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Quantity-based or share-based?
Discount schemes

for the manufacturer when facing
two competing retailers

Wenhui Zhou and Hongmei Yang
School of Business Administration, South China University of Technology,

Guangzhou, China

Abstract

Purpose – The authors investigate the manufacturer’s choice of discount schemes in a supply chain with
competing retailers.
Design/methodology/approach – Using a game-theoretic model, the authors build two discount
frameworks and compare and analyze the effects of different discount schemes on the performance of
supply chain members.
Findings – The authors find that the retail price (market demand) in the quantity discount scheme is always
higher (lower) than that in themarket share discount scheme. The authors also find that the retailers’ preference
for discount schemes is antithetical to the manufacturer’s preference in most cases. However, under certain
conditions, there will be a win-win situation where Pareto-optimization occurs between the manufacturer and
retailers when they choose the same discount scheme.
Research limitations/implications – On the one hand, the authors assume that the two retailers are
symmetrical in market size and operation efficiency. It would be interesting to study the effect of different
discount schemes on retailers when the retailers have different market sizes or operating efficiency. On the other
hand, the authors study the manufacturer’s choice of discount schemes in a supply chain with one common
manufacturer and two competing retailers. However, in practice, there exist other supply chain structures. Future
research can examine the problem of choices of discount schemes in other different supply chain structures.
Practical implications – This paper help retailers and manufacturers to choose the best discount schemes.
Social implications –This paper suggests that a high discount scale is not always beneficial (detrimental) to
retailers (the manufacture).
Originality/value –The authors build two discount schemes (the quantity and the market share) in a supply
chain consisting of one manufacturer and two retailers, and the authors focus on the effects of different
discount schemes on the competition between two retailers. By comparing the two discount schemes, the
authors studywhich discount scheme is the better choice for themanufacturerwhen facing competing retailers.

Keywords Supply chain, Quantity discount scheme, Market share discount scheme, Market size

Paper type Research paper

1. Introduction
Over the past few years, due to the COVID-19 pandemic, many industries (e.g. automobile,
hotel, tourism and firms) have been hit hard and suffered significant losses, including the
remarkable drop in sales and the mass closure of retailers. For example, in the first half of
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2020, car sales volumes were 23% lower than those in the first half of 2019 in China, 43%
lower in Europe and 21% lower in the U.S. (Liang and Gu, 2021). Therefore, many
manufacturers are trying to boost sales by offering wholesale pricing discount schemes for
retailers. The quantity discount scheme (QD) has been used widely by manufacturers to
motivate their retailers to increase sales in many industries. Under the QD, if a retailer’s sale
reaches or exceeds a predetermined target quantity, the manufacturer will give him a rebate
to the marginal units beyond the target or to the entire purchase quantity. For instance, in
2018, Bavarianmotor works (BMW) stimulates its car dealers in China in terms of sales in the
third quarter, where the unit rebate was 18 thousand Renminbi (RMB) for cars made in China
and 10 thousand RMB for imported cars (Auto, 2018).

Moreover, in practice, a number of manufacturers also use the relative QD to stimulate
retailers to increase sales, in which the discount is based on a retailer’s relative quantity, i.e.
the share of the overall sales. Hereafter, we also call the market share discount mechanism.
Academics have devoted much attention to this practice in the last years, trying to provide a
good understanding of the profitability of the market share discount scheme (MS) (Mills,
2010; Inderst and Shaffer, 2010; Mantena and Saha, 2021). However, by far, most studies of
the MS assume that a retailer sells multiple manufacturers’ products. That is, the existing
literature focuses on the distribution channel in which multiple manufacturers sell their
products through a retailer. In this situation, the manufacturer ignores the competition of
retailers. The motivation for using the MS is that the manufacturer desires to keep its
competitors out of the market since increasing the manufacturer’s share of the retailer’s total
purchases has to necessarily come at the cost of reducing the competitor’s share.

Nevertheless, in the business market, there always exists more than one retailer in the same
region selling products from amanufacturer andwe observe that themanufacturer also prefers
to give them wholesale pricing discounts based on relative market share than absolute
quantity. For example, Sany Heavy Industry, whose excavator sales exceeded 100,000 units in
2021, contracts with its excavator retailers in a region, giving themwholesale pricing discounts
based on relative market share. Meanwhile, these retailers compete against each other in the
retail market. Therefore, it is important for themanufacturer to study the value of theMSwhen
facingmultiple competing retailers.A commonwise is that comparedwith theQD, theMShas a
possible advantage of strengthening the competition among retailers and helping the
manufacturer extracts higher profits from retailers. Unfortunately, the existing literature lacks
in terms of its focus on the test of this conjecture, as well as the study of the value of the MS in
the distribution channel with one manufacturer and multiple retailers. These are the focuses of
our study. Specifically, we attempt to answer the following research questions:Which discount
scheme is the better choice for the manufacturer when facing competing retailers, the quantity
discount or market share discount? How does the manufacturer’s choice of discount schemes
affect the performance of the two retailers and the whole supply chain? How do the discount
scale and the product’s market size affect the performance of supply chain numbers?

To answer the above research questions, we develop two-stage game models in terms of two
discount schemes in a supply chain consisting of one manufacturer and two competing retailers.
In each discount scheme, we assume that the manufacturer’s base wholesale price is the same for
both retailers and the final wholesale price decreases with the retailer’s quantity or market share.
Then, we figure out the optimal solutions, analyze and compare the optimal solutions of the
manufacturer and retailers in two discount schemes. Our analysis yields several notable findings.

Firstly, we find that the retailers’ profits decrease in the discount scale while the
manufacturer’s profit increases in the discount scale in both discount schemes, which is
counterintuitive and interesting. The reason could be that a high discount scale implies a high
weight of performance-based, making retailers’ competition much fiercer. It suggests that a
high discount scale is not always beneficial (detrimental) to retailers (the manufacturer).
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Secondly, we find that the retail price (market demand) in the QD is always higher (lower)
than that in theMS. This is because, in theMS, themanufacturer can use the discount scale as a
tool to intensify the market competition between two retailers and control their selling prices to
improve sales. This implies that compared to the QD, the MS is beneficial to consumers.

