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With the rapid development of e-commerce, online retailing has become an important part of the market. In order to improve
market competitiveness and increase market share, more and more retailers have opened both regular offline channel and online
e-tail channel to sell products. ,en how to price becomes an urgent problem for upstream manufacturers and dual-channel
retailers when there is price competition between regular channel and e-tail channel, especially when consumers have peer-
induced fairness concerns. However, linking consumers’ behavioral factors such as fairness concerns to pricing decisions of mixed
retail and e-tail channels draws little attention in the literature on supply chain management.,is paper incorporates “consumers’
peer-induced fairness concerns” (CPFC) into pricing decisions in a dyadic supply chain, where dual-channel retailer obtains
products from manufacturers and then sells products to consumers through both regular channel and e-tail channel. We use
game-theoretic models to analyze the equilibrium pricing strategies under the setting with “symmetry consumers’ peer-induced
fairness concerns” (SCPFC) and with “asymmetry consumers’ peer-induced fairness concerns” (ACPFC), respectively. Detailed
comparisons and numerical analysis are further conducted to examine the impacts of different types of CPFC on equilibrium
pricing strategies and profits.

1. Introduction

Nowadays, more and more retailers have not only relied on
regular channels to sell products which are obtained from
manufacturers to consumers but also opened e-tail channels
to sell products, such as Suning, Gome, Red Star Macalline,
Uniqlo, and other dual-channel retailers. At this time, the
pricing of regular channel and e-tail channel has become the
first problem dual-channel retailers need to solve. What is
more, now consumers can use various price comparison
apps, like “Miaomiao Discount,” “Compare Price,” “Buy
Slowly,” and so on, to fully understand how much other
consumers pay for the same product in other channels of the
same dual-channel retailer; CPFC will emerge if there is a
price difference between different channels.

As we all know, peer-induced fairness concerns play an
important role in the process of consumers’ purchasing
decisions. Due to peer-induced fairness concerns (Festinger

[1]; Fehr and Schmidt [2]), during the process of consumers
choosing channel that they purchase from, they are not only
concerned about price of a certain channel and utility ob-
tained by themselves but also cared about price of other
channels and utility obtained by other consumers (Ho and
Su [3]). When retail price of other channels is lower or utility
obtained by other consumers is higher, because of suffering
from inequity aversion, consumers’ own utility will be lost,
which will result in decreasing consumers’ purchase desire,
and consumers will either refuse to purchase from the dual-
channel retailer or switch to the channel with lower price to
purchase. ,erefore, dual-channel retailer should price
channel products appropriately to avoid decrease in demand
and increase in channel conflict; it can be seen that how to
price for dual-channel retailer is crucial especially when
facing CPFC.

At the same time, manufacturer, as an upstream com-
pany closely related to dual-channel retailer and wholesale
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price contracts, is still commonly used, whose wholesale
price decision also has an impact on retail price decision of
dual-channel retailer; in such a case, unreasonably setting
wholesale price can also lead to a decrease in demand and an
increase in channel conflicts, so we also take manufacturer’s
decision into consideration in the paper.

In this paper, we consider a dyadic supply chain con-
sisting of a manufacturer and a dual-channel retailer, where
a manufacturer sells products to dual-channel retailer
through a wholesale price contract, and then dual-channel
retailer sells products to consumers through both regular
channel and e-tail channel. When consumers find that there
is a price difference between different channels of the same
dual-channel retailer, consumers will suffer inequity aver-
sion and their desire to purchase from the channel or the
dual-channel retailer will be reduced. Under this circum-
stance, we assume that there are two types of situations: one
is that consumers refuse to purchase from the dual-channel
retailer, and the other is that consumers transfer to other
channels of dual-channel retailer. ,e former is a more
sensitive consumer with a higher sense of unfairness, and the
latter has a lower sense of unfairness and will not reject the
dual-channel retailer because of the price difference between
different channels. ,is paper refers to the former as ACPFC
and the latter as SCPFC, and we will conduct model the-
oretical analysis on two different types of CPFC.

In our study, we intend to address the following research
questions: when considering two different types of CPFC,
how should dual-channel retailer price regular and e-tail
channels’ products and whether two types of CPFC have an
impact on upstream manufacturer’s wholesale pricing de-
cisions or not? How will the types of CPFC affect profits of
dual-channel retailer and manufacturer and product price?

We highlight several findings. In equilibrium, first,
whether considering CPFC or not, retail price and demand
of regular channel are all higher than those of e-tail channel,
but price differences between regular and e-tail channels are
different under different models, which is reasonable and in
line with reality. Second, after considering CPFC, manu-
facturer’s profit may increase while retailer's profit decreases,
and retailer’s profits with ACPFC are larger than that with
SCPFC. ,ird, as long as there is CPFC, retailer’s price
strategy is to adopt a differential pricing strategy which
means that price of regular channel is higher than that of
e-tail channel. When consumer acceptance of e-tail channel
is high, wholesale price with CPFC is higher than that
without CPFC and vice versa. Lastly, CPFC decreases price
difference between regular channel and e-tail channel, price
difference with ACPFC is greater than that with SCPFC, and
price difference also decreases with indicator of CPFC.

,e rest of the article is organized as follows. Section 2
introduces the model and analyzes equilibrium pricing
strategies for three scenarios; the three scenarios are as
follows: without CPFC, considering ACPFC, and consid-
ering SCPFC. Section 3 compares three scenarios’ equilib-
rium results and analyzes the impacts of ACPFC and SCPFC
on equilibrium prices and profits. Section 4 conducts nu-
merical examples to get more insights and conduct sensi-
tivity analysis. Section 5 concludes the paper.

2. Literature Review

,is study belongs to two strands of literature: one strand of
literature is about supply chain management with fairness
concern, and the other strand of literature is about dual-
channel supply chain.

2.1. Fairness Concern in Supply Chain Management. In re-
cent years, scholars have done a lot of research on supply
chain management with fairness concerns. ,e growing
body of literature that studies the impacts of fairness con-
cerns on supply chain performance and strategic decisions
can be composed of the following two distinct aspects.

