order quantity result in the weaker retailer’s lowest
equilibrium expected profit under this format.

What are the optimal preferences of the manufacturer and the dominant retailer
regarding the four sharing formats? We show that the manufacturer prefers (least likes)
the “partial sharing with the manufacturer” format (the “partial sharing with the dominant
retailer” format) since the format enables the manufacturer to earn more (less) profit from
the dominant retailer and more (less) marginal gains from the weak retailer. We find that
the dominant retailer prefers the “full information sharing” format than the “partial sharing
with the dominant retailer” format since the former format increases the manufacturer’s
wholesale price to the weaker retailer, thus reducing the order quantity of the weaker
retailer and increasing the unmet demand transferred from the weaker retailer. Moreover,
the dominant retailer prefers the “partial sharing with the dominant retailer” format than
the “no information sharing” format since the dominant retailer has a more accurate
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understanding of the demand information of the weak retailer under the former format,
thereby reducing the loss caused by over ordering.

How does the demand substitution rate affect the operational decisions and the
equilibrium expected profit of retailers and the manufacturer? We show that regardless
of the information sharing format, the weak retailer’s order quantity increases as the
demand substitution rate increases, the dominant retailer’s order quantity decreases as
the demand substitution rate increases, and the wholesale price increases as the demand
substitution rate increases. The manufacturer gains from a higher demand substitution
rate, because a higher demand substitution rate increases the dominant retailer’s effective
market demand, resulting in the manufacturer receiving more orders from the dominant
retailer and setting a higher wholesale price to the weak retailer. The weak retailer gains
from a lower demand substitution rate since a lower demand substitution rate leads to a
lower order cost and a higher order quantity.

The remainder of this study is organized as follows. Section 2 reviews the related
literature. Section 3 sets up the model. Section 4 characterizes the equilibrium and some
of its properties. Section 5 discusses the information-sharing format preferences of the
manufacturer and two competitive retailers. Section 6 provides some concluding remarks
and proposes potential directions for future research. Proofs are in the Appendix A.

2. Literature Review

In recent years, there has been a great deal of academic study on the supply chain
management community concerning inventory decision-making, information sharing,
supply chain relations [23,26,30–32], and references therein. By exploring the information
sharing in a supply chain of a manufacturer selling to two asymmetric retailers engaged in
inventory competition, our paper is closely related to three streams of literature: the first
stream of literature focuses on how information sharing (including vertical information
sharing and horizontal information sharing) affects the operation decisions of supply chain
enterprises in a competitive environment; the second stream of literature focuses on the
asymmetric channel relationships in the newsvendor competition model; the third stream
of literature focuses on demand switching between competing firms in a supply chain; the
fourth stream of literature focuses on the state-of-the-art technology-driven trends in a
supply chain.

2.1. Information Sharing in Competing Retailers

There are two categories of information sharing in a supply chain with retail compe-
tition which have been considered in the previous literature. The first category studies
vertical information sharing in a supply chain with one upstream suppler and two or more
competing retailers [28,33–35]. These papers study the value of vertical information sharing
and the effect of a newsvendor competition on the information sharing. Li [36] investigates
the incentives of vertical information sharing in a two-echelon supply chain with Cournot
competition. He points out how “direct effect” and “indirect effect” of information sharing
affect the information sharing decisions of downstream retailers. Zhang [33] shows that
the manufacturer voluntarily chooses not to share information in the supply chain with
duopoly retailers. Gal-Or et al. [28] demonstrate that the advantages of vertical information
sharing depend on these three important factors, including the degree of retail competition,
the relative accuracy of a retailers’ random signal, and whether the demand signal has
been shared by competing retailers. Chen and Özer [34] examine supply chain contracts
that can promote vertical information sharing in the supply chain and prevent a horizontal
information leakage among competing retailers.

The second category studies horizontal information sharing in a supply chain under
competition [35,37–40]. These papers focus on whether a cooperation has the incentive
to share private information horizontally to competitors. Gal-Or [35] studies information
sharing in a Cournot competition and a Bertrand competition and reveals that different
information structures have opposite motives for information sharing. Li and Zhang [37]
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consider a decentralized supply chain with one manufacturer and many symmetric re-
tailers competing in price, and show that in the context of fierce retail competition, all
firms have the incentive to participate in information sharing. Zhou et al. [38] consider
the supply chain coordination in the context of information asymmetry and horizontal
competition, and demonstrate that group procurement organizations (GPOs) can promote
information sharing and coordinate production quantities. Wu et al. [39] show that the
capacity constraint has an impact on downstream manufacturers’ horizontal information
sharing strategies under competition, and the upstream suppler can also affect the down-
stream manufacturers’ horizontal information sharing strategy through pricing. Cao and
Chen [40] show that when downstream competition is fierce, the informed retailer prefers
an information sharing format if cost-reduction is relatively high. All of these papers
consider vertical information sharing and/or horizontal information sharing in a supply
chain with retail competition, not in the presence of demand switching and asymmetry
retailers as we do.

2.2. Newsvendor Competition Model with Asymmetric Channel Relationships

The second stream of literature investigates the asymmetric channel relationships in
the newsvendor competition model [2,3,7,41]. These studies that focus on characterizing
the competing retailer are asymmetric in bargaining power and market power. For instance,
Raju and Zhang [41] study a channel model, which consists of a manufacturer selling prod-
ucts to a dominant retailer and many passive identical retailers. They demonstrate that the
manufacturer can choose quantity discounts or two-part tariffs as the channel coordination
mechanism under certain conditions. Dukes et al. [2] argue the dominant retailer with
a significant cost advantage may not necessarily make the manufacturer worse off, even
if the retailer has a better bargaining power than his retail competitor. Geylani et al. [3]
shows that the manufacturer offers a higher wholesale price to the weak retailer than the
dominant retailer in the strategic manufacturer response. Wu et al. [7] consider a trade
credit contract when the two retailers are asymmetric in terms of capital constraints and
bargaining power for wholesale prices. They show that demand substitution improves the
profit of the manufacturer and the dominant retailer, but reduces the profit of the weak
retailer. The focus of these studies is mainly the consequence of the bargaining power. In
these studies, the asymmetry is in wholesale price, i.e., the dominant retailer enjoys the
lower wholesale price. Different from the previous research on the ordering cost asym-
metry in the newsvendor competition, our paper investigates both the bargaining power
asymmetry and the demand information asymmetry by introducing demand switching.
This allows us to explore how information sharing affects the newsvendor competition and
the preferences of the manufacturer and the dominant retailer for the information sharing
strategy of the weaker retailer.

2.3. Demand Switching in a Supply Chain

The third stream of literature investigates demand switching between competing
firms in a supply chain [7,29,30,42–44]. These papers focus on the effect of demand switch-
ing on the competing firms’ inventory levels. Lippman and McCardle [42] consider the
classic newsvendor problem in the context of competition, and demonstrate that compe-
tition will not cause industry inventories to decline if all unmet demand is reallocated.
Netessine et al. [29] consider a multi-period competition problem in a multi-period in
which the unmet demand can be switched to another competitor or be backordered, and
analyze the impact of the customers’ back-ordering scenarios on the retailers’ stocking
quantities and profits. Liu et al. [30] study the dynamic competition in product availability
between two companies. In their model, when the customers encounter stockouts, the
unmet demand will shift from the current supplier to the competitor in a fixed proportion
in the next period. Jiang and Anupindi [43] explore two different search processes, i.e.,
the customer-driven search (CDS) and the retailer-driven search (RDS), to balance the
unmet demand and overstocking that exist in any decentralized multi-location system. Lee
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and Lu [44] consider an inventory competition model under yield uncertainty and show
that the demand switching rate has an impact on the equilibrium yield reliability levels.
Wu et al. [7] model an inventory competition that allows the unmet demand to switch
between retailers, and study the impact of trade credit on demand-switching and retailers’
order quantities. They demonstrate that capital constraints increase the total order quantity
of retailers, so it may alleviate the demand-switching effect. We also study the effect of the
demand switching behavior on the operational decisions. However, our work differs from
the above-mentioned paper by considering the value of demand information.