Thirdly,we find thatwhether or not selling through themarket share discountmechanismcan
be more beneficial to the manufacturer depends on the discount scale and the product’s market
size. If the product’s market size is large, or the product’s market size is small and the discount
scale is high, the profit of the manufacturer in the MS is higher than that in the QD, while the
results are reversed for retailers. That is, when the product’s market size is large, or the product’s
market size is small and the discount scale is high, two retailers tend to select a QD. Interestingly,
we find that there exist two different strategies of Pareto improvement, i.e.MS orQD. Specifically,
if the product’s market size is moderate (small) and the discount scale is relatively low (high), the
strategy of Pareto improvement is the market share (quantity) discount scheme.

The rest of the paper is organized as follows. In section 2, we review the literature related
to our paper. In section 3, we introduce the model setting and describe the equilibrium
solutions in section 4. Section 5 compares the performance of supply chain members in
different discount schemes. In section 6, we conclude the paper and provide future research
directions. All proofs of theorems and propositions are given in Appendix.

2. Literature and review
Our paper contributes to the literature on two research streams, including the QD and theMS
in operations management.

2.1 The quantity discount scheme in the supply chain
The QD has been extensively studied by scholars based on different economic rationales.
Some scholars study how to achieve price discrimination by using the QD (Buchanan, 1952;
Gabor, 1955; Dolan, 1987). Some scholars regard the QD as an efficiency-increasing scheme to
shift the inventory holding cost to buyers or to increase the logistics system efficiency in a
distribution channel (Jadidi et al., 2021; Jackson andMunson, 2016; Mansini et al., 2012; Sawik,
2010). And some scholars study channel coordination by QD, which is the most widely
studied. For example, Jeuland and Shugan (1983) are the first to study how to apply the QD to
coordinate the supply chain. Ingene and Parry (1995) introduce competing retailers to the
quantity discount literature. Chen and Roma (2010) study the retailers’ decision of whether to
purchase together to obtain lower wholesale prices under the QD. Yan et al. (2017) extend the
research of Chen and Roma (2010) to asymmetric retailers. Ahmadi et al. (2018) study the
effect of group purchasing on the healthcare supply chain under theQD. Heydari andMomeni
(2021) examine the two non-competing retailers’ coalition advantages and challenges in a
supply chain where the wholesaler offers an all-unit QD. Wu and Li (2021) explore the
inherent law of the quantity-discount-contract coordinating the supply chain with stochastic
market demand and price and the risk-averse supplier. Kwon et al. (2022) introduce a new the
quadratic quantity discount contract and study its unique properties by comparing it with
linear quantity discount and wholesale price contracts.

All the above research on the QD is focused on applying the scheme in new or existing
models to examine the rationales. Different from them, in this paper, we build two discount
schemes (the quantity and the market share) in a supply chain consisting of one
manufacturer and two retailers, and we focus on the effects of different discount schemes
on the competition between two retailers. By comparing the two discount schemes, we
study which discount scheme is the better choice for the manufacturer when facing
competing retailers.
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2.2 The market share discount scheme in operations management
Numerous scholars have analyzed the effect of the MS on the performance of firms. Most of
these scholars focus on exclusionary effects. For example, Tom et al. (1999) study the economics
of market share discount to motivate deals exclusively or nearly exclusively. Spector (2005)
reviews the procompetitive and anti-competitive motives for the market share discount and
finds that, compared with simple predatory pricing strategies; the market share discount can
achieve exclusion at a lower cost and be more credible. Chen and Shaffer (2014) find that an
incumbent seller can use the market share scheme to reduce the probability of entry by a rival.
Mills (2010) studies the trade-off between the exclusionary effect and the effect of inducing
selling effort. He finds that although market share discount may have exclusionary effects, it
also can induce downstream selling effort. Calzolari and Denicol�o (2020) use the discount-
attribution test to assess the competitive effects of loyalty discounts. Chen and Shaffer (2019)
compares exclusive dealing andmarket share contracts in a model of naked exclusion and find
that market share contracts are better at maximizing a seller’s benefit from foreclosure

Moreover, a few scholars study other reasons for employing the market share discount.
For example, Inderst and Shaffer (2010) find that compared with own-supplier contracts,
market share contracts can dampen simultaneously intra- and Interbrand competition.
Vassallo (2012) finds that eliminates the double marginalization problem, thereby
maximizing the joint profit in the supply chain while simultaneously increasing consumer
surplus. Mantena and Saha (2021) study the impact of the market share contract on demand
allocation, prices and welfare in a setting where a single central B2B buyer procures multiple
units of a product on behalf of a set of users with heterogeneous preferences.

The differences between our paper and the above literature are twofold as follows. On the
one hand, the above literature focuses on the distribution channel in which a retailer buys
substitutable products from different manufacturers. Therefore, the market share in the
above literature is interpreted as a manufacturer’s share of the retailer’s overall purchases.
Conversely, we focus on the competition of downstream retailers and consider a distribution
channel in which a manufacturer sells a product through two competing retailers. In this
situation, the market share is interpreted as a retailer’s share of the manufacturer’s total
quantity. On the other hand, given the extensive exploration of market exclusion in the
literature, we do not focus on this issue. Indeed, our paper focuses on the comparison between
the MS and the QD. Specifically, we try to study the effects of different discount schemes on
competing retailers and the choice of manufacturer between two discount schemes.

3. The mode
Consider a distribution channel (see Figure 1) where an upstream manufacturer can sell a
homogeneous good to end consumers through two homogenous and competing downstream
retailers. The firms are risk-neutral and maximize profits. Without loss of generality, we
assume that two homogenous retailers incur the same operating cost c in purchasing and
selling per unit of the product and the manufacturer’s production cost is normalized to zero,
which is also adopted in the literature of Chen and Roma (2010), Xiao et al. (2020) and Deng
et al. (2021).

Both homogenous retailers are indexed by i ∈ {1, 2} and j5 3� i. Retailer i’s demand, qi,
decreases with its own price pi and increaseswith the opponent’s price pj.We consider a linear
demand function

qi ¼ A� pi þ θ pj � pi
� �

(1)

where A is the market base and θ (θ ∈ [0, 1]) measures substitutability between two retailers
and reflects their competition intensity. There is no competition when θ 5 0. The above
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demand function is common in economic and marketing literature (see Li et al., 2021; Tian
et al., 2018; Abhishek et al., 2016).