,e first aspect is about the impacts of manufacturer or
retailer fairness concern on supply chain performance and
coordination, where fairness concern does not affect market
demand. Cui et al. [4] studied the impact of retailer distribu-
tional fairness concern on coordination of a dyadic supply chain
and showed that manufacturer can achieve supply chain co-
ordination by wholesale price contract when retailer has dis-
tributional fairness concern. Based on Cui et al. [4], Caliskan-
Demirag et al. [5] studied the impact of retailer distributional
fairness concern on supply chain coordination under nonlinear
demand and found that it is easier to achieve supply chain
coordination under nonlinear demand than under linear de-
mand. Yang et al. [6] evaluated how retailer fairness concern
influences channel coordination of a two-tier supply chain with
a cooperative advertising contract. Under the newsvendor
model, Wu and Niederhoff [7] studied the impact of distri-
butional fairness concern on supply chain efficiency in three
cases: only retailer distributional fairness concern, only supplier
distributional fairness concern, and both retailer and supplier
distributional fairness concern. Zhou et al. [8] explored the
effect of retailer fairness concern on optimal decisions and
coordination in a low-carbon supply chain consisting of a
manufacturer and a retailer with the government’s energy-
saving emission reduction policies and consumer’s low-carbon
preference. Li [9] showed that manufacturer distributional
fairness concern will strengthen double marginal effect and
retailer distributional fairness concernweakens doublemarginal
effect; supply chain coordination cannot be achieved by
wholesale price contracts in case of manufacturer or retailer
with distributional fairness concern. Zheng et al. [10] innova-
tively applied variable-weighted shapely values to coordinate a
closed-loop supply chain with a retailer who has distributional
fairness concern. Zheng et al. [11] examined the influence of
retailer fairness concern on a three-echelon supply chain co-
ordination.Wang et al. [12] incorporatedmanufacturer fairness
concern and e-commerce platform into decision-making
process in an e-commerce supply chain setting to study how
fairness affects decision-making and coordination of an
e-commerce supply chain. Guan et al. [13] studied how retailer
Nash bargaining fairness concern influences a two-tier supply
chain coordination, where demand depends on selling price and
accumulated goodwill. Pan et al. [14] investigated the effect of
both distributional fairness concern and peer-induced fairness
concern on a two-echelon supply chain performance with a
dominant retailer and two manufacturers.
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,is paragraph is about the impact of manufacturer or
retailer fairness concern on supply chain management de-
cisions. Ho et al. [15] analyzed how retailer distributional
fairness concern and retailer peer-induced fairness concern
interact and influence economic outcomes in one-supplier
and two-retailer supply chain setting. Du et al. [16] used the
Nash bargaining solution as a fairness reference point to
analyze newsvendor problem when both supplier and re-
tailer exhibit fairness concern. Katok et al. [17] explored the
performance of wholesale pricing in a setting where supply
chain members’ fairness concerns are private information.
Cui andMallucci [18] proved the fairness concern existing in
different supply chain members’ decisions through experi-
ments and showed that fairness concern has a critical impact
on channel pricing. Qin et al. [19] conducted a laboratory
work to examine the effect of fairness concern and private
production cost information on a dyadic supply chain de-
cision-making under a simple wholesale price contract. Li
and Li [20] considered a dual-channel supply chain con-
sisting of a traditional offline retailer with distributional
fairness concern, studied value-added service level decision
of retailer, and showed that service level is the same as that
without fairness concern. Ma et al. [21] incorporated retailer
distributional fairness concern into a closed-loop supply
chain with a central planner, a manufacturer, a retailer, or a
third party, in which manufacturer plays a role as a collector,
and examined the chance of supply chain profitability,
optimal marketing effort, collection rate, and pricing deci-
sions. Chen et al. [22] incorporated retailer’s fairness con-
cern into pricing and ordering issues in a dyadic supply
chain with a supplier and a budget-constrained retailer
facing stochastic demand. Li et al. [23] used the Nash
bargaining solution to investigate the product quality and
pricing decisions in a two-echelon supply chain, in which
both supplier and retailer have fairness concerns. Shen et al.
[24] investigated four models of whether fairness concern is
considered by different dominant parties in e-supply chain
with one manufacturer and one network platform. Qiu et al.
[25] incorporated retailer fairness concern into a green
supply chain to analyze how retailer fairness concern in-
teracts with supply chain price and carbon emission re-
duction decisions. Liu et al. [26] considered a logistics
service supply chain with a logistics service integrator and
two competing functional logistics service providers, where
functional logistic service providers exhibit both peer-in-
duced fairness concern and distributional fairness concern,
and investigated the impacts of different fairness concern on
order allocation. Zhao et al. [27] explored optimal pricing
decisions in a two-tier product and service supply chain
considering retailer fairness concern and vertical competi-
tion in extended warranty between manufacturer and re-
tailer. Zhen et al. [28] incorporated retailer fairness concern
into a dual-channel supply chain, in which both manufac-
turer and retailer sell products through online and offline
channels. Zhang et al. [29] determined the influence of
retailer fairness concern and consumer environmental
awareness on environmental and price decisions of a green
product in a one-manufacturer and one-retailer supply
chain. Zang et al. [30] developed four Stackelberg game

models aiming to study the impact of fairness concern and
subsidy on product green degree, wholesale price, and retail
price decisions. Tao et al. [31] considered a three-tier supply
chain consisting of multiple suppliers, one manufacturer,
and multiple distributors with uncertain supply and demand
and focused on the impact of manufacturer aversion to risk
and distributional fairness concern on procurement and
distribution decisions. Li et al. [32] linked retailer fairness
concern to supplier encroachment problem and concluded
that encroachment may be detrimental to the supplier when
the retailer has strong fairness concern. Niu et al. [33]
studied the impacts of channel power and supplier fairness
concern on supplier market entry decisions. ,e above
pieces of literature are all about the impact of retailer or
manufacturer fairness concern on the supply chain. ,e
following pieces of literature are about the impact of con-
sumers fairness concerns on supply chain decisions or en-
terprise decisions.

,e second aspect is about the impact of consumers
fairness concerns on supply chain management, where
fairness concern has an impact on market demand. Chen
and Cui [34] find that CPFC is the reason why firms adopt
uniform pricing for different sizes of the same brand and
believed that CPFC can reduce price competition intensity
and increase firms’ profits. Guo and Jiang [35] studied the
impact of heterogeneous consumers with distributional
fairness concerns on price and quality decisions of mo-
nopolistic firms with different production cost efficiencies
and showed that a high degree of consumer distributional
fairness concern is not conducive to firms with low pro-
duction cost efficiency or high production cost efficiency. Yi
and Wang et al. [36] studied the impact of consumer dis-
tributional fairness concern on manufacturer’s distribution
channel selection and showed that when consumer distri-
butional fairness concern is strong, manufacturer tends to
choose agent selling, while when consumer distributional
fairness concern is weak, manufacturer tends to choose
direct selling. Harutyunyan et al. [37] found that when the
proportion of consumers with distributional fairness con-
cerns is small, consumer distributional fairness concern can
alleviate price competition, while consumer distributional
fairness concern is detrimental to themselves and beneficial
to firm. However, the literature above does not study the
impact of CPFC on decision-making of supply chain
members in the supply chain environment.

2.2. Dual-Channel Supply Chain. Dual-channel supply chain
is a major topic in operation management. With the devel-
opment of Internet and e-commerce, dual-channel supply
chain including an e-tail channel has come into notice in
recent years. Dual-channel supply chain structure comprises
an e-tail channel added by manufacturer and a traditional
retail channel which is the most common in previous studies.
For example, He et al. [38] established dual-channel business
models considering deterioration property of products in
such common structure and studied coordination of dual-
channel supply chain with deteriorating products. Ren et al.
[39] studied consumer return policies in dual-channel supply
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chain with price and service competition and designed a new
contract to coordinate supply chain. He et al. [40] extended
traditional transshipment strategy into dual-channel supply
chain structure mentioned above and analyzed the coordi-
nation of dual-channel supply chain in two cases of exoge-
nous and endogenous transshipment price. Different from
research on manufacturer channel selection, Zhang et al. [41]
studied retailer channel selection and found that dual channel
is optimal for retailer when customer acceptance rate for
online channel is medium. He et al. [42] explored channel
selection for manufacturer to sell new products and distribute
remanufactured products in a dual-channel closed-loop
supply chain considering government subsidy and derived
manufacturer’s optimal channel structure and equilibrium
decisions. Zhang et al. [43] discussed the impacts of preorder-
online, pickup-in-store strategy on dual-channel retailer
under monopoly case and competition case, respectively,
where competition case refers to dual-channel retailer
competes with a pure e-retailer. Different from literature
about dual-channel supply chain mentioned above, the dual-
channel supply chain structure in our paper refers to a regular
retail channel and an e-tail channel opened by retailer, that is,
consisting of a manufacturer and a dual-channel retailer.