2.4. The Technology-Driven Trends in a Supply Chain

The fourth stream of literature investigates the state-of-the-art technology-driven
trends related to information sharing in a supply chain [16–19]. These papers focus on
expounding and demonstrating that advanced technologies such as digital twins, AI, 5G,
etc. can be used in the supply chain and promote information sharing among supply chain
members. Khatib and Barco [16] propose a management system that can optimize the 5G
network to make the IIoT-enabled supply chain more efficient. They show that 5G has many
advantages in smart logistics, such as outsourcing communication management, simplify-
ing the management of wireless devices, and meeting the requirements of many industry
4.0 applications. Hussain et al. [17] present an orderly literature review on the blockchain-
based IoT devices in supply chain management. They show that the blockchain-based
IoT brings many information advantages to the supply chain. For example, it improves
the process and detection of information, promotes the accessibility of information and
improves the connection between the information flow and material flow. Kegenbekov and
Jackson [18] argue that advanced supply chain digital twins is a necessary infrastructural
condition in many real-world applications. They show that when end-to-end visibility
is provided, deep reinforcement learning (DRL) can synchronously process inbound and
outbound flows, and it supports continuous business operations in a random environment.
Abideen et al. [19] propose a digital twin integrated reinforced learning framework for
logistic and supply chains. They break through the limitation of using historical data only
for simulation modeling to understand the know-how procedure, and attempt to explore
real-time simulation modeling or digital twin generates that use the Internet of Things
assisted real-time data. Different from previous studies on the advantages of technology for
information sharing in a supply chain, this paper establishes a game model to study how
information sharing affects the decision and income of supply chain enterprises. Moreover,
this work provides a sufficient theoretical basis for the application of advanced technology
in the supply chain.

3. Model Setting

Consider a manufacturer selling a product to two differentiated retailers that compete
in sales during a sales season. The retailers sell at the same exogenous retail price p to
the consumer. The two retailers have asymmetric bargaining power and market power.
The dominant retailer (R1) has a stronger bargaining power, so the manufacturer provides
him with an exogenous wholesale price w1. We assume that the dominant retailer’s
retail price w1 is endogenous and not higher than p

2 . Moreover, the weak retailer (R2)
has less bargaining power and cannot negotiate the wholesale price with the upstream
manufacturer. Therefore, the manufacturer offers a take-it or leave-it wholesale price
w2 ≥ w1 to the weak retailer.

Market Demand. Suppose that weak retailer’s prior demand D2 is the normal dis-
tributed with mean d2 and variance δ2, i.e., D2 ∼ N

(
d2, δ2), which is known to all firms.

Moreover, the posterior demand D′2 ∼ N
(
d2, δ′2

)
is the weak retailer’s private information.

In particular, 0 <δ′ < δ reflects the posterior information that is more valuable than the
prior information. The stochastic demand D2 (D′2) has a probability density function fD2(·)
( fD′2(·)) and a cumulative distribution function FD2(·) (FD′2(·)). For simplicity, we assume
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that d2 is sufficiently large so that the probability of a negative demand can be ignored in
the following.

We assume that strong retailers have a stronger ability to absorb the market demand.
That is, the unmet demand of the weak retailer can be partially transferred to the dominant
retailer at the demand substitution rate α ∈ (0, 1), but the unmet demand of the dominant
retailer cannot be transferred to the weak retailer, thus, for the weak retailer, the demand
substitution rate is zero. Similar to Wu et al. (2019) [7], it is called cross-demand, and
the total demand of each retailer includes the initial demand and the cross-demand. We
focus on the information sharing strategy of the weak retailer in the presence of bargaining
power and market power asymmetry. To make this analysis tractable, we assume that the
dominant retailer’s initial demand d1 > 0 is deterministic.

Since the weak retailer’s unmet demand can be partly transferred to the dominant
retailer and its’ posterior is unknown to other players, the weak retailer may choose to share
or not share with another retailer and manufacturer, or only share one of them. Therefore,
if the weak retailer shares his posterior information D′2 to the dominant retailer, the total
demand faced by the dominant retailer is D1 = d1 + α(D′2 − q2)

+, otherwise, the total
demand faced by the dominant retailer is D1 = d1 + α(D2 − q2)

+, where [a]+ = max(a, 0).
The total demand faced by the weak retailer is always D2 = D′2.

As shown above, the weak retailer’s demand information affects the manufacturer’s
wholesale price decision and the dominant retailer’s order decision. We consider the
retailer’s information sharing strategy. Figure 1 illustrates the arrangement of agents.
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Figure 1. Arrangement of the Agents.

Sequence of Events. The sequence of events as follows: (1) the weaker retailer R2
becomes privately informed of posterior demand D′2; (2) the weak retailer decides whether
to share his private information with other players, i.e., the manufacturer and the dominant
retailer; (3) the manufacturer offers an exogenous wholesale price w1 to the dominant
retailer and decides a take-it or leave-it wholesale price w2 to the weak retailer; (4) the
retailers simultaneously decide their order quantity, q1 and q2. The timing of the model is
depicted in Figure 2.
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3.1. The Weak Retailer’s Ordering Response

In the fourth stage, since the unmet demand of the dominant retailer cannot be
transferred to the weak retailer, the profit of the weak retailer is only affected by its own
demand D2 = D′2 and wholesale price w2. Therefore, the weak retailer’s expected profit is
given by

π2
(
q2
∣∣w2, D2

)
= pEmin(q2, D′2)− w2q2

= pq2 − p
∫ q2
−∞ FD′2

(D)dD−w2q2.
(1)

Denote φ(·) as PDF of the standard normal distribution and Φ(·) as CDF of the
standard normal distribution. Moreover, Φ(·) = 1 − Φ(·) is complementary CDF of
the standard normal distribution and Φ−1

(·) is inverse completed CDF of the standard
normal distribution. z(·) = φ(·)

Φ(·) is increasing failure rate (see, e.g., [45,46]). The weak

retailer’s optimal order quantity in stage 4, as a function of D′2 and w2, is then given by

q2(w2, D′2) = FD′2
−1
(

w2
p

)
= d2 + δ′2Φ−1

(
w2
p

)
.

Note that for other players, in the case of obtaining information, the weak retailer’s
response function is related to the posterior information, which is q2(w2, D′2); otherwise, in
the case of no information, the weak retailer’s response function is only related to the prior
information, which is q2(w2, D2) = d2 + δ2Φ−1

(
w2
p

)
. When the wholesale price is relatively

high, i.e., w2 ∈
( p

2 , p
]
, the information sharing increases the weak retailer’s response order

quantity, i.e., q2(w2, D2) < q2(w2, D′2) < d2; when the wholesale price is relatively low, i.e.,
w2 ∈

[
0, p

2
)
, the information sharing decreases the weak retailer’s response order quantity,

i.e., q2(w2, D2) > q2(w2, D′2) > d2.
The intuition is as follows. First, if the weak retailer faces a relatively high wholesale

price, he will reduce his order until it is lower than the mean of the prior demand d2 whether
the information is shared or not. Second, a relatively low wholesale price increases the
retailer’s order until it is higher than the mean of the prior demand d2 whether information
is shared or not. This qualitative result reflects that the information sharing strategy does
not affect the change direction of the weak retailer’s order quantity (i.e., higher than or
lower than the initial demand), whereas the wholesale price w2 has a very significant
influence on the relationship between the weak retailer’s order quantity and the initial
demand. Second, it is interesting to note that under the low (high) wholesale price, the
other players will overestimate (underestimate) the weak retailer’s order quantity if the
weak retailer does not share his private information.
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3.2. The Dominant Retailer’s Ordering Response

In the fourth stage, if the weak retailer shares information to the dominant retailer,
the dominant retailer makes the order quantity decision depending on q2(w2, D′2). The
dominant retailer’s expected profit is given by

π1(q1|q2(w2, D′2) ) = pEmin
(

q1, d1 + α(D′2 − q2(w2, D′2))
+
)
− w1q1

=


(p− w1)q1, i f q1 < d1,

p
(

q1 − α
∫ 1

α (q1−d1)+q2(w2,D′2)
q2(w2,D′2)

FD′2(D)dD
)
− w1q1, i f q1 ≥ d1.

(2)

The dominant retailer’s optimal order quantity in stage 4, as a function of D′2 and w2, is

then given by q1(w2, D′2) = d1 + α
(

FD′2
−1
(

w1
p

)
− q2(w2, D′2)

)
. Thus,

q1(w2, D′2) = d1 + αδ′
(

Φ−1
(

w1
p

)
−Φ−1

(
w2
p

))
.