To promote sales, the manufacturer may implement the absolute QD between itself and
retailers, which has been widely utilized as an incentive scheme in the supply chain (e.g.
Cachon and K€ok, 2010; Raju and Zhang, 2005). Following Ingene and Parry (1995) and Raju
and Zhang (2005),in the QD, the manufacturer’s final unit wholesale price decreases with the
increase of a retailer’s order quantity. We assume that the quantity discount function is

w qið Þ ¼ wq þ d

qi
(2)

wherewq> 0 is the base minimumwholesale price, which is decided by themanufacturer as a
decision variable in this paper. From (2), we find the manufacturer’s final wholesale price
consists of two parts: the first term is a base wholesale price, representing the minimum
wholesale price of the manufacturer. And the second term is the functionw(qi) for quantity qi,
implying that the final wholesale price w(qi) decreases with qi.

Moreover, the manufacturer is able to stimulate market sales by using the relative
quantity (market share) discount scheme (MS). In this paper, the MS is interpreted that the
manufacturer’s final unit wholesale price decreases in a retailer’s share of the manufacturer’s
total quantity. Different from the absolute QD, in the MS, the final wholesale price is the
function of retailer i’s share of overall sales instead of the function for the absolute quantity. In
this case, the unit wholesale price w(ri)is

w rið Þ ¼ wr þ d

ri
(3)

where ri is themarket share of retailer i, i.e. ri ¼ qi
qiþq3−i

d>0 is the discount scale under the two

discount schemes, reflecting how quickly the wholesale price decreases with the order
quantity or market share.

The manufacturer

Retailer 1 Retailer 2

Consumers

Competition

Wholesale price
w( ) w(r1)1 /q Order quantity 1q

Order quantity 2q
Wholesale price

Sale price 1p
Demand 
quantity 1q Sale price 2p

Demand 
quantity 2q

w(q2)/w(r2)

Figure 1.
The supply chain
structure
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The event sequence is as follows: the manufacturer, as a leader of the supply chain, first
decides the base wholesale price wq or wr, and afterward the two competing retailers, as the
followers of the supply chain, decide their selling price pi simultaneously and independently.

To ensure the market demand is non-negative, we assume that A � c > 0 in this paper.
Moreover, The QD and the MS are indexed by QD andMS, and we use the superscript QD*
and MS* denote the optimal solutions in the above two discount schemes, respectively.

We summarize the notations that will be used in this paper in Table 1.

4. Equilibrium
In this section, we derive the equilibriumprices, quantities and profits of firms in two discount
schemes. One is the QD, where the manufacturer’s final wholesale price given to retailer i
depends on the base wholesale pricewq and the retailer i’s selling quantity qi. The other is the
MS, in which themanufacturer’s final wholesale price given to retailer i is decided by the base
wholesale price wr and the retailer i’s market share ri.

4.1 Quantity discount scheme
We start with the scenario where the manufacturer offers to sell its product to two competing
retailers through a QD. Under QD, The manufacturer’s and the retailers’ profit functions are

ΠM ¼
X2

i¼1

w qið Þqi (4)

Πi ¼ pi � c� w qið Þð Þqi (5)

We analyze the problem by backward induction. At the final stage, given wq, the two
competing retailers independently and simultaneously determine their price pi by

maximizing (5). Denote pQD*i (i 5 1, 2) as the selling price of retailer i in equilibrium in QD,
which is characterized in the following Theorem.

Theorem 1. Given wq, there exists a unique pure-strategy Nash equilibrium (pQD*1 , pQD*2 )
for two retailers, which is given by

Notation Explanation

θ Coefficient of substitutability between two retailers
A The product’s market size
c The two homogenous retailers’ operating cost
d The discount scale in two discount schemes
w(qi) The manufacturer’s wholesale price in the quantity discount scheme
ri ri ¼ qi

qiþqj
, the market share of retailer i

w(ri) The manufacturer’s wholesale price in the market share discount scheme
qi The retailer i’s selling quantity, where i 5 1, 2
Πi, ΠM and ΠT The retailer i’s profit, manufacturer’s profit and supply chain’s profit, respectively

Decision variables
pi The retailer i’s price, where i 5 1, 2
wq The manufacturer’s base wholesale price in the quantity discount scheme
wr The manufacturer’s base wholesale price in the market share discount scheme

Table 1.
Notations
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�
p
QD*
1 ; pQD*2

�
¼ Aþ wq þ cð Þ 1þ θð Þ

θ þ 2
;
Aþ wq þ cð Þ 1þ θð Þ

θ þ 2

� �
:

It is clear that the selling price pQD*1 of retailer 1 is equal to the selling price pQD*2 of retailer 2
because of the symmetry of two retailers. Moreover, Theorem 1 shows that two retailers’
selling prices increase in both the market size A and the operating cost c, which is common
and intuitive. Because when the market size is large, the competition between two retailers
erodes, resulting in both retailers improving their prices to gain more profits, while a high
operating cost makes the retailer increase its selling price to offset the cost.

Now we study what base wholesale price will be set by the manufacturer anticipating the

retailers’ price pQD*i . By putting p
QD*
1 and p

QD*
2 into ΠM, the manufacturer’s profit function

becomes

ΠM ¼ −2 θ þ 1ð Þw2
q þ 2ðA� cÞðθ þ 1Þwq þ 2dðθ þ 2Þ

θ þ 2
(6)

The following Theorem characterizes the manufacturer’s optimal pricing decision in QD.

Theorem 2. In the QD, the optimal base wholesale price set by the manufacturer is

wQD*
q ¼ A� c

2
:

Theorem 2 shows that themanufacturer’s base wholesale price increases in themarket sizeA
while decreases in the retailer’s operating cost c. Because a large market size helps the
manufacturer improve its price to gain more profits. While when the operating cost is high,
the manufacturer should decrease its wholesale price to incentive retailers to sell products.

From Theorems 1 and 2, we also find that the quantity discount scale has no influence on
the manufacturer’s and retailers’ pricing decisions, implying that the QD cannot be used as a
tool to adjust the pricing decisions and the consumers also cannot benefit from the QD.

Denote qQD*i , wQD*
i , ΠQD*

M , ΠQD*
i , and ΠQD*

T as the retailer i’s optimal selling quantity, the
manufacturer’s optimal final wholesale price, themanufacturer’s optimal profit, the retailer i’s
optimal profit, and the corresponding supply chain profit under QD, which are shown in
Table 2.