2.3. Literature Summary. In summary, empirical evidence and
behavioral research suggest that consumers seek not only base
functionalities but also fairness in transactions, whichmay cause
consumers to refuse dual-channel retailer or transfer to channel
with a lower price when there is a price difference between the
same retailers’ regular and e-tail channels, such fairness seeking
is called as CPFC, and based on this fact, we consider two types
of CPFC: ACPFC and SCPFC; the former will refuse to pur-
chase from dual-channel retailer and the latter will transfer to
other channels with lower price because of the price difference.
,is paper investigates the impact of CPFC on pricing decisions
of a dyadic supply chain comprising amanufacturer and a dual-
channel retailer, where dual-channel retailer sells products
through both regular channel and e-tail channel. However,
most of the existing literature is to study the impact of retailer or
manufacturer fairness concern on the supply chain perfor-
mance and decisions, to study the impact of consumer dis-
tributional fairness concern on supply chain or firm decisions,
or to study the impact of CPFC on firms’ strategies. ,e lit-
erature that studies the impact of CPFC on supply chain de-
cisions is rarely seen, while there are many pieces of literature
have proved that the existence of CPFC plays an important role
in supply chain decisions [44-46]. ,erefore, in this paper,
considering the two types of CPFC in a dyadic supply chain
consisting of a dual-channel retailer and a manufacturer, we
study how manufacturer and retailer with mixed channel and
e-tail channel should make pricing decisions and analyze the
impact of different types of CPFC on supply chain members
pricing and profits.

3. Model

In a dyadic supply chain, a manufacturer sells product to a
dual-channel retailer with a wholesale price contract, who

then sells it to consumers through a single-product retail
system mixed with an e-tail distribution channel. Con-
sumers are assumed to be homogeneous and are able to
purchase a product either from regular channel or from
e-tail channel of dual-channel retailer. However, consumers
are informed about the price of regular channel and e-tail
channel products; according to Ho and Su [3], consumers
will have peer-induced fairness concerns when they find
other consumers who purchase the same product from the
same dual-channel retailer at a lower price; such inequity
aversion brings disutility to consumers. In addition, con-
sidering the fact that when finding the price of product in
other channels of the same retailer is low, consumers will
refuse to purchase from the dual-channel retailer or turn to
other channels with a lower price of the dual-channel retailer
to purchase product, so we divided CPFC into two types: the
former one ACPFC and the latter one SCPFC, which is the
focus of this paper.

3.1. Benchmark: Without CPFC. Based on a dyadic supply
chain consisting of a manufacturer and a dual-channel re-
tailer with a single-product retail systemmixed with an e-tail
distribution channel, the manufacturer (m) as a leader of
Stackelberg game and the retailer as a follower adopt
wholesale price contract; the retailer obtains products from
the manufacturer at a wholesale price w and then sells
products through both regular channel with a price pr and
e-tail channel with a price pe. In the case without CPFC
denoted by a superscript N, the demand curves of regular
and e-tail channels are given as functions of retail price:

d
N
r � 1 − pr + bpe,

d
N
e � a − pe + bpr.

(1)

,e linear demand functions are common and classical
in the economic literature (Tsay and Agrawal [47]; Ho et al.
[48]), where a is consumer acceptance of e-tail channel, b is
price sensitivity parameter of demand, and 0< b< a< 1. And
the profit functions of manufacturer and retailer are as
follows:

πN
m � (w − c) d

N
e + d

N
r , (2)

πN
r � pe − w( d

N
e + pr − w( d

N
r , (3)

where c is the unit production cost of manufacturer; for
brevity, we normalize the operation costs of retailer to be
zero.

In the benchmark, given the wholesale price w, the
retailer will choose a regular channel price pr and an e-tail
channel price pe to maximize his profit given by equation
(3); by using the backward induction solution, the optimal
equilibrium decisions are shown in the following,eorem 1.

Theorem 1. Without considering CPFC, the optimal solu-
tions are as follows, which is denoted by a superscript N∗:

(1) 2e optimal retail price and the wholesale price are
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p
N∗
r �

5 + a + 2c +(1 + 5a)b − 2b
2
c

8 1 − b
2

 
,

p
N∗
e �

1 + 5a + 2c +(5 + a)b − 2b
2
c

8 1 − b
2

 
,

w
N∗

�
1 + a + 2c − 2bc

4(1 − b)
.

(4)

(2) 2e optimal profits of manufacturer and retailer are
πN∗

m � ((1 + 2bc + a − 2c)2/16(1 − b)),
πN∗

r � πN
r (pN∗

r , pN∗
e , wN∗).

(3) 2e equilibrium demands of regular channel and
e-tail channel are dN∗

r � ((2b − 2)c − a + 3)/(8),
dN∗

e � ((2b − 2)c + 3a − 1)/(8).

For all proofs, see Appendix.
From ,eorem 1, we can get Corollary 1.

Corollary 1. In a dyadic supply chain consisting of a dual-
channel retailer who sells products through a single-product
retail system mixed with an e-tail distribution channel to
consumers, the relations of the price and demand for
regular channel and e-tail channel are pN∗

r >pN∗
e ,

dN∗
r > dN∗

e .
Corollary 1 indicates that in a dyadic supply chain with a

mixed retail and e-tail channels, the price of regular channel
products is higher than that of e-tail channel products. ,is
is intuitive and coincident with practice, which is because the
operating cost of regular channel is higher than that of e-tail
channel. But the uncertainty about the quality and avail-
ability of the e-tail channel reduces consumer acceptance of
e-tail channel; the demand for the regular channel is still
higher than that of e-tail channel.

3.2. Model A: With ACPFC. When considering ACPFC,
meaning consumer with a high sense of fairness, finding that
the price of other channel products is high, consumer will
refuse to purchase from the dual-channel retailer. Based on
the backgrounds above and according to Chen and Cui [34],
in the case with ACPFC denoted by a superscript A, the
demand functions in both channels can be described as
follows:

d
A
r � 1 − pr + θ pr − min pe, pr( ( (  + bpe, (5)

d
A
e � a − pe + θ pe − min pe, pr( ( (  + bpr. (6)

,e corresponding profit functions are as follows:

πA
m � (w − c) d

A
e + d

A
r , (7)

πA
r � pe − w( d

A
e + pr − w( d

A
r , (8)

where θ denotes the indicator of CPFC, 0≤ θ≤ 1, and the larger
the value of θ, the stronger the CPFC. when consumers have

asymmetry peer-induced fairness concerns, if they find that the
price of regular channel is higher than that of e-tail channel,
they will refuse to purchase from dual-channel retailer; at this
time, the ACPFCwill have a negative impact on the demand of
regular channel and it is expressed as − θ(pr − min(pe, pr)),
and there is no impact on the demand of e-tail channel.
Similarly, − θ(pe − min(pe, pr)) represents the negative im-
pact on the demand of e-tail channel when consumers find that
the price of e-tail channel is higher than that of regular channel,
and there is no impact on regular channel.

Here, given the wholesale price w, the retailer will choose
a regular channel price pr and an e-tail channel price pe to
maximize his profit given by equations (5), (6), and (8). In
this case, the retailer’s profit function is not differentiable
everywhere, so we solve the retailer’s optimal price decision
in two steps. Firstly, obtaining the optimal pricing under
three situations: the price of e-tail channel is lower than that
of regular channel; the price of e-tail channel is equal to that
of regular channel; the price of e-tail channel is higher than
that of regular channel; and then the global optimal pricing
of retailer is obtained by comparing the three situations.

Similar to ,eorem 1, by using the backward induction
solution, the optimal decision-making of retailer under the
case with ACPFC is given as follows.

