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This paper investigates a dual-channel supply chain in which a manufacturer sells the product via an offline retailer or online store.
The manufacturer sets the wholesale and online price, and the retailer decides the retail price with the retailer’s fairness preference
and consumer’s online channel preference. Through investigating the combined impacts of fairness preference and channel
preference on the enterprises’ operational strategies, this paper obtains some meaningful results. If a manufacturer thinks over the
fairness preference, he decreases the wholesale price to mitigate a loss of retailer and benefit the supply chain design. The
manufacturer intends to set up the online channel with a lower acceptance as the fairness preference grows. However, the gains
from enhanced online channel acceptance cannot compensate for the manufacturer’s loss by the fairness effect that benefits the
retailer. Moreover, the manufacturer cannot neglect the retailer’s fairness preference generating a “lose-lose” case for

both members.

1. Introduction

With the increasing innovation of information technology
and vigorous publicity by commercial organizations, con-
sumers are getting used to online shopping. According to
China Statistical Yearbook-2020, online sales in China
reached 155.2 billion dollars in 2019, increasing 16.5% over
the previous year (https://www.chinainternetwatch.com/
30232/retail%202019/). To seize the Internet opportunity,
many enterprises have set up the supply chain composed of
online and offline channels such as Apple, Nike, Zara, and
Huawei, and many scholars study dual-channel supply chain
under different cases. A few papers focus on how the
consumer’s online channel preference impacts the dual-
channel strategy (Chiang et al. [1], Xu et al. [2], and Zhang
et al. [3]), while others try to find the operational strategy for
the dual-channel supply chain (Guo et al. [4] and Zhu et al.
[5]). There is also a lot of research (Chen et al. [6], Cui et al.
[7], Guan et al. [8], Niu et al. [9], and Pan et al. [10]) studying

the impact of fairness preference in the supply chain, es-
pecially the supply chain design decisions and coordination.
However, the combined effect of the retailer’s fairness and
consumer’s online channel preference is ignored in the dual-
channel design, which motivates our research. To fill this
gap, our paper considers a dual-channel system in which the
retailer has fairness preference, and the consumers are
differentiated in online channel acceptance. The primary
purposes of our research are to address the following issues:

(1) Varying with consumer’s online channel preference
and fairness concern, how do the manufacturer and
retailer decide their operational strategy, including
pricing and dual-channel design? Also, how do the
related parameters affect the manufacturer’s and
retailer’s strategy?

(2) With the increases in the consumer’s online channel
preference, can the manufacturer’s profit be better
when the retailer has a fairness preference?
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(3) Can the manufacturer ignore the retailer’s fairness
preference? What strategy would be adopted by the
retailer if the manufacturer ignores it?

To tackle these issues, the paper establishes a dual-
channel decision model composed of a manufacturer (he)
and a retailer (she). The model has three circumstances: the
retailer without fairness preference, the manufacturer
considering her fairness preference, and ignoring her fair-
ness preference. The paper studies the synergistic impact of
consumer online channel acceptance and retailer’s fairness
preference on members’ pricing decisions and profits. It
compares and analyzes optimal decisions under the above
three circumstances. Different from other literatures that
independently examine the influence of supply chain en-
terprises’ decisions from the perspective of consumer’s
online channel preference or retailers’ fairness, this paper
obtains some meaningful conclusions as follows: (i) If a
manufacturer thinks over the fairness preference, he de-
creases his wholesale price to mitigate a loss of retailer. The
increase in consumer online channel acceptance would
strengthen the trend. However, the manufacturer also in-
tends to build an online channel with a lower consumer
online channel acceptance to decrease his dependence on the
retailer. (ii) Whether the manufacturer considers or ignores
fairness preference, the increase of consumer online channel
acceptance cannot compensate for the manufacturer’s loss
due to the retailer’s fairness effect. The manufacturer’s in-
terest concessions via wholesale price reduction caused by
the consideration of the retailer’s fairness preference exceed
the benefit from the increase of online shopping. (iii) If the
manufacturer overlooks the retailer’s fairness, they will fall
into a “lose-lose” case. The retailer would price higher to
make up for the online market’s loss, which also injures her
profit. This also brings harm to the sale resulting in the
reduction of the manufacturer’s profit.

The rest of the paper is arranged as follows. Section 2 is a
review of relevant literature with two streams. Section 3
establishes a game model with one leading manufacturer and
one following retailer. It examines the members’ pricing
decisions and profits when the retailer has no fairness
preference as a benchmark case. Section 4 consists of two
situations as comparative cases, where the manufacturer
considers or ignores the retailer’s fairness preference. The
enterprises’ decisions and profits in two different situations
are obtained. Section 5 analyzes the manufacturer’s deci-
sions on setting up the online channel under different
scenarios. Section 6 makes some comparisons between
different situations. Section 7 concludes the paper.