4.2 Market share discount scheme
We now consider the scenario where the manufacturer offers to sell its product to two
competing retailers through a MS. Under MS, the manufacturer’s final wholesale price w(ri)
depends on the base wholesale price wr and the retailer i’s market share ri.
The manufacturer’s and the retailers’ profit functions are

ΠM ¼
X2

i¼1

w rið Þqi (7)

Πi ¼ pi � c� w rið Þð Þqi (8)

Analogous to the solving process under QD, we solve the problem by backward induction. At
the final stage, givenwr, the retailers independently and simultaneously determine their price
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pi bymaximizing (8). Denote pMS*
i (i5 1, 2) as the selling price of retailer i in equilibrium inMS,

which is characterized in the following Theorem.

Theorem 3. Given wr, there exists a unique pure-strategy Nash equilibrium (pMS*
1 , pMS*

2 )
for two retailers, which is given by�

p
MS*
1 ; pMS*

2

�
¼ Aþ θ þ 1ð Þ cþ wrð Þ þ d

θ þ 2
;
Aþ θ þ 1ð Þ cþ wrð Þ þ d

θ þ 2

� �
:

Similar to Theorem 1, Theorem 3 shows intuitively that the two retailers’ selling prices increase
in both the market sizeA and the operating cost c in MS. The reasons are the same as those in
Theorem 1. However, different fromTheorem 1, we find fromTheorem3 that the discount scale
has an influence on the retailers’ pricing decisions in MS. Specifically, two retailers’ selling
prices decrease in the discount scale, which implies that the consumers can benefit from theMS.

Now we characterize the equilibrium of the manufacturer’s base wholesale price in MS.

By putting p
MS*
1 and p

MS*
2 into (7), the manufacturer’s profit function becomes

ΠM ¼ −2 θ þ 1ð Þw2
r þ 2 A� cð Þ θ þ 1ð Þ � 3þ 2θð Þbð Þwr þ 4 A� cð Þ θ þ 1ð Þ � bð Þb

2þ θ
(9)

The following Theorem characterizes the manufacturer’s optimal pricing decision.

Theorem 4. In the MS, the optimal base wholesale price set by the manufacturer is

wMS*
r ¼ 1þ θð Þ A� cð Þ � 2θ þ 3ð Þd

2 1þ θð Þ :

Theorem 4 shows that the manufacturer’s base wholesale price increases in the product’s
market size A while decreases in the retailer’s operating cost c in MS, which are the same as
the results in Theorem 2.Moreover, Theorem 4 shows that themanufacturer’s basewholesale
price decreases in the discount scale, implying that there exists a substitution relation
between the base wholesale price and the discount scale in MS.

Denote qMS*
i , wMS*

i , ΠMS*
M , ΠMS*

i , and ΠMS*
T as the retailer i’s optimal selling quantity, the

manufacturer’s optimal finalwholesale price, themanufacturer’s optimal profit, retailer i’s optimal
profit and the corresponding supply chain profit under MS, which also are shown in Table 2.

QD MS

p*i
ð3þθÞAþð1þθÞc

2ðθþ2Þ
ðθþ3ÞAþðθþ1Þc− ð2θþ1Þd

2ðθþ2Þ
q*i

ðA− cÞð1þθÞ
2ð2þθÞ

ð1þθÞðA− cÞþð2θþ1Þd
2ð2þθÞ

Π*i
ðθþ1ÞðA− cÞ2

4ðθþ2Þ2 − d
ððθþ1ÞðA− cÞþð2θþ1ÞdÞððθþ1ÞðA− cÞ− ð2θþ1Þð2θþ3ÞdÞ

4ðθþ2Þ2ðθþ1Þ

w*q (w
*
r )

A− c
2

ð1þθÞðA− cÞ− ð2θþ3Þd
2ð1þθÞ

w*i
A− c
2 þ 2ðθþ2Þd

ð1þθÞðA− cÞ
ðθþ1ÞðA− cÞþð2θþ1Þd

2ðθþ1Þ
Π*M ¼ ðθþ1ÞðA− cÞ2

2ð2þθÞ þ 2d ðð1þθÞðA− cÞþð2θþ1ÞdÞ2
2ðθþ1Þð2þθÞ

Π*T
ðθþ3Þðθþ1ÞðA− cÞ2

2ðθþ2Þ2
ðθþ1Þðθþ3ÞðA− cÞ2þ2ð2θþ1ÞðA− cÞd− ð2θþ1Þ2d2

2ðθþ2Þ2

Table 2.
Equilibrium solutions

under QD and MS
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5. Comparison and analyzation of QD and MS
On the basis of equilibrium results in Sections 4.1 and 4.2, in this section, we first study the
effects of competition intensity and discount scale on the profits of supply chain members.
Then, we compare the equilibrium solutions of two schemes (QD and MS), so as to provide
theoretical references for firms choosing discount scheme in practice.

Proposition 1.
vΠj*

i

vθ < 0,
vΠj*

M

vθ > 0, where i 5 1, 2, and j∈ MS;QDf g.
Proposition 1 shows the effect of competition intensity on the retailers’ and the
manufacturer’s profits in two discount schemes. The retailers’ profits decrease in the
competition intensity while the manufacturer’s profit increases in the competition intensity
under both QD and MS, which is consistent in much literature (Chen and Roma, 2010; Liang
and Gu, 2021). The reason is that a higher competition level leads to the lower retail price and
higher demand, which results in lower retailers’ profits and higher manufacturer’s profit.

Figure 2 depicts intuitively the results shown in Proposition 1. Moreover, we can find from
Figure 2 that the sensitivities of retailers’ and the manufacturer’s profits to the competition
intensity are different in the two discount schemes. Specifically, in the MS, two retailers’
profits drop faster while themanufacturer’s profit rises faster than those in QD, implying that
the profits of two retailers and the manufacturer are more sensitive to the competition
intensity in MS. Therefore, when the competition between downstream retailers is fierce, the
manufacturer prefers to adopt MS while two retailers prefer to QD.

Proposition 2.
vΠj*

i

vd
< 0,

vΠj*
M

vd
> 0, where i 5 1, 2, and j∈ MS;QDf g.

Proposition 2 shows the effect of the discount scale d on the profits of retailers and the
manufacturer in two discount schemes. We can find interestingly that the retailers’ profits
decrease in the discount scale dwhile themanufacturer’s profit increases in the discount scale
d in QD and MS. Intuitively, a higher discount scale benefits retailers and hurts the
manufacturer. However, in our paper, we discover that the results reverse. The reasons are as
follows. In QD, the selling price pi and themarket demand qi remain constant with the d, while
the manufacturer’s wholesale price wi increases with the d. Then the manufacturer (retailers)
gets (get) a higher (lower) profit(s) with a higher value of d. But in MS, the retail price (market
demand) decreases (increases) in d, and the benefits of increased market demand cannot
offset the loss caused by the decrease of the retail price. Then a higher d hurts two competing
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retailers. However, for the manufacturer, the wholesale price also increases in d, which leads
to the profit of the manufacturer increases in d.