Theorem 2. With ACPFC, the optimal equilibrium decisions
of dual-channel retailer and manufacturer are as follows,
which is denoted by a superscript A∗:

(1) When a> 2c(1 − b) − 1, then the optimal wholesale
price and retail price are wA∗

1 � (a + 1)/(2 − 2b),
pA∗

r1 � ((2(ab + wA∗
1 + 1) − θ2wA∗

1 + (a + 3wA∗
1 − 3

bwA∗
1 )θ − 2b2wA∗

1 )/(4 + 4(1 − b)θ − 4b2 − θ2)), and
pA∗

e1 � ((2(a + b + wA∗
1 ) − θ2wA∗

1 + (1 + 2a + wA∗
1

− bwA∗
1 )θ − 2b2wA∗

1 )/(4 + 4(1 − b) θ − 4b2 − θ2));
the optimal profits of manufacturer and dual-channel
retailer are πA∗

m1 � πA
m(wA∗

1 , pA∗
r1 , pA∗

e1 ) and
πA∗

r1 � πA
r (wA∗

1 , pA∗
r1 , pA∗

e1 ); the equilibrium demands
of regular channel and e-tail channel are dA∗

r1 �

dA
r (wA∗

1 , pA∗
r1 , pA∗

e1 ) and dA∗
e1 � dA

e (wA∗
1 , pA∗

r1 , pA∗
e1 ).

(2) When 0< a≤ 2c(1 − b) − 1, if θ> 2(b + 1)(

(2b − 2)c + a+ 1) /(4c − 4bc − a − 3) , then
wA∗

2 � wA∗
1 pA∗

r2 � pA∗
r1 , pA∗

e2 � pA∗
e1 ; the optimal

profits of retailer and manufacturer are πA∗
m2 � πA∗

m1
and πA∗

r2 � πA∗
r1 ; the equilibrium demands of regular

channel and e-tail channel are dA∗
r2 � dA∗

r1 and
dA∗

e2 � dA∗
e1 . If 0< θ< 2(b + 1)((2b − 2)c + a + 1)/

(4c − 4bc − a − 3), then wA∗
3 � (1 + 3a + 4c − 4bc)

θ + 2(b + 1)(a + 2c + 1 − 2bc)/(8(1 − b)(b + θ + 1)),

pA∗
r3 � ((2(ab + wA∗

3 + 1)− θ2wA∗
3 + (a + 3wA∗

3 −

3bwA∗
3 )θ − 2b2wA∗

3 )/(4 + 4(1− b)θ − 4b2− θ2)), and
pA∗

e3 � ((2(a + b + wA∗
3 ) − θ2wA∗

3 + (1 + 2a + wA∗
3

− bwA∗
3 )θ − 2b2wA∗

3 )/(4 + 4(1 − b)θ− 4b2 − θ2)); the
optimal profits of retailer andmanufacturer are πA∗

m3 �

πA
m(wA∗

3 , pA∗
r3 , pA∗

e3 ) and πA∗
r3 � πA

r (wA∗
3 , pA∗

r3 , pA∗
e3 );

the equilibrium demands of regular channel and e-tail
channel are dA∗

r3 � dA
r (wA∗

3 , pA∗
r3 , pA∗

e3 ) and
dA∗

e3 � dA
e (wA∗

3 , pA∗
r3 , pA∗

e3 ).
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In Theorem 2, it can be easily gotten that the equilibrium
price of regular channel is always higher than that of e-tail
channel, which is reasonable and practical because offline
operating costs are generally higher than online operating
costs. ,eorem 2 also shows that the expression of equi-
librium retail price regarding wholesale price and indicator
of CPFC is the same in the two cases of consumer acceptance
of e-tail channel which is high and low, respectively, but the
equilibrium wholesale price is different in the two cases.
Counter-intuitively and interestingly, ,eorem 2 indicates
that when consumers have a high acceptance of e-tail
channel, ACPFC directly affects retailers’ pricing decisions,
and when consumer acceptance of e-tail channels is low, the
ACPFC can not only directly affect retailer’s pricing deci-
sions but also indirectly affect retailer’s pricing decisions
through influencing wholesale price; that is, ACPFC also
affects manufacturer’s pricing decisions. In other words, the
degree of ACPFC and consumer acceptance of e-tail channel
does not affect the mechanism of retailer’s pricing decisions
because expression of retail price has not changed but affects
the level of the equilibrium retail price and themechanism of
manufacturer’s wholesale pricing decision.

3.3. Model S: With SCPFC. Considering SCPFC with a low
sense of fairness, when consumers find the price of other
channels is lower, they will only refuse purchasing from the
channel with a higher price but they will not refuse the dual-
channel retailer and they will transfer to the channel with
lower price. So in the case of SCPFC denoted by a superscript
S, according to Chen and Cui [34], the demand of two
channels can be described as follows:

d
S
r � 1 − pr + θ pr − min pe, pr( ( (  + b pe + θ pe − min pe, pr( ( ( ,

(9)

d
S
e � a − pe + θ pe − min pe, pr( ( (  + b pr + θ pr − min pe, pr( ( ( .

(10)

,e corresponding profit functions are as follows:

πS
m � (w − c) d

S
e + d

S
r , (11)

πS
r � pe − w( d

S
e + pr − w( d

S
r, (12)

where θ is the same as model A, 0≤ θ≤ 1, and when con-
sumers have symmetry peer-induced fairness concerns, if
they find that the price of one channel is higher than that of
the other channel, they will only refuse to purchase from the
channel with a higher price but will not refuse the dual-
channel retailer, and they will transfer to other channels with
lower price. For example, when consumers find the price of
regular channel is higher than that of e-tail channel, SCPFC
has a negative impact on the demand of regular channel and
has a positive impact on the demand of e-tail channel; due to
SCPFC, the demand of regular channel will decrease by
θ(pr − min(pe, pr)) and the demand of e-tail channel will
increase by θ(pr − min(pe, pr)). Similarly,
θ(pe − min(pe, pr)) represents the positive impact of

SCPFC on regular channel and the negative impact of
SCPFC on e-tail channel when consumers find that the
price of e-tail channel is higher than that of regular
channel.

,e retailer’s optimal price decision-making solution
process under model S is the same as that of model A, which
is not repeated here. ,e optimal equilibrium decisions of
retailer in the case of model S are directly given as in
,eorem 3.

Theorem 3. With SCPFC, the optimal equilibrium decisions
of retailer and manufacturer are as follows, which is denoted
by a superscript S∗:

(1) When a> 2c(1 − b) − 1, the optimal wholesale price
and retail price are wS∗

1 � wA∗
1 , pS∗

r1 � (((3wS∗
1 + a −

b2wS∗
1 + (a + 2 − 2wS∗

1 )b)θ + 2(ab + wS∗
1 + 1 − b2

wS∗
1 ) − wS∗

1 (1 − b)2θ2)/((1 − b)((4b + 4)(θ + 1)t −

n (1 − b)qθ2))), and pS∗
e1 � (((1 + (2wS∗

1 + 1)b +2a +

wS∗
1 − 3b2wS∗

1 )θ + 2(a + b + wS∗
1 − b2wS∗

1 ) − wS∗
1

(1 − b)2θ2)/ (1 − b)((4b + 4)(θ + 1) − (1 − b)θ2));
the optimal profits of manufacturer and retailer are
πS∗