Similarly, if the weak retailer does not share information to the dominant retailer,
the dominant retailer makes the order quantity decision depending on q2(w2, D2). The
dominant retailer’s expected profit is given by

π1(q1|q2(w2, D2) ) = pEmin
(

q1, d1 + α(D2 − q2(w2, D2))
+
)
− w1q1

=


(p− w1)q1, i f q1 < d1,

p
(

q1 − α
∫ 1

α (q1−d1)+q2(w2,D2)

q2(w2,D2)
FD′2

(D)dD
)
− w1q1, i f q1 ≥ d1.

(3)

The dominant retailer’s optimal order quantity in stage 4, as a function of D′1, D2 and

w2, is then given by q1(w2, D2) = d1 + α
(

FD2
−1
(

w1
p

)
− q2(w2, D2)

)
. Thus,

q1(w2, D2) = d1 + αδ
(

Φ−1
(

w1
p

)
−Φ−1

(
w2
p

))
.

It follows from the fact w2 ≥ w1 that the dominant retailer’s order quantity is not
less than his initial demand d1, regardless of whether the dominant retailer is informed or
not. In particular, the dominant retailer’s order quantity is equal to his initial demand if
and only if the manufacturer offers the lowest wholesale price to the weak retailer, e.g.,
w2 = w1. When the manufacturer offers a high wholesale price w2 to the weak retailer,
the dominant retailer deems that the weak retailer will lower his order quantity and has
a more unmet market demand, thereby increasing his order quantity, i.e., ∂q1(w2,D2)

∂w2
> 0

and
∂q1(w2,D′2)

∂w2
> 0.

4. Analysis

This section presents the description and analysis of the four cases: The benchmark
case with no information sharing (N), the second case in which the weak retailer only
shares his posterior demand information to the dominated retailer (PR), the third case in
which the weak retailer only shares his posterior demand information to the upstream
manufacturer (PM), and the fourth case in which the weak retailer shares his posterior
demand information to the dominated retailer and the upstream manufacturer (FS). We
start with the benchmark case.

4.1. Benchmark Case: No Information Sharing (N)

In the third stage, the manufacturer decides the wholesale price w2 depends on prior
demand D2, thus retailers’ response functions are q1(w2, D2) and q2(w2, D2), respectively.
The manufacturer’s optimization problem is

max
w2≥w1

Π(w2|q1(w2, D2), q2(w2, D2) ) = max
w2≥w1

(w1q1(w2, D2) + w2q1(w2, D2))

= max
w2≥w1

(
w1

(
d1 + αδ

(
Φ−1

(
w1
p

)
−Φ−1

(
w2
p

)))
+ w2

(
d2 + δΦ−1

(
w2
p

))) (4)
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Note that the assumptions of w1 ≤ p
2 and d2 is sufficiently large (e.g., d2 > δ

z(0) ) ensures

that pΦ(ŷδ) > w1, where ŷδ < 0 solves pΦ(ŷδ)
[
1− z(ŷδ)

(
ŷδ +

d2
δ

)]
= αw1. Therefore, we

obtain the optimal wholesale price under no information sharing as follows.

Lemma 1. When the weak retailer does not share demand information, the weak retailer’s wholesale
price in equilibrium equals wNS

2 = pΦ(ŷδ).

The intuition behind Lemma 1 is that the manufacturer’s decision of the wholesale
price for the weak retailer depends not only on the prior demand information of the weak
retailer, i.e., D2 ∼ N

(
d2, δ2), but also on the endogenous wholesale price w1 provided to

another retailer.
Since the dominant retailer makes the order quantity decision based on the prior

information of the weak retailer’s demand D2 and wholesale prices wNS
2 , the dominant

retailer’s equilibrium order quantity is qNS
1 = q1

(
wNS

2 , D2
)
= d1 + αδ

(
Φ−1

(
w1
p

)
− ŷδ

)
.

The weak retailer makes the order quantity decision based on the posterior information of
his demand D′2 and wholesale prices wNS

2 , so the weak retailer’s equilibrium order quantity
is qNS

2 = q2
(
wNS

2 , D′2
)
= d2 + δ′ŷδ.

Based on the foregoing, we derive retailers and the manufacturer’s equilibrium ex-
pected profit under no information sharing as follows.

ΠNS = Π
(

wNS
2

∣∣∣qNS
1 , qNS

2

)
= w1

(
d1 + αδ

(
Φ−1

(
w1

p

)
− ŷδ

))
+ w2

(
d2 + δ′ŷδ

)
πNS

1 = π1

(
qNS

1

∣∣∣qNS
2

)
= (p− w1)

(
d1 + αδ

(
Φ−1

(
w1

p

)
− ŷδ

))
− αp

∫ d2+δΦ−1
(

w1
p )−(δ−δ′)ŷδ

d2+δ′ ŷδ2

FD′2
(D)dD; and

πNS
2 = π2

(
qNS

2

∣∣∣wNS
1 , D′2

)
= pΦ(ŷδ)

(
d2 + δ′ŷδ

)
− p

∫ d2+δ′ ŷδ

−∞
FD′2

(D)dD

4.2. With the Dominant Retailer (PR)

In the third stage, the manufacturer makes the wholesale price decision depend-
ing on prior demand D2, thus the manufacturer’s expected profit is the same as that
without information sharing. Furthermore, we get that the equilibrium wholesale price is
wPR

2 = pΦ(ŷδ). The dominant retailer’s equilibrium order quantity is qPR
1 = q1

(
wNS

2 , D′2
)
=

d1 + αδ′
(

Φ−1
(

w1
p

)
− ŷδ

)
, and the weak retailer’s equilibrium order quantity is

qPR
2 = q2

(
wPR

2 , D′2
)
= d2 + δ′ŷδ′ . Since the dominant retailer knows the posterior demand,

the dominant retailer’s equilibrium order quantity is related to D′2.
When the weak retailer only shares information with the dominant retailer, the retailers

and the manufacturers’ equilibrium expected profit as follows.

ΠPR = Π
(

wPR
2

∣∣∣qPR
1 , qPR

2

)
= w1

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ

))
+ pΦ(ŷδ)

(
d2 + δ′ŷδ

)
πPR

1 = π1

(
qPR

1

∣∣∣qPR
2

)
= (p− w1)

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ

))
− αp

∫ d2+δ′Φ−1
(

w1
p )

d2+δ′ ŷδ

FD′2
(D)dD; and

πPR
2 = π2

(
qPR

2

∣∣∣wPR
2 , D′2

)
= pΦ(ŷδ)

(
d2 + δ′ŷδ

)
− p

∫ d2+δ′ ŷδ

−∞
FD′2

(D)dD
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4.3. With the Manufacturer (PM)

In the third stage, if the weak retailer only shares information with the manufac-
turer, for the manufacturer, the retailers’ response functions are q1(w2, D2) and q2(w2, D′2),
respectively. The manufacturer’s optimization problem is

max
w2≥w1

Π(w2|q1(w2, D2), q2(w2, D′2) ) = max
w2≥w1

(w1q1(w2, D2) + w2q1(w2, D′2))

= max
w2≥w1

(
w1

(
d1 + αδ

(
Φ−1

(
w1
p

)
−Φ−1

(
w2
p

)))
+ w2

(
d2 + δ′Φ−1

(
w2
p

)))
.

(5)

Lemma 2. When the weak retailer only shares information with the manufacturer, the weak retailer’s
wholesale price in equilibrium equals wPM

2 = pΦ
(
ŷδ,δ′

)
, where ŷδ,δ′ < 0 solves

pδ′Φ
(
ŷδ,δ′

)[
1− z

(
ŷδ,δ′

)(
ŷδ,δ′ +

d2
δ′

)]
= αδw1.

The intuition behind Lemma 2 is that when the weak retailer only shares information
with the manufacturer, the manufacturer makes the wholesale price dependent on both a
priori and a posterior demand information of the weak retailer, i.e., D2 ∼ N

(
d2, δ2) and

D′2 ∼ N
(

d2, δ′2
)

. This is because the manufacturer obtains the posterior demand infor-
mation directly from the weak retailer and makes the decision according to the dominant
retailer’s response of the order quantity related to the prior information.

Since the dominant retailer makes the order quantity decision based on the prior infor-
mation of the weak retailer’s initial demand D2 and wholesale prices wPM

2 , the dominant

retailer’s equilibrium order quantity is qPM
1 = q1

(
wPM

2 , D2
)
= d1 + αδ

(
Φ−1

(
w1
p

)
− ŷδ,δ′

)
.