Figure 3 illustrates the above results. Furthermore, Figure 3 also depicts the sensitivities
of the manufacturer’s and retailers’ profits to the discount scale. Although two retailers’
profits decrease in the discount scale in two discount schemes, we find that the profits of two
retailers decrease in the discount scale at a slower speed in QD compared with in MS.
Similarly, the manufacturer’s profit increases in the discount scale at a slower speed in QD
compared with in MS. This reveals that ceteris paribus, the manufacturers should choose the
discount scheme according to the discount scale. The manufacturers who provide discounts
with high discount scale in practice should adopt MS rather than QD to gain more profits.

Proposition 3. (i) wQD*
q > wMS*

r ; (ii) pQD*i > p
MS*
i ; (iii) qQD*i < q

MS*
i .

Proposition 3 and Figure 4 depict the relationships of the optimal base wholesale price, retail
prices and order quantities under two discount schemes. Proposition 3(i) shows that the
optimal basewholesale price in QD is always higher than that inMS. The reason is that inMS,
the manufacturer can use the discount scale to regulate the wholesale price, which is not
implemented in QD (Figure 4(a)). In other words, there exists a substitution relation between
the base wholesale price and the discount scale inMS. Themanufacturer can offset the loss of
decreasing the base wholesale price by increasing the discount scale because the final
wholesale price and profit increase with the increase of the discount scale.From Proposition
3(ii) and (iii), we find that the selling price in QD is always higher than that in MS, while the
market demand in QD is always lower than that in MS, implying that MS strengthens the
competition between retailers. This is because the manufacturer can use the discount scale as
a tool to control selling prices of its downstream retailers to improve sales in MS than in QD.
As shown in Figure 4(b), when the discount scale is zero, the selling prices of retailers in QD
are equal to that in MS. While with the increase of the discount scale, the selling prices of
retailers in QD (MS) remain constant (decrease), resulting in that retailers’ selling prices inMS
lower than that in QD. Obviously, the decrease of selling price leads to the increase of order
quantity in MS (Figure 4(c)).

Proposition 4.

(1) If A≥ bA, or c < A < bA and d > dR, Π
QD*
i > ΠMS*

i ;
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(2) If c < A < bA and 0 < d ≤ dR , ΠQD*
i ≤ΠMS*

i , where bA ¼ cþ 2 θþ2ð Þ2
θþ1ð Þ 2θþ1ð Þ;

dR ¼ 4 θþ1ð Þ θþ2ð Þ2 − 2 θþ1ð Þ2 2θþ1ð Þ A− cð Þ
2θþ1ð Þ2 2θþ3ð Þ .

Proposition 4 and Figure 5 show the relationships of the retailers’ profits under two discount
schemes. We can find that which discount scheme benefits retailers depends on the discount
scale d and the product’s market size A. Specifically, Proposition 4(i) reveals that when the
product’s market size is large, or the product’s market size is small and the discount scale is
high, two retailers tend to select QD. However, when the product’smarket size is small and the
discount scale is low, MS becomes the more favorable choice of the two retailers
(Proposition 4(ii)).

The explanations are as follows. If the product’s market size is large, consumers are not
sensitive to price and two retailers can set high selling price. Moreover, fromProposition 3, we
obtain that the retailers’ selling price in QD is higher than that in MS. Therefore, compared to
low price in MS, two retailers can benefit from high price in QD.
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However, when the product’smarket size is small, which discount scheme is better to retailers
depends on the discount scale.When the discount scale is high two retailers get higher profits
in QD than that in MS. This is because, from the equilibrium solutions shown in Table 2, we
can observe intuitively that the retailers’ profits decrease in discount scale at a constant speed
(i.e. 1) in QD while the decreasing rate of retailers’ profits shows an accelerating tendency in
MS with the increase of discount scale. If the product’s market size is small and the discount
scale is high, for two retailers, the benefits of low price cannot offset the loss caused by
decreased profits in MS, and vice versa.

Proposition 5.

(1) If A≥A , or c < A < A and d > dM, Π
QD*
M < ΠMS*

M ;

(2) If c < A < A and 0 < d ≤ dM, ΠQD*
M ≥ΠMS*

M , where A ¼ cþ 2 θþ2ð Þ
2θþ1ð Þ,

dM ¼ 4 θþ1ð Þ θþ2ð Þ− 2 2θþ1ð Þ θþ1ð Þ A− cð Þ
2θþ1ð Þ2 .

Proposition 5 depicts relationships of the manufacturer’s profit under two discount schemes
in different parameter ranges. We find that if the product’s market size is large, or the
product’s market size is small and the discount scale is high, the profit of the manufacturer in
MS is higher than that in QD. Conversely, if the product’s market size is small and the
discount scale is low, the profit of the manufacturer in MS is lower than that in QD. The
results in Proposition 5 can be pictorially shown in Figure 6.
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The interpretation of the above results is as follows. From Proposition 3, we obtain that the
manufacturer’s optimal base wholesale price in QD is always higher than that in MS and the
total order quantity in QD is also lower than that in MS. When the product’s market size is
large, the benefits of increased order quantities can offset the loss caused by double
marginalization in MS. Thus, the manufacturer gains a higher profit in MS than in QD. But
when the product’s market size is small, whether or not the manufacturer’s profit in QD is
higher than that in MS depends on the discount scale. If the discount scale is high, the
manufacturer’s profit inMS is also higher than that in QD, and if the discount scale is low, the
relations reverse. This is because, from the Proposition 2 and Figure 3, we can observe
intuitively that the manufacturer’s profits in two discount schemes increase in the discount
scale, but the manufacturer’s profit increases in the discount scale at a faster speed in MS
compared with in QD.

From Propositions 4 and 5, we find that the retailers’ and the manufacturer’s choice of
discount schemes maybe conflict with each other. Now we explore whether there exists the
possibility of Pareto improvement between supply chain members.

Proposition 6.

(1) When A∈ A0; bA�h
, and d∈ dM ; dR½ �, MS is the strategy of pareto improvement.