2. Literature Review

This paper is related to two literature streams: the online
channel preference and the retailer’s fairness preference in
the supply chain.

The first related stream of the literature focuses on the
online channel preference that includes Zhang et al. [3], Guo
etal. [4], Zhu et al. [5], Cai [11], Cao [12], Dumrongsiri et al.
[13], Dan et al. [14], Gao et al. [15], Hua et al. [16], Huang

Mathematical Problems in Engineering

and Swaminathan [17], Li et al. [18], Lu and Liu [19], Ranjan
and Jha [20], and Yoo and Lee [21]. For instance, Zhang et al.
[3] find that the channel selections are determined by the
consumer’s online acceptance. Guo et al. [4] show that the
dual channel may make traditional retailers feel threatened.
Dumrongsiri et al. [13] show that the uncertain demand
obviously affects the optimal pricing and the manufacturer’s
incentive to seek an online channel. Hua et al. [16] dem-
onstrate that consumer acceptance of online purchases can
positively affect the manufacturer’s online pricing and lead
to longer delivery lead times. Li et al. [18] find that, with the
high consumer’s online acceptance, the manufacturer pro-
vides customized products under the decentralized and
centralized supply chain structures. Gao et al. [15] and Lu
and Liu [19] investigate how the consumer’s online ac-
ceptance affects the dual-channel excepted profits and obtain
that the consumer’s online acceptances positively affect the
manufacturer’s profit, while the retailer’s gain is the op-
posite. Ranjan and Jha [20] think over the effect of retailers’
risk attitude and demand uncertainty on the pricing
mechanism among dual-channel members.

The second related stream of the literature concentrates
on fairness preference in supply chain management in-
cluding Chen et al. [6], Cui et al. [7], Guan et al. [8], Niu et al.
[9], Caliskan-Demirag et al. [22], Duetal. [23], Ho et al. [24],
Katok and Pavlov [25], Q. H. Li and B. Li [26], Nie and Du
[27], and Du et al. [28]. Cui et al. [7] introduce members’
fairness preference into the dyadic supply chain and con-
clude that the channel can be coordinated by using a
wholesale price contract. Guan et al. [8] extend the analysis
of the impact of peer-fairness or Nash bargaining fairness
preference on the pricing of supply chain enterprises and the
overall efficiency of the supply chain. Niu et al. [9] study the
role of channel strength and fairness preference in online
channel opening and find that supplier fairness concerns are
not conducive to online channel development. Chen et al.
[6] and Pan et al. [10] show that the enhancement of the
retailer’s rights will make her pay attention to the fairness of
her own profits, which may improve the supply chain’s
performance. Caliskan-Demirag et al. [22] research channel
coordination issues with different fairness concerns through
a simple wholesale price and other nonlinear demands. Du
et al. [23] analyze the impact of fairness preference behavior
on enterprise decisions and channel efliciency and show that
although channel efficiency will be reduced, fairness pref-
erence still coordinates the supply chain in specific cases.
Q. H. Liand B. Li [26] study the channel issues with retailer’s
fairness preference and show the fairness concern’s negative
impacts on channel efficiency.

The above literature studies the influence of supply chain
members’ decision-making in the sense of consumer’s
online channel preference or retailers’ fairness. Unlike the
related research, our paper first studies the combining effect
of both consumer’s online channel preference differences
and the retailer’s fairness preference on supply chain de-
cisions. Therefore, our paper theoretically enriches the
supply chain design research, which is more practical. It
helps decision-makers be aware of the critical role of fairness
preference behavior and online consumer heterogeneity in
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decision-making. Moreover, our research allows decision-
makers to use these factors to reach supply chain efficiency
improvement and provide guidance for the enterprises.

3. Benchmark Model

3.1. Model Description. This paper develops a dual-channel
supply chain, including one manufacturer (he) and one
retailer (she). There is a Stackelberg game between the
manufacturer and the retailer, with the manufacturer
dominating the supply chain and the retailer being the
follower. The manufacturer wholesales the product at the
wholesale price w to the retailer, with the cost ¢, while the
retailer sells it to consumers at a retail price p,. With the
popularity of online shopping, the manufacturer opens up
an online channel to increase market penetration with
online price p, and gain more profits. In turn, the manu-
facturer has a dual-channel structure, consisting of an offline
channel and an online channel as shown in Figure 1.