m1 � πS
m(wS∗

1 , pS∗
r1 , pS∗

e1 ) and πS∗
r1 � πS

r(wS∗
1 , pS∗

r1 ,

pS∗
e1 ); the equilibrium demands of regular channel and

e-tail channel are dS∗
r1 � dS

r( wS∗
1 , pS∗

r1 , pS∗
e1 ) and dS∗

e1 �

dS
e(wS∗

1 , pS∗
r1 , pS∗

e1 ).
(2) When 0< a≤ 2c(1 − b) − 1, if θ> 2(b + 1)(2cb−

2c + a + 1)/(4c − 4cb2 − 3ba − b − a − 3), then
wS∗

2 � wS∗
1 , pS∗

r2 � pS∗
r1 , and pS∗

e2 � pS∗
e1 ; the optimal

profits of manufacturer and retailer are πS∗
m2 � πS∗

m1
and πS∗

r2 � πS∗
r1 ; the equilibrium demands of regular

channel and e-tail channel are dS∗
r2 � dS∗

r1 and
dS∗

e2 � dS∗
e1 . If 0< θ < 2(b + 1)(2cb − 2c + a + 1)/(4c−

4cb2 − 3ba − b − a − 3), then wS∗
3 � (4b2c−

(a + 3)b − 3a − 4c − 1)θ − 2(b + 1)(a + 2c + 1 −

2bc)/(8 b2θ + 8b2 − 8θ − 8), pS∗
r3 � ((3wS∗

3 + a−

b2wS∗
3 + (a + 2 − 2wS∗

3 )b)θ +2(ab + wS∗
3 + 1−

b2wS∗
3 ) − wS∗

3 (1 − b)2θ2/(1 − b)((4b+ 4)(θ + 1)−

(1 − b)θ2)), and pS∗
e3 � ((1 + (2wS∗

3 + 1)b + 2a+

wS∗
3 − 3b2wS∗

3 )θ + 2(a + b + wS∗
3 − b2wS∗

3 ) − wS∗
3

(1 − b)2θ2/(1 − b)((4b + 4)(θ + 1) − (1− b)θ2)); the
optimal profits of manufacturer and retailer are πS∗

m3 �

πS
m(wS∗

3 , pS∗
r3 , pS∗

e3 ) and πS∗
r3 � πS

r(wS∗
3 , pS∗

r3 , pS∗
e3 ); the

equilibrium demands of regular channel and e-tail
channel are dS∗

r3 � dS
r(wS∗

3 , pS∗
r3 , pS∗

e3 ) and
dS∗

e3 � dS
e(wS∗

3 , pS∗
r3 , pS∗

e3 ).

In Theorem 3, the equilibrium price of regular channel is
always higher than that of e-tail channel still hold, and it is
not difficult to get the other same conclusion from,eorem
3 as ,eorem 2. However, by comparing ,eorems 2 and 3,
we can find that the different types of CPFC have different
impacts on the equilibrium. Firstly, the equilibrium prices of
supply chain system when considering ACPFC are different
from that considering SCPFC, which depends on consumer
acceptance of e-tail channel and degree of CPFC; it is in-
teresting and intuitive that CPFC has no impact on
wholesale pricing decision when consumer acceptance of
e-tail channel is high. Secondly, the interval of different
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equilibrium states determined by indicator of CPFC is
different when considering ACPFC and SCPFC,
respectively.

4. Comparative Analysis

4.1. Manufacturer’s Decisions. According to ,eorems 1–3,
we can get the following corollary about manufacturer’s
optimal wholesale price.

Corollary 2. At equilibrium, (1) wN∗ <wA∗
1 , wN∗ >wA∗

2 ,
and wN >wA∗

3 ; (2) wN <wS∗
1 , wN >wS∗

2 , and wN >wS∗
3 ; (3)

wA∗
1 � wS∗

1 , wA∗
2 � wS∗

2 , and wA∗
3 <wS∗

3 ; (4)
(zwA∗

1 /zθ) � (zwS∗
1 /zθ) � (zwA∗

2 /zθ) � (zwS∗
2 /zθ) � 0,

(zwA∗
3 /zθ)< 0, and (zwS∗

3 /zθ)< 0.
Corollary 2 (1) and (2) show that when a> 2c(1 − b) − 1,

wholesale price with ACPFC (or SCPFC) is higher than that
without CPFC. And when 0< a≤ 2c(1 − b) − 1, the whole-
sale price ACPFC (or SCPFC) is lower than that without
CPFC. ,e reason is that consumer with high acceptance of
e-tail channel will not choose to leave because of the high
price in spite of CPFC; such that manufacturer can raise
wholesale price ignoring the CPFC when consumers have
high acceptance of e-tail channel. On the contrary, the
manufacturer should lower wholesale price due to the CPFC
when consumer acceptance of e-tail channel is low.

Corollary 2 (3) shows that when consumer acceptance of
e-tail channel is high, the impact of CPFC on supply chain is
obscured, so the wholesale price with ACPFC is the same as
that with SCPFC. When consumer acceptance of e-tail
channel is low and CPFC is stronger, the wholesale price
with ACPFC or SCPFC is the same too; we speculate the
reason is that stronger SCPFC is similar to ACPFC; the
impact of two different types of CPFC on supply chain is
almost same. When consumer acceptance of e-tail channel is
low and CPFC is weak, the difference between the two types
CPFC is great, ACPFC with a high sense of fairness, so the
manufacturer should offer a low price to consumers with
asymmetry peer-induced fairness concerns compared to that
to consumers with symmetry peer-induced fairness
concerns.

Corollary 2 (4) shows that only when consumer ac-
ceptance of e-tail channel is low and the peer-induced
fairness concerns are weak, wholesale price changes with
CPFC and decreases with indicator of CPFC. In this case,
manufacturer should pay more attention to CPFC.

Previous studies have shown that consumer distribu-
tional fairness concerns affect manufacturers’ decision-
making, and Corollary 2 indicates that CPFC also has an
impact on manufacturers’ decision-making. ,is is because
two types of CPFCwill have an impact on demand functions,
and manufacturer’s decision-making is closely related to
demand functions; CPFC can affect the manufacturer’s
decision-making by influencing demand functions.

Based on Theorems 1–3, we can get the following
corollary about manufacturers’ optimal profits.

Corollary 3. In the case of a> 2c(1 − b) − 1,
πN∗

m > πS∗
m1 > πA∗

m1.

Corollary 3 includes the relative size of manufacturer’s
equilibrium profits under three models when consumer
acceptance of e-tail channel is high. Due to the fact that the
expressions of manufacturer’s profit are too complex to
conduct mathematical analysis when 0< a≤ 2c(1 − b) − 1,
Section 5 is conducted to get more meaningful sight.

Corollary 3 indicates that when consumer acceptance of
e-tail channel is high, manufacturer’s optimal profit without
CPFC is higher than that with SCPFC, and the optimal profit
with SCPFC is higher than that with ACPFC.,is is intuitive
because consumers with CPFC are more difficult to accept
the price difference between regular channel and e-tail
channel, which will induce the demand and profit reduction,
and ACPFC with a higher sense of fairness is more difficult
to accept the price difference than SCPFC with a low sense of
fairness.

4.2. Dual-Channel Retailer’s Optimal Decisions.
Numerical example analysis will be carried out in the next
section because expressions of equilibrium solutions of
retailer when 0< a≤ 2c(1 − b) − 1 are too complicated to
obtain the meaningful management enlightenment through
direct mathematical calculation. ,erefore, in this subsec-
tion, we only compare and analyze the situation where
a> 2c(1 − b) − 1.

From,eorems 2 and 3, we have the following Corollary
about the retailer’s optimal decisions.