The weak retailer makes its ordering quantity based on the posterior information of his
initial demand D′2 and wholesale prices wPM

2 , so the weak retailer’s equilibrium order
quantity is qPM

2 = q2
(
wPM

2 , D′2
)
= d2 + δ′ŷδ,δ′ .

Furthermore, when the weak retailer only shares information with the manufacturer,
the retailers’ and the manufacturer’s equilibrium expected profit are as follows.

ΠPM = Π
(

wPM
2

∣∣∣qPM
1 , qPM

2

)
= w1

(
d1 + αδ

(
Φ−1

(
w1
p

)
− ŷδ,δ′

))
+ pΦ

(
ŷδ,δ′

)(
d2 + δ′ ŷδ,δ′

)
πPM

1 = π1
(
qPM

1

∣∣qPM
2
)

= (p− w1)
(

d1 + αδ
(

Φ−1
(

w1
p

)
− ŷδ2,δ′2

))
− αp

∫ d2+δ′Φ−1
(

w1
p )−(δ2−δ′2)ŷδ2,δ′2

d2+δ′ ŷδ2,δ′2
FD′2 (D)dD

; and

πPM
2 = π2

(
qPM

2

∣∣∣wPM
2 , D′2

)
= pΦ

(
ŷδ,δ′

)(
d2 + δ′ŷδ,δ′

)
− p

∫ d2+δ′ ŷδ,δ′

−∞
FD′2

(D)dD.

4.4. With the Dominant Retailer and the Manufacturer (FS)

In the third stage, if the weak retailer shares information with the manufacturer
and the dominant retailer, the retailers’ response functions are q1(w2, D′2) and q2(w2, D′2),
respectively. The manufacturer’s optimization problem is

max
w2≥w1

Π(w2|q1(w2, D′2), q2(w2, D′2) ) = max
w2≥w1

(w1q1(w2, D′2) + w2q1(w2, D′2))

= max
w2≥w1

(
w1

(
d1 + αδ′

(
Φ−1

(
w1
p

)
−Φ−1

(
w2
p

)))
+ w2

(
d2 + δ′Φ−1

(
w2
p

)))
.

(6)

Lemma 3. When the weak retailer shares information with both, the weak retailer’s wholesale price in
equilibrium equals wFS

2 = pΦ(ŷδ′), where ŷδ′ < 0 solves pΦ(ŷδ′)
[
1− z(ŷδ′)

(
ŷδ′ +

d2
δ′

)]
= αw1.
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Lemma 3 shows that when the weak retailer shares information with both, the man-
ufacturer makes the wholesale price depend on the posterior demand information of the
weak retailer, i.e., D′2 ∼ N

(
d2, δ′2

)
.

Since retailers make order quantities based on the posterior information of the initial de-
mand D′2, the dominant retailer’s equilibrium order quantity is

qFS
1 = q1

(
wFS

2 , D′2
)
= d1 + αδ′

(
Φ−1

(
w1
p

)
− ŷδ′

)
and the weak retailer’s equilibrium order

quantity is qFS
2 = q2

(
wFS

2 , D′2
)
= d2 + δ′ŷδ′ .

Furthermore, when the weak retailer shares information with both, the retailers’ and
the manufacturer’s equilibrium expected profit are as follows.

ΠFS = Π
(

wFS
2

∣∣∣qFS
1 , qFS

2

)
= w1

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ′

))
+ pΦ(ŷδ′)

(
d2 + δ′ŷδ′

)
πFS

1 = π1
(
qFS

1

∣∣qFS
2
)

= (p− w1)
(

d1 + αδ′
(

Φ−1
(

w1
p

)
− ŷδ′

))
− αp

∫ d2+δ′Φ−1
(

w1
p )

d2+δ′ ŷδ′
FD′1

(D)dD
; and

πFS
2 = π2

(
qFS

2

∣∣∣wFS
2 , D′2

)
= pΦ(ŷδ′)

(
d2 + αδ′ŷδ′

)
− p

∫ d2+δ′ ŷδ′

−∞
FD′2

(D)dD

5. Format Preferences

We first compare the impact of the four information sharing formats on the retailers’
ordering decisions and the manufacturer’s wholesale price decision, and then examine the
firms’ preference over the four information sharing formats.

5.1. The Effect of Information Sharing on the Firms’ Decisions

Proposition 1. The manufacturer sets the highest wholesale price to the weak retailer when the weak
retailer’s partial shares demand information with the manufacturer. Moreover, the manufacturer
sets the lowest wholesale price to the weak retailer when the weak retailer doesn’t share the demand
information with both players or only partially shares the demand information with the dominant
retailer, i.e., wNS

2 = wPR
2 < wFS

2 < wPM
2 .

Proposition 1 shows that among the four information-sharing formats, the “partial
sharing with the manufacturer” format makes the manufacturer charge the highest whole-
sale price. However, the “partial sharing with the dominant retailer” format and the “no
information sharing” format make the manufacturer charge the lowest wholesale price.

The intuition behind Proposition 1 is that the manufacturer’s understanding of the
demand information of the weak retailer determines the level of the wholesale price
provided to the weak retailer. Specifically, compared with the other three information
sharing formats, in the format of when the weak retailer only shares demand information
with the manufacturer, the manufacturer can use the information advantage to set a higher
wholesale price, thereby obtaining more sales revenue. Under the two formats of when the
weak retailer doesn’t share demand information with both players or only partially shares
demand information with the dominant retailer, the manufacturer is at a disadvantage of
information, so it can only set the lowest wholesale price. Apart from the above, when the
weak retailer shares demand information to all participants, the manufacturer has the same
information advantage as other participants, so he will set an intermediate wholesale price.

Proposition 2. The weak retailer orders the most products when the weak retailer does not share
information with any players or only partially shares demand information with the dominant retailer.
Moreover, the weak retailer orders the least amount of products when the weak retailer only partially
shares their demand information with the manufacturer, i.e., qPM

2 < qFS
2 < qNS

2 = qPR
2 .
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Proposition 2 shows that among the four information-sharing formats, the “partial
sharing with the dominant retailer” format and the “no information sharing” format pro-
mote the weak retailer to order products without difference. However, the “partial sharing
with the manufacturer” format restricts the weak retailer from ordering products. This is be-
cause the weak retailer’s information sharing strategy affects the upstream manufacturer’s
wholesale price decision, which in turn affects the weak retailer’s ordering decision. Thus,
in equilibrium, the weak retailer’s order quantity responds negatively to the wholesale
price provided by the manufacturer.

Proposition 3. The dominant retailer orders the most (least) products when the weak retailer
only partially shares the demand information with the manufacturer (the dominant retailer), i.e.,
qPM

1 = max
k=NS,PR,PM,FS

qk
1 and qPR

1 = min
k=NS,PR,PM,FS

qk
1.

Proposition 3 shows that among the four information-sharing formats, the “partial
sharing with the manufacturer” format promotes the dominant retailer to order products.
However, the “partial sharing with the dominant retailer” format restricts the dominant
retailer from ordering products.

Recall that the manufacturer provides the dominant retailer with an exogenous whole-
sale price but provides the weak retailer with an endogenous wholesale price, and the
unmet demand of the weak retailer can transfer to the dominant retailer. Therefore, the
dominant retailer’s order quantity is affected by the wholesale price accepted by the weak
retailer, and the information strategy and the order quantity of the weak retailer. Specifi-
cally, when only the manufacturer is informed of the weak retailer’s demand information,
the dominant retailer orders the most products, i.e., qPM

1 = max
k=NS,PR,PM,FS

qk
1. This is because

that under this format, the manufacturer charges the highest wholesale price to the weak
retailer, i.e., wPM

2 > max
k=PR,NS,FS

wk
2, thereby lowering the weak retailer’s order quantity, i.e.,

qPM
2 < min

k=PR,NS,FS
qk

2, and transferring more unmet demand to the dominant retailer. When

only the dominant retailer is informed of the weak retailer’s demand information, the
dominant retailer orders the least amount of products, i.e., qPR

1 = min
k=NS,PR,PM,FS

qk
1. This is

because, under this format, the manufacturer charges the least wholesale price to the weak
retailer, i.e., wPR

2 = min
k=PR,PM,NS,FS

wk
2, thereby increasing the weak retailer’s order quantity,

i.e., qPR
2 = max

k=PR,PM,NS,FS
qk

2, and transferring less unmet demand to the dominant retailer.