(2) When A∈ c;A0� �
, and d∈ dR; dM½ �, QD is the strategy of pareto improvement, where

A0 ¼ cþ 2 θþ1ð Þ
2θþ1 .

The results of Proposition 6 are shown in Figure 7. From the Proposition 6 and Figure 7, we
find that there exist two different strategies of Pareto improvement: MS or QD. Specifically, if

the product’s market size is moderate ðA∈ A0; bA�Þh
and the discount scale is relatively low

ðd∈ dM ; dR½ �Þ, there exists a win-win situation in which the manufacturer and retailers all
choose the MS because their profits in MS are higher than that in QD. However, if the
product’s market size is small (A∈ c;A0� �

) and the discount scale is relatively high
ðd∈ dR; dM½ �Þ, the QD becomes the more favorable choices of the manufacturer and retailers.
The reasons are the same as those in Propositions 4 and 5.

Proposition 7.

(1) If c < A < cþ 2θþ1ð Þd
2 , ΠQD*

T > ΠMS*
T ;

(2) If A≥ cþ 2θþ1ð Þd
2 , ΠQD*

T ≤ΠMS*
T , where Πj*

T ¼ Πj*
M þP2

i¼1

Πj*
i , i 5 1, 2, and

j∈ MS;QDf g.
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Proposition 7 demonstrates the relationships of the optimal total profits of the supply chain in
different discount schemes. From Proposition 7, we find that the total profit of the supply
chain inQD is larger than that inMS if the product’smarket size is small. However, the supply
chain is more likely to benefit from MS rather than QD if the product’s market size is large.
The reason is that when the product’s market size is small, the profit increased by the
manufacturer can offset the profits decreased by two competing retailers in QD. Then it is
straightforward to see that the total profit of the supply chain is higher in QD than inMS. The
reasons are the same when the product’s market size is large. The results in Proposition 7 are
shown in Figure 8.

6. Conclusions, managerial implications and future research
In this paper, we study the problem of the manufacturer’s choice of discount schemes in a
supply chain composed of a manufacturer and two competing retailers. We develop a
quantity or market share discount framework and identify competition intensity, discount
scale and the market size as the key performance drivers. The key findings with managerial
implications are summarized below.

(1) Finding 1: Compared to the QD, the MS leads to lower selling prices and higher sale
quantities.

Managerial implication 1: This finding implies that the MS intensifies the market
competition between retailers. Moreover, the consumers can benefit from the MS compared
with the QD.

(2) Finding 2: Intuitively, retailers can benefit from a high discount scale, so they are
willing to accept the price discount offered by the manufacturer. However, we find
that the two retailers’ profits decrease in the discount scale while the manufacturer’s
profit increases in the discount scale.

Managerial implication 2: This finding is a warning to retailers that indiscriminately
accepting a high price discount may result in a loss of profit. Moreover, for the manufacturer,
if its wholesale price is nonlinear decline in the retailer’s order quantity or market share, it can
increase profit by improving the discount scale.
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(3) Finding 3: We find that which discount scheme is a better choice for the
manufacturer depends on the discount scale and the product’s market size. If the
product’s market size is large, or the product’s market size is small and the discount
scale is high, the profit of the manufacturer in the MS is higher than that in the QD,
while the results are reversed for retailers.

Managerial implication 3: This finding suggests that when the manufacturer plans to
introduce a discount scheme to its downstream retailers, it should consider the discount scale
and the product’s market size. If the product’s market size is large, or the product’s market
size is small and the discount scale is high, theMS is a better choice. Otherwise, the QDmakes
the manufacturer better off.

(4) Finding 4:We find that under certain conditions, themanufacturer and two retailers
can achieve a win-win situation by using the same discount scheme. Specifically, if
the product’s market size is moderate (small) and the discount scale is relatively low
(high), the strategy of Pareto improvement is the market share (quantity) discount
scheme.

Managerial implication 4: This finding tells the manufacturer and retailers that they can
achieve a win-win situation by using the same discount scheme under some conditions.

This paper has a few limitations. On the one hand, we assume that the two retailers are
symmetrical inmarket size and operation efficiency. It would be interesting to study the effect
of different discount schemes on retailers when the retailers have different market sizes or
operating efficiency. On the other hand, we study the manufacturer’s choice of discount
schemes in a supply chain with one common manufacturer and two competing retailers.
However, in practice, there exist other supply chain structures, such as the supply chain with
two competing manufacturers selling their products through their own retailers. Future
research can examine the problem of choices of discount schemes in other different supply
chain structures.
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Appendix
Proof of Theorem 1:

The derivative of Π1 with respect to p1 gives

vΠ1

vp1
¼ A� 2 1þ θð Þp1 þ θp2 þ cþ wqð Þ 1þ θð Þ (A1)

And the derivative of Π2 with respect to p2 gives

vΠ2

vp2
¼ A� 2 1þ θð Þp2 þ θp1 þ cþ wqð Þ 1þ θð Þ (A2)

Thus, applying the first-order condition, we have

p
QD*
1 p2ð Þ ¼ Aþ θp2 þ wq þ cð Þ 1þ θð Þ

θ þ 1
; pQD*2 p1ð Þ ¼ Aþ θp1 þ wq þ cð Þ 1þ θð Þ

θ þ 1
:

Then we obtain the equilibrium by solving these two equations simultaneously.

Proof of Theorem 2:
Taking the first derivative of Eq. (6) with respect to wq gives

vΠM

vwq

¼ 2ðθ þ 1ÞðA� c� 2wqÞ
θ þ 2

(A3)

Thus, applying the first-order condition, we have wQD*
q ¼ A− c

2 .