Corollary 4. (1) When b≤ (− θ2 − 4θ + 4)/(2θ + 12), then
pA∗

r1 ≤pS∗
r1 ; when b> (− θ2 − 4θ + 4)/(2θ + 12), then

pA∗
r1 >pS∗

r1 . (2) pA∗
e1 <pS∗

e1 . (3) πA∗
r1 > πS∗

r1 . (4)
pA∗

r1 − pA∗
e1 >pS∗

r1 − pS∗
e1 .

Corollary 4 (1) shows that, in the case that consumer
acceptance of e-tail channel is high, price of regular channel
with ACPFC is lower than that with SCPFC when price
sensitivity is small and vice versa. Corollary 4 (2) shows that
the retail price of e-tail channel with ACPFC is lower than
that with SCPFC when consumer acceptance of e-tail
channel is high. It can be seen that a high sense of fairness
does not always bring lower price to consumers themselves.

Corollary 4 (3) shows that retailer equilibrium profit
with ACPFC is higher than that with SCPFC, so we can get
that ACPFC does not bring a greater loss to retailer than
SCPFC when consumer acceptance of e-tail channel is high;
that is to say, ACPFC with a high sense of fairness may be
more friendly to retailer than SCPFC with a lower sense of
fairness.

Theorems 2 and 3 have shown that price of regular
channel is higher than that of e-tail channel, and Corollary 4
(4) shows that when consumer acceptance of e-tail channel is
high, price difference between regular channel and e-tail
channel with ACPFC is larger than that with SCPFC.
Corollary 4 (4) indicates that a high sense of fairness cannot
decrease price difference between two channels compared
with a low sense of fairness when consumers also have a high
acceptance of e-tail channel. ,e reason is that consumers’
acceptable price difference due to the high acceptance of
e-tail channel is larger than the price difference that CPFC
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can mitigate. ,at is to say, in face of price difference,
consumers with strong CPFC will not refuse to purchase
form retailer when the consumer acceptance of e-tail
channel is large enough, so retailer still increases price
difference in spite of ACPFC with a high sense of fairness.

5. Numerical Analysis

So far, we have obtained equilibrium solutions of three
models and analyzed equilibrium wholesale prices of three
models. In this section, we present numerical examples to
focus on comparing the equilibrium profits and retail prices
of three models and discuss the impacts of the key parameter
θ. We expect to draw some insights that are difficult to draw
in the former sections.

Based on equilibrium solutions we derived, we take two
sets of values, one is a � 0.25, b � 0.2, and c � 0.8 and the
other is a � 0.5, b � 0.2, and c � 0.8; the former is corre-
sponding to the case of 0< a≤ 2c(1 − b) − 1, in which θ1 �

2(b + 1)((2b − 2)c + a + 1)/(4c − 4bc − a − 3)≐ 0.1043 and
θ2 � 2(b + 1)(2cb − 2c + a + 1)/(4c − 4cb2 − 3ba − b − a − 3)

≐ 0.1364, and the latter is corresponding to the case of
a> 2c(1 − b) − 1.

5.1. 2e Equilibrium Profits of Retailer and Manufacturer.
According to the parameters set above, we can obtain
Figures 1 and 2 which represent equilibrium profits of re-
tailer and manufacturer when θ ∈ [0, 1] under two sets of
values.

From Figures 1 and 2, we have the following
observations.

Observation 1. From Figures 1(a) and 2(a), equilibrium
profits of retailer with CPFC are always lower than that
without CPFC, and equilibrium profits of retailer with
SCPFC are always lower than that with ACPFC. From
Figure 1(b), when a � 0.25, equilibrium profits of
manufacturer with CPFC are higher than that without
CPFC, and equilibrium profits of manufacturer with
ACPFC are higher than that with SCPFC. From
Figure 2(b), when a � 0.5, equilibrium profits of
manufacturer with CPFC are lower than that without
CPFC, and equilibrium profits of manufacturer with
ACPFC are lower than that with SCPFC.
,at is, CPFC is detrimental to retailer, and it is easier
to deal with consumers with higher sense of fairness for
retailer. However, the impact of CPFC on manufac-
turer’s equilibrium profits depends on consumers’
acceptance of e-tail channel; if consumers’ acceptance
of e-tail channel is low, CPFC is favorable to manu-
facturer and vice versa.
Observation 2. From Figures 1(a) and 2(a), the equi-
librium profits of retailer always decrease with θ. From
Figure 1(b), the equilibrium profits of manufacturer
increase with θ when a � 0.25. From Figure 2(b), the
equilibrium profits of manufacturer decrease with in-
dicator of consumers’ peer-induced fairness concerns
when a � 0.5.

,at is to say, in the case of considering ACPFC and
SCPFC, respectively, the stronger the CPFC, the lower the
equilibrium profit of retailer, which is not affected by
consumer acceptance of e-tail channel. For manufacturer,
when consumer acceptance of e-tail channel is low, the
stronger the CPFC, the higher the equilibrium profit of
manufacturer. When consumer acceptance of e-tail channel
is high, the stronger the CPFC, the lower the equilibrium
profit of manufacturer.

5.2. 2e Equilibrium Retail Prices. In this subsection, we
further compare the retail prices of three models and analyze
the impacts of the indicator of CPFC on equilibrium retail
prices. Based on the parameters set above, we can obtain
Figures 3–5, where Figures 3 and 4 represent equilibrium
retail price of three models under the two sets of values;
Figure 5 represents price differences of three models under
the two sets of values.

Form Figures 3 and 4, we obtain Observations 3–5 as
follows:

Observation 3. Form Figure 3(a), when a � 0.25, retail
price of e-tail channel with SCPFC is higher than that
without CPFC; as θ increases, firstly retail price of e-tail
channel with ACPFC is lower than that without CPFC,
then slightly higher than that without CPFC, and finally
lower than that without CPFC. Form Figure 4(a), when
a � 0.5, the retail price of e-tail channel with SCPFC is
higher than that with ACPFC, and the retail price of e-tail
channel with ACPFC is higher than that without CPFC.
Regardless of the value of a, e-tail channel price with
SCPFC is the highest among three equilibrium e-tail
channel prices of three models. When consumer ac-
ceptance of e-tail channel is high, retail price of e-tail
channel with ACPFC is always higher than that without
CPFC. ,at is, SCPFC increases retail price of e-tail
channel, and ACPFC can reduce retail price of e-tail
channel and can increase retail price of e-tail channel.
Observation 4. Form Figures 3(b) and 4(b), retail price
of regular channel with SCPFC is almost the same as
that with ACPFC when θ is relatively small, and retail
price of regular channel with SCPFC is slightly higher
than that with ACPFC when θ is relatively large. Retail
price of regular channel without CPFC is higher than
that with CPFC when a � 0.25, and retail price of
regular channel with CPFC is first higher than that
without CPFC and then lower than that without CPFC
when a � 0.5.
In the case of different values, the relative relation of
regular channel retail prices under two types of CPFC is
the same, and CPFC may lower retail price of regular
channel, but it may also increase retail price of regular
channel. Combining with Observation 3, it is not
difficult to find that CPFC is not always beneficial to
consumers themselves.
Observation 5. From Figures 3(a) and 4(a), retail price
of e-tail channel with SCPFC increases with θ. When
a � 0.25, firstly, retail price of e-tail channel with
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ACPFC decreases with θ, then increases with θ, and
finally decreases with θ. When a � 0.5, firstly, retail
price of e-tail channel with asymmetry consumers peer-
induced fairness concern increases with θ and then

decreases with θ. From Figures 33(b) and 4 (b), retail
price of regular channel always decreases with θ.
Combining with Observations 3 and 4, we can see
that SCPFC can always increase retail price of e-tail
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Figure 1: Comparison results of profits versus parameter θwhen a � 0.25, b � 0.2, and c � 0.8. (a) Retailer’s equilibrium profits under three
models. (b) Manufacture’s equilibrium profits under three models.
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Figure 2: Comparison results of profits versus parameter θ when a � 0.5, b � 0.2, and c � 0.8. (a) Retailer’s equilibrium profits under three
models. (b) Manufacture’s equilibrium profits under three models.