From Proposition 1 and Proposition 2, the manufacturer (the weak retailer) makes the
same wholesale price decision (order quantity decision) under the “no information sharing”
format and the “partial sharing with the dominant retailer” format, i.e., wNS

2 = wPR
2 and

qNS
2 = qPR

2 . However, the dominant retailer’s order is less when only the dominant retailer
is informed of the weak retailer decision, i.e., qPR

1 < qNS
1 . This is because, under the “no

information sharing” format, the dominant retailer’s prediction accuracy of the initial
demand of the weak retailer is lower, i.e., δ > δ′, which improves the dominant retailer’s
order quantity to meet the relatively more uncertain market demand compared with the
“partial sharing with the dominant retailer” format.

5.2. The Effect of Information Sharing on Firms’ Profits

Proposition 4. In equilibrium, the weak retailer gains the highest equilibrium expected profit under
the “no information sharing” format and the “partial sharing with the dominant retailer” format,
and the lowest equilibrium expected profit under the “partial sharing with the manufacturer” format,
i.e., πPM

2 < πFS
2 < πNS

2 = πPR
2 .

Proposition 4 shows that the weak retailer prefers the “no information sharing” format
and the “partial sharing with the dominant retailer” format. Moreover, the retailer is
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least willing to partially share information with the upstream manufacturer. As Section 4
shows, the weak retailer knows the total demand he faces, and his equilibrium expected
profit depends on the wholesale price, determined by the manufacturer and his order
quantity. When faced with a lower wholesale price, the weak retailer will increase his
order quantity, and enjoy a lower marginal ordering cost, obtain more sales revenue, and
ultimately obtain the higher equilibrium expected profit. On the contrary, when faced
with a higher wholesale price, the weak retailer will decrease his order quantity, to enjoy
a higher marginal ordering cost and obtain less sales revenue, and ultimately obtain the
lower equilibrium expected profit. The implication of Proposition 4 is that the retailer
is worse off by sharing his private demand information to the upstream manufacturer
(discussed in [33]). This is because of the direct effect, i.e., the manufacturer’s use of better
information to seek more economic benefits and damage the interests of the retailer.

Proposition 5. In equilibrium, the manufacturer gains the highest equilibrium expected profit
under the “partial sharing with the manufacturer” format and the lowest equilibrium expected profit
under the “partial sharing with the dominant retailer” format, i.e., ΠPM > max

k=PR,NS,FS
Πk

1 and

ΠPR < max
k=PM,NS,FS

Πk
1.

Proposition 5 shows that the manufacturer prefers the “partial sharing with the man-
ufacturer” format, i.e., ΠPM > max

k=PR,NS,FS
Πk, because that the PM format enables the

manufacturer to earn more profit from the dominant retailer and more marginal gains from
the weak retailer. Specifically, under the PM format, the manufacturer sets the highest
wholesale price to the weak retailer, i.e., wPM

2 > max
k=PR,NS,FS

wk
2, it reduces the weak retailer’s

order quantity and increases unmet market demand, i.e., qPM
2 < min

k=PR,NS,FS
qk

2, which in

turn increases the dominant retailer’s order quantity, i.e.,qPM
1 > max

k=PR,NS,FS
qk

1. Moreover,

the manufacturer is least willing to partially share information with the dominant retailer
(PR), i.e., ΠPR < min

k=PM,NS,FS
Πk, because that the PR format enables the manufacturer to

earn less from profit from the dominant retailer and less marginal gains from the weak
retailer. Specifically, under the PR format, the manufacturer sets the lowest wholesale
price to the weak retailer, i.e., wPR

2 ≤ max
k=PM,NS,FS

wk
2, it increases the weak retailer’s order

quantity and decreases the unmet market demand, i.e., qPR
2 ≥ max

k=PM,NS,FS
qk

2, which in turn

decreases the dominant retailer’s order quantity, i.e., qPR
1 < max

k=PM,NS,FS
qk

1. The implication

of Proposition 5 is that the manufacturer is better off by receiving the downstream retailer’s
private information (discussed in [33]).

Proposition 6. In equilibrium, the dominant retailer gains a more equilibrium expected profit
under the “full information sharing” format than that under the “partial sharing with the dominant
retailer” format. Moreover, the dominant retailer gains a more equilibrium expected profit under the
“partial sharing with the dominant retailer” format than that under the “no information sharing”
format, i.e., πFS

1 > πPR
1 > πNS

1 .

Proposition 6 shows that the dominant retailer prefers the “full information sharing”
format than the “partial sharing with the dominant retailer” format. This is because
compared with the PR format, the FS format increases the manufacturer’s wholesale price
to the weaker retailer, i.e., wPR

2 < wFS
2 , thus reducing the order quantity of the weaker

retailer, i.e., qFS
2 < qPR

2 , and increasing the unmet demand transferred from the weaker
retailer. Moreover, the dominant retailer prefers the “partial sharing with the dominant
retailer” format than the “no information sharing” format. Recall that the manufacturer
(the weak retailer) makes the same wholesale price decision (order quantity decision) under
the “no information sharing” format and the “partial sharing with the dominant retailer”
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format, i.e., wNS
2 = wPR

2 and qNS
2 = qPR

2 . This shows that the understanding of information
is the reason why the dominant retailer gets a higher profit under the PR format. Specifically,
compared with the NS format, the dominant retailer has a more accurate understanding of
the demand information of the weak retailer under the PR format, thereby reducing the
loss caused by over ordering, i.e., qPR

1 < qNS
1 .

The implication of Proposition 6 is that when the dominant retailer is informed of the
demand information of the weak retailer, the dominant retailer also wants the manufacturer
to be informed of the demand information of the weak retailer. When the manufacturer is
uninformed of the demand information of the weak retailer, the dominant retailer wants
to be informed of the demand information of the weak retailer. Moreover, the dominant
retailer’s profit does not simply depend on his order quantity or the total demand faced by
him, but on the consistency between his order quantity and total demand faced by him.

5.3. The Effect of the Demand Substitution Rate

From Section 4, we learn that the demand substitution rate α affects the aggregate
demand of the dominant retailer, which in turn changes the manufacturer’s wholesale
price decision for the weaker retailer, and ultimately affects the weaker retailer’s ordering
decision. Therefore, the demand substitution rate can change the decisions and benefits
across all firms in the supply chain. We have the following results.

Corollary 1. ∂qk
1

∂α > 0, ∂qK
2

∂α < 0, ∂wk
2

∂α > 0, where k = FS, NS, PM, PR.

Corollary 1 shows that, regardless of the information sharing format, the dominant
retailer’s order quantity increases as the demand substitution rate increase, the weak
retailer’s order quantity decreases as the demand substitution rate increases, and the
wholesale price increases as the demand substitution rate increases. This is because the
higher demand substitution rate leads to the transfer of a more unmet demand from the
weak retailer to the dominant retailer, which increases the total demand faced by the
dominant retailer. Therefore, the dominant retailer will increase his order quantity to meet
the higher market demand. Knowing that the higher order quantity can be obtained from
the dominant retailer, the manufacturer tends to the obtain the higher profits by increasing
the wholesale price provided to the weak retailer, thus the weak retailer orders less quantity.

The intuition behind Corollary 1 is that in a supply chain of a manufacturer selling to
two asymmetric retailers engaged in inventory competition, the demand substitution rate
has an opposite effect on the inventory competitiveness of the two retailers.

Corollary 2. ∂Πk

∂α > 0, where k = FS, NS, PM, PR.

Corollary 2 shows that, regardless of the information sharing format, the manufac-
turer’s equilibrium expected profit increases as the demand substitution rate increases.
This is because a higher demand substitution rate increases the dominant retailer’s effec-
tive market demand, thus inducing that the manufacturer receives more orders from the
dominant retailer and sets a higher wholesale price to the weak retailer.

The implication behind the Corollary 2 is that the manufacturer prefers a higher
demand substitution rate to increase the dominant retailer’s order quantity and increase
marginal income from the weak retailer, thus increasing his sales revenue.

Corollary 3. ∂πK
2

∂α < 0, where k = FS, NS, PM, PR.