By plugging wQD*
q into pQD*1 and pQD*2 in Theorem 1, we can get the retailers’ optimal retail prices are

p
QD*
1 ¼ p

QD*
2 ¼ 3þ θð ÞAþ 1þ θð Þc

2 θ þ 2ð Þ (A4)

Then, putting wQD*
q , pQD*1 and p

QD*
2 into Equations (1)-(5), we get the equilibriums of retailer i’s selling

quantity, the manufacturer’s final wholesale price and profits of retailers, the manufacturer and the
whole supply chain in QD, which are shown in Table 2.
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q
QD*
i ¼ ðA� cÞð1þ θÞ

2ð2þ θÞ ;

w
QD*
i ¼ A� c

2
þ 2ðθ þ 2Þd
ð1þ θÞðA� cÞ;

ΠQD*
i ¼ ðθ þ 1ÞðA� cÞ2

4ðθ þ 2Þ2 � d;

ΠQD*
M ¼ ðθ þ 1ÞðA� cÞ2

2ð2þ θÞ þ 2d;

ΠQD*
T ¼ ðθ þ 3Þðθ þ 1ÞðA� cÞ2

2ðθ þ 2Þ2 :

(A5)

Proof of Theorem 3:
The derivative of Π1 with respect to p1 gives

vΠ1

vp1
¼ A� 2 1þ θð Þp1 þ θp2 þ cþ wrð Þ 1þ θð Þ þ d (A6)

And the derivative of Π2 with respect to p2 gives

vΠ2

vp2
¼ A� 2 1þ θð Þp2 þ θp1 þ cþ wrð Þ 1þ θð Þ þ d (A7)

Thus, applying the first-order condition, we have

p
MS*
1 p2ð Þ ¼ Aþ bþ θp2 þ wr þ cð Þ 1þ θð Þ

2ðθ þ 1Þ ; pMS*
2 p1ð Þ ¼ Aþ bþ θp1 þ wr þ cð Þ 1þ θð Þ

2ðθ þ 1Þ: :

Then we obtain the equilibrium by solving these two equations simultaneously.

Proof of Theorem 4:
Taking the first derivative of Equation (9) with respect to wr gives

vΠM

vwr

¼ 2ðθ þ 1ÞðA� c� 2wrÞ � 2ð2θ þ 3Þb
θ þ 2

(A8)

Thus, applying the first-order condition, we have wMS*
r ¼ ð1þθÞðA− cÞ− ð2θþ3Þd

2ð1þθÞ .

By pluggingwMS*
r into pMS*

1 and pMS*
2 in Theorem 1, we can get the retailers’ optimal retail prices are

p
MS*
1 ¼ p

MS*
2 ¼ θ þ 3ð ÞAþ θ þ 1ð Þc� 2θ þ 1ð Þd

2 θ þ 2ð Þ (A9)

Then, PuttingwMS*
r , pMS*

1 and pMS*
2 into Equations (1), (3), (7) and (8), we get the equilibriums of retailer i’s

selling quantity, the manufacturer’s final wholesale price and profits of retailers, the manufacturer and
the whole supply chain in MS, which are shown in Table 2.
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q
MS*
i ¼ ð1þ θÞðA� cÞ þ ð2θ þ 1Þd

2ð2þ θÞ ;

w
MS*
i ¼ ðθ þ 1ÞðA� cÞ þ ð2θ þ 1Þd

2ðθ þ 1Þ ;

ΠMS*
i ¼ ððθ þ 1ÞðA� cÞ þ ð2θ þ 1ÞdÞððθ þ 1ÞðA� cÞ � ð2θ þ 1Þð2θ þ 3ÞdÞ

4ðθ þ 2Þ2ðθ þ 1Þ ;

ΠMS*
M ¼ ðð1þ θÞðA� cÞ þ ð2θ þ 1ÞdÞ2

2ðθ þ 1Þð2þ θÞ ;

ΠMS*
T ¼ ðθ þ 1Þðθ þ 3ÞðA� cÞ2 þ 2ð2θ þ 1ÞðA� cÞd � ð2θ þ 1Þ2d2

2ðθ þ 2Þ2 :

(A10)

Proof of Proposition 1:
According to Equations (A5) and (A10), we have

vΠQD*
i

vθ
¼ −

A� cð Þ2θ
4 θ þ 2ð Þ3 < 0;

vΠQD*
M

vθ
¼ A� cð Þ2

2 θ þ 2ð Þ2 > 0;

vΠMS*
i

vθ
¼ � θ þ 1ð Þ2θ A� cð Þ2 � 2 θ þ 1ð Þ2 5θ þ 4ð Þ A� cð Þb� 2θ þ 1ð Þ 10θ2 þ 25θ þ 16

� �
b
2

4 θ þ 1ð Þ2 θ þ 2ð Þ2 < 0;

vΠMS*
M

vθ
¼ θ þ 1ð Þ A� cð Þ þ 4θ þ 5ð Þbð Þ θ þ 1ð Þ A� cð Þ þ 2θ þ 1ð Þbð Þ

2 θ þ 1ð Þ2 θ þ 2ð Þ2 > 0:

Proof of Proposition 2:
According to Equations (A5) and (A10), we have

vΠQD*
i

vd
¼ −1 < 0;

dΠQD*
M

dd
¼ 2 > 0;

vΠMS*
i

vd
¼ −

2θ þ 1ð Þ θ þ 1ð Þ2 A� cð Þ þ 2θ þ 1ð Þ 2θ þ 3ð Þd
� �

θ þ 1ð Þ θ þ 2ð Þ2 < 0;

vΠMS*
M

vd
¼ 2θ þ 1ð Þ θ þ 1ð Þ A� cð Þ þ 2θ þ 1ð Þdð Þ

θ þ 1ð Þ θ þ 2ð Þ > 0:

Proof of Proposition 3:

Comparing wQD*
q and wMS*

r , we can derive wQD*
q −wMS*

r ¼ 2θ þ 3ð Þd=2 θ þ 1ð Þ > 0. Similarly,

p
QD*
i − p

MS*
i ¼ 2θ þ 1ð Þd=2 θ þ 2ð Þ > 0; and q

QD*
i − q

MS*
i ¼ − 2θ þ 1ð Þd=2 θ þ 2ð Þ < 0.

MSCRA
5,1

68



Proof of Proposition 4:

Comparing ΠQD*
Ri and ΠMS*

Ri , we have

ΠQD*
Ri � ΠMS*

Ri ¼
2θ þ 1ð Þ2 2θ þ 3ð Þd � 4 θ þ 1ð Þ θ þ 2ð Þ2 þ 2 θ þ 1ð Þ2 2θ þ 1ð Þ A� cð Þ

� �
d

4 θ þ 1ð Þ θ þ 2ð Þ2 ;

whose sign depends on d:

(1) If d > 4 θþ1ð Þ θþ2ð Þ2 − 2 θþ1ð Þ2 2θþ1ð Þ A− cð Þ
2θþ1ð Þ2 2θþ3ð Þ , ΠQD*

Ri > ΠMS*
Ri ;

(2) If d≤ 4 θþ1ð Þ θþ2ð Þ2 − 2 θþ1ð Þ2 2θþ1ð Þ A− cð Þ
2θþ1ð Þ2 2θþ3ð Þ , ΠQD*

Ri ≤ΠMS*
Ri .