Discrete Dynamics in Nature and Society 9



channel, and the stronger the SCPFC, the higher the
retail price of e-tail channel. However, the impact of
the strength of ACPFC on retail price of e-tail
channel depends on consumer acceptance of e-tail

channel. Due to the fact that the retail price of regular
channel is higher than that of e-tail channel, the
stronger the CPFC, the lower the retail price of
regular channel.
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Figure 3: Comparison results of prices versus parameter θwhen a � 0.25, b � 0.2, and c � 0.8. (a) Equilibrium prices of e-tail channel under
three models. (b) Equilibrium prices of regular channel under three models.
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Figure 4: Comparison results of prices versus parameter θ when a � 0.5, b � 0.2, and c � 0.8. (a) Equilibrium prices of e-tail channel under
three models. (b) Equilibrium prices of regular channel under three models.
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From Figure 5, Observations 6–7 are obtained as
follows:
Observation 6. ,e price differences with SCPFC are
smaller than that with ACPFC, and the price differences
with ACPFC are smaller than that without CPFC.
Intuitively, CPFC can narrow the price difference be-
tween regular channel and e-tail channel due to con-
sumer fairness seeking. What is unexpected and
interesting is that SCPFC with a low sense of fairness
can more effectively narrow the price difference than
ACPFC with a high sense of fairness.
Observation 7. ,e price differences decrease with θ.

No matter what type of CPFC is, the stronger the CPFC,
the smaller the price difference between regular channel and
e-tail channel, which is a reasonable observation.

6. Conclusion

In this study, we consider a setting where consumers purchase
decisions are affected by both their own monetary payoff and

their peer-induced fairness concerns about others’ monetary
payoff; we divided CPFC into two types: one is ACPFC and the
other is SCPFC. ,en we unravel how such peer-induced
fairness-seeking behavior interacts with supply chain member
pricing decisions under a two-level supply chain including a
dual-channel retailer selling products to consumers through
both the regular channel and the e-tail channel. In this paper,
the decision-makingmodels under the scenarios without CPFC,
the scenarios with ACPFC, and the scenarios with SCPFC are
constructed, respectively, and optimal price decisions and
optimal profits for dual-channel retailer and manufacturer are
solved, respectively. ,rough comparative analysis and nu-
merical analysis, the main conclusions are as follows:

(1) No matter whether there is CPFC or not, retailer’s
equilibrium price of regular channel product is higher
than that of e-tail channel product, which is in line
with reality. However, CPFC can reduce the price
difference between regular channel and e-tail channel,
and the stronger the CPFC, the smaller the price
difference.
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Figure 5: Price differences under three models (a) when a � 0.25, b � 0.2, c � 0.8 and (b) when a � 0.5, b � 0.2, c � 0.8.

Table 1: Parameter description.

Notations Descriptions
pr, pe Price of the regular channel and the e-tail channel per unit
dr, de Demand of the regular channel and the e-tail channel
b Price sensitivity parameter of the demand
a Consumer acceptance of the e-tail channel
πi i � m, r denote the manufacturer’s profit and the retailer profit
w Wholesale price of the manufacturer to the retailer per unit
c ,e unit production cost of manufacturer
θ Indicator of the consumer’s peer-induced fairness concerns
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(2) CPFC may affect the manufacturers pricing decisions
by affecting the market demand, and the CPFC is
beneficial for themanufacturer; the stronger the CPFC,
the higher the manufacturer equilibrium profit. But
CPFC is harmful to the retailer; the stronger the CPFC,
the lower the retailer equilibrium profit.

(3) ,e type and strength of CPFC do not necessarily
affect manufacturers’ pricing decisions; only when
both consumer acceptance of e-tail channel and
CPFC are small, the type and strength of CPFC can
affect the manufacturers’ pricing decision.

(4) ,e type and strength of CPFC will affect the re-
tailers’ pricing decisions. ,e equilibrium price of
e-tail channel products with SCPFC is higher than
that of ACPFC, and the equilibrium price of regular
channel products under both types of CPFC de-
creases with indicator of CPFC.

However, in this paper, ACPFC and SCPFC are dis-
cussed separately as two cases. ,ere is no discussion about
some consumers who have ACPFC and the others who have
SCPFC, or even there are consumers who are fairness-
neutral. ,erefore, when there are different proportions of
different types of CPFC in the consumer group, how tomake
pricing decision in supply chain is also a worthy problem to
discuss.

6.1.Notations. ,e notations used in this paper are as shown
in Table 1.

Appendix

Proof of Theorem 1

Given the wholesale price w, the retailer will choose a regular
channel price and an e-tail channel to maximize his profit.
Computing the first-order conditions of the retailer’s profit
functions given by equation (3) yields the following equations:

zπN
r

zpr

� − w + 2pe( b + w − 2pr + 1,

zπN
r

zpe

� − w + 2pr( b + a + w − 2pe.

(A.1)

And then the authors obtain the retailer equilibrium
prices by solving the first-order condition (zπN

r /zpr) � 0 as
follows:

pr �
1 + ab + w − b

2
w

2 − 2b
2 ,

pe �
a + b + w − b

2
w

2 − 2b
2 .

(A.2)

,ese are optimal because the Hessian matrix is negative

definite:|H| �
− 2 2b

2b − 2




� 4 − 4b2 > 0. ,en, we plug the

retailer’s equilibrium prices into the manufacturers’ profit
function:

πN
m � −

1
2

(− w + c)((2b − 2)w + a + 1). (A.3)

Solving the first-order condition (zπN
m/zw) � 0 yields

wN � (1 + a + 2c − 2bc/4(1 − b)); it is optimal because
(z2πN

m/zw2) � 2b − 2< 0.
,en, we plug them into the retailer’s equilibrium prices:

p
N
r

p
N
e �

1 + 5a + 2c +(5 + a)b − 2b
2
c

8 1 − b
2

 
.

(A.4)

Proof of Theorem 2

Given any wholesale price w, the retailer will choose a
group of retail prices pr and pe to maximize his profit given
by equations (5), (6), and (8). As the retailers’ profit
function is not differentiable everywhere, we drive the
retailer’s optimal decisions in two steps. First, we drive the
retailers’ optimal decision which is conditional on the price
of e-tail channel which is lower than that of regular
channel, conditional on the price of e-tail channel which is
equal to that of regular channel, or conditional on the price
of e-tail channel which is higher than that of regular
channel. In the former case, dA

r � 1 − (pr + θ(pr − pe)) +

bpe and dA
e � a − pe + bpr. In the middle case,

dA
r � 1 − pr + bpe, dA

e � a − pe + bpr, and pr � pe. In the
last case, dA

r � 1 − pr + bpe, dA
e � a − (pe+

θ(pe − pr)) + bpr. Second, the optimal solutions from three
cases are compared to determine the retailer’s global op-
timal solution, and then the following solution method for
the retailer is the same as ,eorem 1.