Corollary 3 shows that, regardless of the information sharing format, the weak re-
tailer’s equilibrium expected profit decreases as the demand substitution rate increases.
This is because a higher demand substitution rate increases the weak retailer’s order cost
and reduces his order quantity, thus decreasing the weak retailer’s profit.
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6. Conclusions
6.1. Main Findings

In this paper, we examine four information-sharing formats (no information sharing,
only sharing with the dominant retailer, only sharing with the manufacturer, and full
information sharing) in a supply chain where the manufacturers selling to two asymmetric
retailers engaged in inventory competition. The two competing retailers are asymmetric in a
marker power over demand and bargaining power over the wholesale price. We determine
the explicit solutions of the retailer’s equilibrium order quantity and the manufacturer’s
equilibrium wholesale price under four information-sharing formats.

We find that there is no difference in the retailers’ preference for no information sharing
and partial information sharing, since these two formats lower the wholesale price and
increase the weak retailer’s order quantity. Meanwhile, we show that the dominant retailer
prefers the “full information sharing” format than the “partial sharing with the dominant
retailer” format since the former format increases the manufacturer’s wholesale price to
the weaker retailer, thus reducing the order quantity of the weaker retailer and increasing
the unmet demand transferred from the weaker retailer. Moreover, the dominant retailer
prefers the “partial sharing with the dominant retailer” format than the “no information
sharing” format since the dominant retailer has a more accurate understanding of the
demand information of the weak retailer under the former format, thereby reducing the
loss caused by over ordering. The manufacturer prefers only sharing with the manufacturer
format, the main reason is that this increases the manufacturer’s wholesale price to the
weak retailer.

6.2. Implications Related to Sustainability

From the findings of this study, some implications for supply chain sustainability can
be concluded as follows.

First, with the development of advanced information technology, it is possible to
exchange information among members of the supply chain. In addition, information
technology is also a key driver of an efficient supply chain and contributes to the supply
chain sustainability. Specifically, digital twin, AI, 5G and other advanced technologies have
been well applied in the supply chain and promoted information sharing among supply
chain members. Therefore, when supply chain members decide on information sharing
strategy, it is necessary to consider the application of advanced technology to ensure the
efficient and secure transmission of information.

Second, this work also serves as a theoretical basis for the application of advanced in-
formation technology in the supply chain. The application of information systems requires
specific supply chain scenarios, which involve the number of supply chain members and
their relationships. In fact, supply chain managers should not only introduce advanced
information systems, but also consider the relations between supply chain members to
ensure the supply chain sustainability. This paper considers a common situation in reality,
that is, information sharing in a two-level supply chain with one manufacturer and two
asymmetric competing retailers, which provides a specific scenarios for the application of
information technology in the supply chain.

6.3. Future Directions

This work reveals some interesting directions for future work. First, we assume
that the unilateral demand switching for future research should investigate the impact of
bilateral demand switching as well. Second, this work considers a single-period model.
It will be interesting to investigate how ordering and pricing decisions change in a multi-
period model. Third, we assume the retailers have more market demand information and
focus their information sharing strategy of the downstream retailers. Nevertheless, in some
industries (e.g., fashion and apparel), large manufacturers have more market information.
It is worth considering the case when the upstream manufacturer has an information
advantage. Finally, in terms of the supply chain sustainability, although we have put
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forward some management insights, we lack to consider the measurement of the supply
chain sustainability. In future research, we can consider the impact of different information
sharing formats on the supply chain sustainability from the perspective of measurement.
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Appendix A

Proof of Lemma 1. Let w2 = pΦ(y). Apply this change of variable to the manufac-
turer’s profit (4), we have Π(w2|q1(w2, D2), q2(w2, D2) ) = w1

(
d1 + αδ

(
Φ−1

(
w1
p

)
− y
))

+

pΦ(y)(d2 + δy). Taking derivative of Π(w2|q1(w2, D2), q2(w2, D2) ) with respect to y, we

have
∂Π(w2|q1(w2, D2), q2(w2, D2) )

∂y
= pδΦ(y)

[
1− z(y)

(
d2
δ + y

)]
− αδw1. Since z(·) is an

increasing failure rate for an IFR distribution, i.e., ∂z(y)
∂y > 0. Thus,

Φ(y)
[
1− z(y)

(
d2
δ + y

)]
is decreasing in y. Hence, Π(w2|q1(w2, D2), q2(w2, D2) ) is con-

cave in y. Let ỹδ solves z(ỹδ)
(

d2
δ + ỹδ

)
= 1 and ŷδ solves pΦ(ŷδ)

[
1− z(ŷδ)

(
ŷδ +

d2
δ

)]
= αw1.

Thus, Φ(y)
[
1− z(y)

(
d2
δ + y

)]
is decreasing in y for y < ỹδ. Therefore, we can get

wNS
2 = pΦ(ŷδ) and ŷδ < ỹδ < 0. �

Proof of Lemma 2. Let w2 = pΦ(y). Apply this change of variable to the manufac-
turer’s profit (5), we have Π(w2|q1(w2, D2), q2(w2, D′2) ) = w1

(
d1 + αδ

(
Φ−1

(
w1
p

)
− y
))

+

pΦ(y)(d2 + δ′y). Taking derivative of Π(w2|q1(w2, D2), q2(w2, D′2) ) with respect to y, we

have
∂Π(w2|q1(w2,D2),q2(w2,D′2) )

∂y = pδ′Φ(y)
[
1− z(y)

(
d2
δ′ + y

)]
− αδw1. Since z(·) is an in-

creasing failure rate for an IFR distribution, i.e., ∂z(y)
∂y > 0. Thus, Φ(y)

[
1− z(y)

(
d2
δ′ + y

)]
is decreasing in y. Hence, Π(w2|q1(w2, D2), q2(w2, D′2) ) is concave in y. Let ỹδ′ solves

z(ỹδ′)
(

d2
δ′ + ỹδ′

)
= 1 and ŷδδ′ solves pδ′Φ(ŷδδ′)

[
1− z(ŷδδ′)

(
ŷδδ′ +

d2
δ′

)]
= αδw1. Thus,

Φ(y)
[
1− z(y)

(
d2
δ′ + y

)]
is decreasing in y for y < ỹδ′ . Therefore, we can get

wPM
2 = pΦ(ŷδδ′) and ŷδδ′ < ỹδ′ < 0. �

Proof of Lemma 3. Let w2 = pΦ(y). Apply this change of variable to the manufac-
turer’s profit (6), we have Π(w2|q1(w2, D′2), q2(w2, D′2) ) = w1

(
d1 + αδ′

(
Φ−1

(
w1
p

)
− y
))

+

pΦ(y)(d2 + δ′y). Taking derivative of Π(w2|q1(w2, D′2), q2(w2, D′2) ) with respect to y, we

have
∂Π(w2|q1(w2,D′2),q2(w2,D′2) )

∂y = pδ′Φ(y)
[
1− z(y)

(
d2
δ′ + y

)]
− αδ′w1. Since z(·) is an in-

creasing failure rate for an IFR distribution, i.e., ∂z(y)
∂y > 0. Thus, Φ(y)

[
1− z(y)

(
d2
δ′ + y

)]
is decreasing in y. Hence, Π(w2|q1(w2, D2), q2(w2, D′2) ) is concave in y. Let ŷδ′ solves

pΦ(ŷδ′)
[
1− z(ŷδ′)

(
ŷδ′ +

d2
δ′

)]
= αw1. Thus, Φ(y)

[
1− z(y)

(
d2
δ′ + y

)]
is decreasing in y for.

Therefore, we can get wFS
2 = pΦ(ŷδ′) and ŷδ′ < ỹδ′ < 0. �



Sustainability 2022, 14, 12848 17 of 21

Proof of Proposition 1. We first show ỹδ′ < ỹδ. From the fact that z(ỹδ)
(

ỹδ +
d2
δ

)
=

z(ỹδ′)
(

ỹδ′ +
d2
δ′

)
and z(ỹδ)

(
ỹδ +

d2
δ

)
< z(ỹδ)

(
ỹδ +

d2
δ′

)
, we have

z(ỹδ′)
(

ỹδ′ +
d2
δ′

)
< z(ỹδ)

(
ỹδ +

d2
δ′

)
. Since z(y)

(
y + d2

δ′

)
is increasing in y, we get ỹδ′ < ỹδ.