Furthermore, note that d> 0 in our paper. Let dR ¼ 4 θþ1ð Þ θþ2ð Þ2 − 2 θþ1ð Þ2 2θþ1ð Þ A− cð Þ
2θþ1ð Þ2 2θþ3ð Þ . Then when dR> 0, i.e.

A < cþ 2 θþ2ð Þ2
θþ1ð Þ 2θþ1ð Þ, there exists a d satisfied d > dR > 0, making ΠQD*

Ri > ΠMS*
Ri . When dR ≤ 0, i.e.

A≥ cþ 2 θþ2ð Þ2
θþ1ð Þ 2θþ1ð Þ, it is easy to find that d > dR always holds in this condition, then ΠQD*

Ri > ΠMS*
Ri is

always true for all d > 0.
To sum up, if A≥ cþ 2 θþ2ð Þ2

θþ1ð Þ 2θþ1ð Þ, or c < A < cþ 2 θþ2ð Þ2
θþ1ð Þ 2θþ1ð Þ, and d > 4 θþ1ð Þ θþ2ð Þ2 − 2 θþ1ð Þ2 2θþ1ð Þ A− cð Þ

2θþ1ð Þ2 2θþ3ð Þ ,

ΠQD*
Ri > ΠMS*

Ri , otherwise, ΠQD*
Ri ≤ΠMS*

Ri .

Proof of Proposition 5:
According to Equations (A5) and (A10), we have

ΠQD*
M ¼ ðθþ1ÞðA− cÞ2

2ð2þθÞ þ 2d, and ΠMS*
M ¼ ðð1þθÞðA− cÞþð2θþ1ÞdÞ2

2ðθþ1Þð2þθÞ . Comparing ΠQD*
M and ΠMS*

M , we get

ΠQD*
M � ΠMS*

M ¼
�
− 2θ þ 1ð Þ2d � 2 2θ þ 1ð Þ θ þ 1ð Þ A� cð Þ þ 4 θ þ 1ð Þ θ þ 2ð Þ

�
d

2 θ þ 1ð Þ θ þ 2ð Þ ;

whose sign depends on d:

(1) If d≤ 4 θþ1ð Þ θþ2ð Þ− 2 2θþ1ð Þ θþ1ð Þ A− cð Þ
2θþ1ð Þ2 , ΠQD*

M −ΠMS*
M ≥ 0;

(2) If d > 4 θþ1ð Þ θþ2ð Þ− 2 2θþ1ð Þ θþ1ð Þ A− cð Þ
2θþ1ð Þ2 , ΠQD*

M −ΠMS*
M < 0.

Let dM ¼ 4 θþ1ð Þ θþ2ð Þ− 2 2θþ1ð Þ θþ1ð Þ A− cð Þ
2θþ1ð Þ2 . Solving dM > 0, we get A < cþ 2 θþ2ð Þ

2θþ1ð Þ. In this case, there exists a

d satisfied 0 < d ≤ dMmaking ΠQD*
M ≥ΠMS*

M . And if dM ≤ 0, i,e., A≥ cþ 2 θþ2ð Þ
2θþ1ð Þ, d > 0 > dM always holds,

implying ΠQD*
M < ΠMS*

M always holds for all d > 0.

To sum up, when A≥ cþ 2 θþ2ð Þ
2θþ1ð Þ, or c < A < cþ 2 θþ2ð Þ

2θþ1ð Þ and d > 4 θþ1ð Þ θþ2ð Þ− 2 2θþ1ð Þ θþ1ð Þ A− cð Þ
2θþ1ð Þ2 ,

ΠQD*
M < ΠMS*

M , otherwise, ΠQD*
M ≥ΠMS*

M .

Proof of Proposition 6:

Denote bA ¼ cþ 2 θþ2ð Þ2
θþ1ð Þ 2θþ1ð Þ, and A ¼ cþ 2 θþ2ð Þ

2θþ1ð Þ, or c < A < cþ 2 θþ2ð Þ
2θþ1ð Þ. According to the proofs of

Propositions 4 and 5, we have

(1) If A≥ bA, or c < A < bA, and d > dR, Π
QD*
i > ΠMS*

i , otherwise, ΠQD*
i ≤ΠMS*

i ;

(2) If A≥A , or c < A < A and d > dM, Π
QD*
M < ΠMS*

M , otherwise, ΠQD*
M ≥ΠMS*

M .

Comparing bAandA , we can derive bA−A ¼ 2 θþ2ð Þ
θþ1ð Þ 2θþ1ð Þ > 0, then bA > A . Comparing dR and dM, we can

derive dR − dM ¼ 2 θþ1ð Þ θþ2ð Þð 2θþ1ð Þ A− cð Þ− 2ðθþ1ÞÞ
2θþ1ð Þ2ð2θþ3Þ , then we get if A ¼ A0 ¼ cþ 2ðθþ1Þ

2θþ2 , dR 5 dM; if A > A0,
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dR > dM; if A < A0, dR < dM. Furthermore, solving A −A0, we get A −A0 ¼ 6ðθþ1Þ
ð2θþ2Þð2θþ1Þ > 0; solving

bA−A0, we get bA−A0 ¼ ðθþ3Þ
ð2θþ2Þð2θþ1Þ > 0.

Thus, based on the above results, we have if A0
≤A≤ bA, and dM < d < dR, Π

QD*
M < ΠMS*

M and

ΠQD*
i < ΠMS*

i , thenMS is the strategy of pareto improvement in this condition. And if c≤A≤A0, and dR
< d < dM, Π

QD*
M ≥ΠMS*

M and ΠQD*
i ≥ΠMS*

i , then QD is the strategy of pareto improvement in this
condition.

Proof of Proposition 7:

Comparing ΠQD*
T and ΠMS*

T , we can derive

ΠQD*
T � ΠMS*

T ¼ −
2θ þ 1ð Þ 2 A� cð Þ � 2θ þ 1ð Þdð Þd

2 θ þ 2ð Þ2 ;

whose sign depends on A, if c < A < cþ 2θþ1ð Þd
2 , ΠQD*

T > ΠMS*
T ; and if A≥ cþ 2θþ1ð Þd

2 , ΠQD*
T ≤ΠMS*

T .
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