It can be shown that when 4 + 4(1 − b)θ − 4b2 − θ2 > 0,
the Hessian matrix is negative, and the optimal pricing
under the situations that the price of e-tail channel is lower
than that of regular channel is as follows: when a + 1 + (2b −

2)w> 0 and 0 < θ < (2(b − 1)(a − 1)/a + 1 + (2b − 2)w) or
a + 1 + (2b − 2)w< 0 and θ> (2(b − 1)(a − 1)/a + 1+

(2b − 2)w), the optimal profit and price of regular channel
and e-tail channel of the retailer are

p
L
r �

2(ab + w + 1) − θ2w +(a + 3w − 3bw)θ − 2b
2
w

4 + 4(1 − b)θ − 4b
2

− θ2
,

(A.5)

p
L
e �

2(a + b + w) − θ2w +(1 + 2a + w − bw)θ − 2b
2
w

4 + 4(1 − b)θ − 4b
2

− θ2
,

(A.6)
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ΠL
r �

1 + 2(1 − b)
2
(b + θ + 1)w

2
+ a

2
+ 2ab + a

2
+ a θ − ((3a + 1)θ + 2(b + 1)(a + 1))(1 − b)w

4 + 4(1 − b)θ − 4b
2

− θ2
. (A.7)

When the price of e-tail channel is equal to that of
regular channel, it is easy to obtain that the retailer’s profit
function is a concave function of price, and the optimal price
and profit of retailer are, respectively,

p
∗
e � p
∗
r � p

U
�
1 + a + 2w − 2bw

4(1 − b)
, (A.8)

πU
r �

(1 + a + 2bw − 2w)
2

8(1 − b)
. (A.9)

It can be shown that when 4 + 4(1 − b)θ − 4b2 − θ2 > 0,
the Hessian matrix is negative; the optimal pricing under the
situations that the price of e-tail channel is higher than that
of regular channel is as follows: when a + 1 + (2b − 2)w< 0
and θ> (2(1 − b)(a − 1)/a + 1 + (2b − 2)w), the optimal
profit and price of regular channel and e-tail channel of the
retailer are

p
H
r �

2(ab + w + 1) − θ2w +(2 + a + w − bw)θ − 2b
2
w

4 + 4(1 − b)θ − 4b
2

− θ2
, (A.10)

p
H
e �

2(a + b + w) − θ2w +(1 + 3w − 3bw)θ − 2b
2
w

4 + 4(1 − b)θ − 4b
2

− θ2
, (A.11)

πH
r �

2(1 − b)
2
(b + θ + 1)w

2
− ((a + 3)θ + 2(b + 1)(a + 1))(1 − b)w +(a + 1)θ + a

2
+ 2ab + 1

4 + 4(1 − b)θ − 4b
2

− θ2
. (A.12)

By comparing equations (A.7), (A.9), and (A.12), we can
get the optimal equilibrium decisions of retailer as shown in
,eorem 2. Given the retailers’ optimal decision, the
manufacturer’s decision problem can be described as
follows:

s.t.

pe � p
L
e

w>
a + 1
2 − 2b

w>
(a + 1)θ + 2(1 − b)(a − 1)

2(1 − b)θ

pr � p
L
r .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(A.13)

,en using the K.T. conditions to solve equation (A.12)
can easily get manufacturer’s optimal decisions.

Proof of Theorem 3

Similar to the solution of ,eorems 1 and 2, given any
wholesale price, the retailer will choose a group of retail
prices and maximize his profit given by equations (9), (10),
and (12). As the retailers’ profit function is not differentiable
everywhere, we drive the retailer’s optimal decisions in two
steps. First, we drive the retailers’ optimal decision which is
conditional on the price of e-tail channel which is lower than
that of regular channel, conditional on the price of e-tail

channel which is equal to that of regular channel, or con-
ditional on the price of e-tail channel which is higher than
that of regular channel. In the former case, dS

r � 1 − (pr +

θ(pr − pe)) + bpe and dS
e � a − pe + b(pr + θ(pr − pe)). In

the middle case, dS
r � 1 − pr + bpe, dS

e � a − pe + bpr, and
pr � pe. In the last case, dS

r � 1 − pr + b(pe + θ(pe − pr))

and dS
e � a − (pe + θ(pe − pr)) + bpr. Second, the optimal

solutions from three cases are compared to determine the
retailer’s global optimal solution. And then the following
solution method is the same as that in,eorems 1 and 2 and
will not be repeated here.

Proof of Corollary 1

p
N
r − p

N
e �

1 − a

2b + 2
> 0,

d
N
r − d

N
e �

1
2

−
1
2

a> 0.

(A.14)

Proof of Corollary 2

(1) wN∗ − wA∗
1 � (2bc + a − 2c + 1/4b − 4)< 0, wN∗−

wA∗
2 � (2bc + a − 2c + 1/4b − 4)> 0, and wN − wA∗

3
� (1/8)(θ(a − 1)/(b − 1)(b + θ + 1))> 0.

(2) wN − wS∗
1 � (2bc + a − 2c + 1/4b − 4)< 0, wN− wS∗

2
� (2bc + a − 2c + 1/4b − 4)> 0, and wN − wS∗

3 �

− (1/8)(θ(a − 1)/(b− 1)(b + θ + 1))> 0.
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(3) wA∗
3 − wS∗

3 � − (1/8)(θ(a − 1)b(2θ + 1 + b)/(b +

θ + 1)(θ+ 1)(b − 1)(b + 1))< 0.
(4) (zwA∗

3 /zθ) � − (1/8)((b + 1)(a − 1)/(b − 1)(b + θ+

1)2)< 0 and (zwS∗
3 /zθ) � (1/8)(a − 1/(θ + 1)2

(b + 1))< 0.

Proof of Corollary 3

πN∗
m − πS∗

m1 �
1
16

(2bc + a − 2c + 1) (2bc + a − 2c + 1) (1/4)θ2 +(b − 1)θ + b
2

− 1  +(b − 1)(2 − 2a)θ 

(1/4)θ2 +(b − 1)θ + b
2

− 1 (1 − b)
> 0,

πS∗
m1 − πA∗

m1 � −
1
2

θ(a − 1) (1/4)θ2 + b + 2θ + 1 (2bc + a − 2c + 1)b

(1/4)θ2 +(b − 1)θ + b
2

− 1  (b − 1)θ2 +(4b + 4)θ + 4b + 4 
< 0.

(A.15)

Proof of Corollary 4

(1) pA∗
r1 − pS∗

r1 � − (1/8)((2bθ + θ2 + 12b + 4θ − 4)(a −

1)bθ/((b − 1)θ2 + (4b + 4)θ + 4b + 4)((1/4)θ2 + (b−

1)θ + b2 − 1)); when b< (− θ2 − 4θ + 4/2θ + 12),
pA∗

r1 <pS∗
r1 ; when b> (− θ2 − 4θ + 4/2θ + 12), pA∗

r1 >pS∗
r1 .

(2) pA∗
e1 − pS∗

e1 � (1/4)((− (1/2)θ2 + (b − 6)θ + 2b −

6)θ(a − 1)b/((1/4)θ2 + (b − 1)θ + b2 − 1)((b−

1)θ2 + (4b + 4)θ + 4b + 4))< 0.
(3) πA∗

r1 − πS∗
r1 � (1/8)(θ((b − 2)θ + 4b −

4)(a − 1)2b/((b − 1)θ2 + (4b + 4)θ + 4b + 4)((1/4)θ2 +

(b− 1)θ + b2 − 1))> 0.
(4) (pA∗

r1 − pA∗
e1 ) − (pS∗

r1 − pS∗
e1 ) � − (1/2)(b((b − 2)θ +

4b − 4)θ(a − 1)/((1/4)θ2 + (b − 1)θ + b2 − 1)((b−

1)θ2 + (4b + 4)θ + 4b + 4))> 0.
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