Next, we show ŷδδ′ < ŷδ′ < ŷδ < 0. From the proof of Lemma 2 and Lemma 3, we have
ŷδδ′ < ỹδ′ < 0 and ŷδ′ < ỹδ′ < 0. Since Φ(y)

[
1− z(y)

(
d2
δ′ + y

)]
is decreasing in y for y < ỹδ′

and pδ′Φ(ŷδ′)
[
1− z(ŷδ′)

(
ŷδ′ +

d2
δ′

)]
= αδ′w1 < αδw1 = pδ′Φ(ŷδδ′)

[
1− z(ŷδδ′)

(
ŷδδ′ +

d2
δ′

)]
,

we have ŷδ′ > ŷδδ′ . Note that
pδ′Φ(ŷδδ′)

[
1− z(ŷδδ′)

(
ŷδδ′ +

d2
δ′

)]
= αδw1 = pδΦ(ŷδ)

[
1− z(ŷδ)

(
ŷδ +

d2
δ

)]
and

pδ′Φ(ŷδδ′)
[
1− z(ŷδδ′)

(
ŷδδ′ +

d2
δ′

)]
< pδΦ(ŷδδ′)

[
1− z(ŷδδ′)

(
ŷδδ′ +

d2
δ

)]
, we have

Φ(ŷδ)
[
1− z(ŷδ)

(
ŷδ +

d2
δ

)]
< Φ(ŷδδ′)

[
1− z(ŷδδ′)

(
ŷδδ′ +

d2
δ

)]
. Since Φ(y)

[
1− z(y)

(
d2
δ + y

)]
is decreasing in y for y < ỹδ, ŷδδ′ < ỹδ′ < ỹδ, and ŷδ < ỹδ, we have ŷδ > ŷδδ′ . Note that
pΦ(ŷδ′)

[
1− z(ŷδ′)

(
ŷδ′ +

d2
δ′

)]
= αw1 = pΦ(ŷδ)

[
1− z(ŷδ)

(
ŷδ +

d2
δ

)]
and

pΦ(ŷδ′)
[
1− z(ŷδ′)

(
ŷδ′ +

d2
δ′

)]
< pΦ(ŷδ′)

[
1− z(ŷδ′)

(
ŷδ′ +

d2
δ

)]
. Thus,

Φ(ŷδ)
[
1− z(ŷδ)

(
ŷδ +

d2
δ

)]
< Φ(ŷδ′)

[
1− z(ŷδ′)

(
ŷδ′ +

d2
δ

)]
. Since Φ(y)

[
1− z(y)

(
d2
δ + y

)]
is decreasing in y for y < ỹδ, ŷδ′ < ỹδ′ < ỹδ, and ŷδ < ỹδ, we have ŷδ > ŷδ′ . As a result,
ŷδδ′ < ŷδ′ < ŷδ < 0. Recall that, wPR

2 = pΦ(ŷδ), wPM
2 = pΦ

(
ŷδ,δ′

)
, and wFS

2 = pΦ(ŷδ′).
Thus, wNS

2 = wPR
2 < wFS

2 < wPM
2 . �

Proof of Proposition 2. Recall that qNS
2 = d2 + δ′ŷδ, qPR

2 = d2 + δ′ŷδ′ , qPM
2 = d2 + δ′ŷδ,δ′ ,

and qFS
2 = d2 + δ′ŷδ′ . From the proof of Proposition 1, ŷδδ′ < ŷδ′ < ŷδ < 0, it is easy to get

that qPM
2 < qFS

2 < qNS
2 = qPR

2 . �

Proof of Proposition 3. Recall that qPR
1 = d1 + αδ′

(
Φ−1

(
w1
p

)
− ŷδ

)
,

qPM
1 = d1 + αδ

(
Φ−1

(
w1
p

)
− ŷδ,δ′

)
, qFS

1 = d1 + αδ′
(

Φ−1
(

w1
p

)
− ŷδ′

)
, and

qNS
1 = d1 + αδ

(
Φ−1

(
w1
p

)
− ŷδ

)
. From the proof of Proposition 1, ŷδδ′ < ŷδ′ < ŷδ < 0. Note

that δ′ < δ, it is easy to get that the dominant retailer orders the most under the “partial
sharing with the manufacturer” format and orders the least under the “partial sharing with
the dominant retailer” format, i.e., qPM

1 = max
k=NS,PR,PM,FS

qk
1 and qPR

1 = min
k=NS,PR,PM,FS

qk
1. �

Proof of Proposition 4. From Proposition 2, we get that qPM
2 = d2 + δ′ŷδ,δ′ . We assume that

d2 is sufficiently large, thus the order quantity of a weak retailer cannot be negative, i.e.,

d2 + δ′ŷδ,δ′ > 0. We have
∂

(
Φ(y)(d2+δ′y)−

∫ d2+δ′y
−∞ FD′2

(D)dD
)

∂y = φ(y)(d2 + δ′y) > 0 for y > ŷδ,δ′ .
Since ŷδδ′ < ŷδ′ < ŷδ, we have

Φ(ŷδ)(d2 + δ′ŷδ) −
∫ d2+δ′ ŷδ
−∞ FD′2

(D)dD > Φ(ŷδ′)(d2 + δ′ŷδ′) −
∫ d2+δ′ ŷδ′
−∞ FD′2

(D)dD and

Φ(ŷδ′)(d2 + δ′ŷδ′)−
∫ d2+δ′ ŷδ′
−∞ FD′2

(D)dD > Φ(ŷδδ′)(d2 + δ′ŷδδ′)−
∫ d2+δ′ ŷδδ′
−∞ FD′2

(D)dD. Re-

call that πNS
2 = pΦ(ŷδ)(d2 + δ′ŷδ) − p

∫ d2+δ′ ŷδ
−∞ FD′2

(D)dD,

πFS
2 = pΦ(ŷδ′)(d2 + αδ′ŷδ′) − p

∫ d2+δ′ ŷδ′
−∞ FD′2

(D)dD,

πPR
2 = pΦ(ŷδ)(d2 + δ′ŷδ) − p

∫ d2+δ′ ŷδ
−∞ FD′2

(D)dD, and πPM
2 = pΦ

(
ŷδ,δ′

)(
d2 + δ′ŷδ,δ′

)
−

p
∫ d2+δ′ ŷδ,δ′
−∞ FD′2

(D)dD, we have πPM
2 < πFS

2 < πNS
2 = πPR

2 . �
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Proof of Proposition 5. Note that pΦ(y)
[
1− z(y)

(
d2
δ′ + y

)]
δ′ < αw1δ′ for y > ŷδ′ and

∂
(

w1

(
d1+αδ′

(
Φ−1

(
w1
p

)
−y
))

+pΦ(y)(d2+δ′y)
)

∂y = −αw1δ′ + pΦ(y)
[
1− z(y)

(
d2
δ′ + y

)]
δ′, we have

∂
(

w1

(
d1+αδ′

(
Φ−1

(
w1
p

)
−y
))

+pΦ(y)(d2+δ′y)
)

∂y < 0 for y > ŷδ′ . Since ŷδ′ < ŷδ, we have

w1

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ′

))
+ pΦ(ŷδ′)

(
d2 + δ′ŷδ′

)
> w1

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ

))
+ pΦ(ŷδ)

(
d2 + δ′ŷδ

)
Thus, ΠFS > ΠPR. Note that pΦ(y)

[
1− z(y)

(
d2
δ′ + y

)]
δ′ < αw1δ for y > ŷδ,δ′ and

∂
(

w1

(
d1+αδ

(
Φ−1

(
w1
p

)
−y
))

+pΦ(y)(d2+δ′y)
)

∂y = −αw1δ + pΦ(y)
[
1− z(y)

(
d2
δ′ + y

)]
δ′, we have

∂
(

w1

(
d1+αδ

(
Φ−1

(
w1
p

)
−y
))

+pΦ(y)(d2+δ′y)
)

∂y < 0 for y > ŷδ,δ′ . Since ŷδ,δ′ < ŷδ, we have

w1

(
d1 + αδ

(
Φ−1

(
w1

p

)
− ŷδ,δ′

))
+ pΦ

(
ŷδ,δ′

)(
d2 + δ′ŷδ,δ′

)
> w1

(
d1 + αδ

(
Φ−1

(
w1

p

)
− ŷδ

))
+ pΦ(ŷδ)

(
d2 + δ′ŷδ

)
Thus, ΠPM > ΠNS. Moreover, since ŷδ,δ′ < ŷδ′ , we have

w1

(
d1 + αδ

(
Φ−1

(
w1

p

)
− ŷδ,δ′

))
+ pΦ

(
ŷδ,δ′

)(
d2 + δ′ŷδ,δ′

)
> w1

(
d1 + αδ

(
Φ−1

(
w1

p

)
− ŷδ′

))
+ pΦ(ŷδ′)(d2 + δŷδ′)

Note that

w1

(
d1 + αδ

(
Φ−1

(
w1

p

)
− ŷδ′

))
+ pΦ(ŷδ′)(d2 + δŷδ′) > w1

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ′

))
+ pΦ(ŷδ′)(d2 + δŷδ′)

we have

w1

(
d1 + αδ

(
Φ−1

(
w1

p

)
− ŷδ,δ′

))
+ pΦ

(
ŷδ,δ′

)(
d2 + δ′ŷδ,δ′

)
> w1

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ′

))
+ pΦ(ŷδ′)(d2 + δŷδ′)

Thus, ΠPM > ΠFS. Since δ′ < δ and ŷδ < 0, it is easy get that

w1

(
d1 + αδ

(
Φ−1

(
w1

p

)
− ŷδ

))
+ w2

(
d2 + δ′ŷδ

)
> w1

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ

))
+ pΦ(ŷδ)

(
d2 + δ′ŷδ

)
Thus, ΠNS > ΠPR. From the above, we get that the manufacturer gains the highest

equilibrium expected profit under partial sharing with the PM format and the lowest equilib-
rium expected profit under PR format, i.e., ΠPM > max

k=PR,NS,FS
Πk

1 and ΠPR < max
k=PM,NS,FS

Πk
1.

�

Proof of Proposition 6. From the assumptions of w1 ≤ p
2 , we have ŷδ′ < ŷδ < 0 <

Φ−1
(

w1
p

)
. Thus,

∂

(
(p− w1)

(
d1 + αδ′

(
Φ−1

(
w1
p

)
− y
))
− p
∫ d2+δ′Φ−1

(
w1
p )

d2+δ′y FD′2(D)dD

)
∂y

= −
(

pΦ(y)− pΦ
(

Φ−1
(

w1

p

)))
αδ′ < 0

if y < ŷδ. Then,

(p− w1)

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ′

))
− p

∫ d2+δ′Φ−1
(

w1
p )

d2+δ′ ŷδ′
FD′2 (D)dD > (p− w1)

(
d1 + αδ′

(
Φ−1

(
w1

p

)
− ŷδ

))
− p

∫ d2+δ′Φ−1
(

w1
p )

d2+δ′ ŷδ

FD′2 (D)dD
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Therefore, πFS
1 > πPR

1 .
Note that

πNR
1 − πPR

1 = (p− w1)α(δ− δ′)
(

Φ−1
(

w1
p

)
− ŷδ

)
− αp

∫ d2+δ′Φ−1
(

w1
p )−(δ−δ′)ŷδ

d2+δ′Φ−1
(

w1
p )

FD′2(D)dD.

According to the integral mean value theorem, there is exist
ξ ∈

[
d2 + δ′Φ−1

(
w1
p

)
, d2 + δ′Φ−1

(
w1
p

)
− (δ− δ′)ŷδ

]
such that∫ d2+δ′Φ−1

(
w1
p )−(δ−δ′)ŷδ

d2+δ′Φ−1
(

w1
p )

FD′2
(D)dD = FD′2

(ξ)(δ− δ′)
(

Φ−1
(

w1
p

)
− ŷδ

)
. Since

FD′2
(ξ) ≤ FD′2

(
d2 + δ′Φ−1

(
w1
p

))
= w1

p , we have

πNR
1 − πPR

1 =
(

pFD′2
(ξ)− w1

)
α(δ− δ′)

(
Φ−1

(
w1
p

)
− ŷδ

)
< 0. As a result, we have

πFS
1 > πPR

1 > πNS
1 . �

Proof of Corollary 1. Note that pΦ(ŷδ)
[
1− z(ŷδ)

(
ŷδ +

d2
δ

)]
= αw1. Since ŷδ < ỹδ and

Φ(y)
[
1− z(y)

(
y + d2

δ

)]
is decreasing in y for y < ỹδ, it is easy to get that ∂ŷδ

∂α < 0. Sim-

ilarly, we can get ∂ŷδ′
∂α < 0 and

∂ŷδ,δ′
∂α < 0. Therefore, we have ∂wNS

2
∂α = −pφ(ŷδ)

∂ŷδ
∂α > 0,

∂qNS
1

∂α = αδ
(

Φ−1
(

w1
p

)
− ŷδ

)
− α

∂ŷδ
∂α > 0 and ∂qNS

2
∂α = δ′ ∂ŷδ

∂α < 0. Similarly, we can get ∂qk
1

∂α > 0,
∂qK

2
∂α < 0, ∂wk

2
∂α > 0, where k = FS, PM, PR. �

Proof of Corollary 2. Since ΠFS = w1

(
d1 + αδ′

(
Φ−1

(
w1
p

)
− ŷδ′

))
+ pΦ(ŷδ′)(d2 + δ′ŷδ′),

we have ∂ΠFS

∂α = w1δ′
(

Φ−1
(

w1
p

)
− ŷδ′

)
> 0. Since

ΠNS = w1

(
d1 + αδ

(
Φ−1

(
w1
p

)
− ŷδ

))
+ pΦ(ŷδ)(d2 + δ′ŷδ), we have

∂ΠNS

∂α = w1δ
(

Φ−1
(

w1
p

)
− ŷδ

)
− αw1δ

∂ŷδ
∂α + pΦ(ŷδ)δ

′
[
1− z(ŷδ)

(
d2
δ′ + ŷδ

)]
∂ŷδ
∂α . Note that

∂δ
[
1−z(y)

(
d2
δ +y

)]
∂δ = 1 − z(y)y > 0 for y < 0. Since ŷδ < 0, we have

pΦ(ŷδ)δ
′
[
1− z(ŷδ)

(
d2
δ′ + ŷδ

)]
< pΦ(ŷδ)δ

[
1− z(ŷδ)

(
d2
δ + ŷδ

)]
= αw1δ. Thus,

∂ΠNS

∂α > w1δ
(

Φ−1
(

w1
p

)
− ŷδ

)
− αw1δ

∂ŷδ
∂α + αw1δ

∂ŷδ
∂α = w1δ

(
Φ−1

(
w1
p

)
− ŷδ

)
> 0. Since

ΠPM = w1

(
d1 + αδ

(
Φ−1

(
w1
p

)
− ŷδ,δ′

))
+ pΦ

(
ŷδ,δ′

)(
d2 + δ′ŷδ,δ′

)
,

∂ΠPM

∂α = w1δ
(

Φ−1
(

w1
p

)
− ŷδ,δ′

)
> 0. Note that

ΠPR = w1

(
d1 + αδ′

(
Φ−1

(
w1
p

)
− ŷδ

))
+ pΦ(ŷδ)(d2 + δ′ŷδ). We have

∂ΠPR

∂α
= w1δ′

(
Φ−1

(
w1

p

)
− ŷδ

)
+

{
pΦ(ŷδ)

[
1− z(ŷδ)

(
d2

δ′
+ ŷδ

)]
− pΦ(ŷδ′)

[
1− z(ŷδ′)

(
d2

δ′
+ ŷδ′

)]}
δ′

∂ŷδ

∂α

Since pΦ(y)
[
1− z(y)

(
d2
δ′ + y

)]
is decreasing in y and ŷδ > ŷδ′ , we have

pΦ(ŷδ)
[
1− z(ŷδ)

(
d2
δ′ + ŷδ

)]
− pΦ(ŷδ′)

[
1− z(ŷδ′)

(
d2
δ′ + ŷδ′

)]
< 0. Thus, ∂ΠPR

∂α > 0. �

Proof of Corollary 3. From the fact that d2 + δ′ŷδ′ > 0 and ∂ŷδ′
∂α < 0. Since

∂πFS
2

∂α = pφ(ŷδ′)(d2 + δ′ŷδ′)
∂ŷδ′
∂α , we have ∂πFS

2
∂α < 0. Similarly, we can get ∂πk

2
∂α < 0, where

k = NS, PM, PR. �
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