The demand function refers to the analyses of Chiang
et al. [1], Dan et al. [14], and Huang and Swaminathan [17].
The manufacturer’s online channel demand function g, and
the retailer’s offline channel demand function g, are as
follows:

9e = ea_bpe-l_lpr’ (1)

g, =(1-6a-bp, +Ap,, (2)

where a indicates the basic demand of the market.
0 (0 <0< 1) measures the consumer’s online channel pref-
erence and 1 — 0 indicates the consumer’s offline channel
acceptance. b denotes the influence factor of the channel
price on demand, while A denotes the influence factor of the
cross-price with b > \.

The manufacturer’s rationality means that the maxi-
mization of its profit is the decision-making process’s de-
cision-making goal. The fairness preference of a retailer
indicates that the retailer is concerned with maximizing its
utility when making decisions. The retailer’s fairness pref-
erence model draws on the FS model [29], and its utility
function is the following:

U, = U—amax(l;[—lj[ﬁ) —ﬁmax(U—lZ[,O).
(3)

The coefficients of o and f3 are the disadvantage and
advantage inequity aversion, respectively. Qin and Yang [30]
show that, in the Stackelberg game of the two-tier supply
chain, the member playing the leadership role can reap more
than half of the overall profits. Thus, in this study, only the
disadvantage inequity averseness of the retailer is consid-
ered. The retailer’s utility function is as follows:

U, :U—(xmax<l;[—lj,0>. (4)

The relevant symbols are shown in Table 1.
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FIGURE 1: The dual-channel supply chain.

TaBLE 1: Nomenclature.

Notation Definition

Manufacturer’s profit
Retailer’s profit
Manufacturer’s utility
Retailer’s utility
Wholesale price
Online channel price
Offline channel price
Manufacturer’s cost
Consumer’s online channel preference
Total market demand
Price elasticity
Cross-price elasticity
Coefficient of retailer fairness preference
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3.2. The Retailer without Fairness Preference. In this context,
the profits functions of the manufacturer and the retailer are
as follows:

1—[ =(w-o0)g, + (Pg - C)qe’ (5)

m

U =(p, ~w)q,» (6)

and, with backward induction to solve this problem, it can be
easily verified that when the retailer has no fairness pref-
erence, the equilibrium pricing strategies and profits for the
manufacturer and the retailer are

(A +b0-10)a+(b* - A*)c
Pe= 2(b2 —Az) ’

(7)

_ (b+20-bb)a +(b* - A*)c
B 2(6° - 1) ’

(8)

B (-0 +202b+ 1) -V ]a+c(b-N)(b+))
br= 4b(b* - 1) '
(9)

According to the above optimal pricing decisions, the
optimal profits for the retailer and the manufacturer without
fairness preference are



1—[ [a(6-1) +bC(b A)] (10)
@h - 2acll - V)Ay + S B-VA

1;[ 8b(b* - 1*)

where A, = (3b* + \1)6* —4bAO(6 - 1) + (1 - 26) (b* + A%),
A, =0(b-A)+ (b+1), and A, = 3b* + A* + 4bA.

4. The Model with the Retailer’s
Fairness Preference

There are two circumstances when the retailer has a fairness
preference. One case is when the manufacturer considers the
retailer’s fairness preference and the other is when the
manufacturer ignores it. The paper analyzes the different
cases with Sections 4.1 and 4.2. The subscript * represents the
manufacturer’s optimal decisions considering the retailer’s

(A+b6-16)a +(b” - 1*)c
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fairness preference; the subscript means the optimal
choices with the manufacturer ignoring the retailer’s fairness
preference.

4.1. The Manufacturer Considers the Retailer’s Fairness
Preference. In this situation, the utility functions of the
manufacturer and the retailer are

U,.=[] (12)

UT:U—a<1;[—U>:(1+a)U—(x1;[. (13)

Lemma 1. When the manufacturer considers the retailer’s
fairness preference, the equilibrium pricing strategies and
profits for the manufacturer and the retailer are

p. = 2(1’)2 _)Lz) > (14)
. Bac+ b’ — (A + (8- Da)a + (0 - Da)b’ +((2ad0 - 3cA*)a + ard — cA’ )b - (-Ac + (6 - Da)\’« (s
YT 26(6 — ) (1 + 20) ’
. [BPa-0)+1002b+21)-A]a+c(b-1)(b+1)
Py = . (16)

4b(b* - 1%)

According to the above optimal pricing, it can be ob-
tained that [], and [],, in this case are

o [a(@-1D+cb-M]P(4a+1)
H:

. 16b (20 + 1) ’ (17)

* a’B, - 2ac(b’ - 1*)B, + * (b - 1)’B,

l;[ B 8b(b* - 1*) (2a + 1) ’ (18)
where B, = [(5a+3)0+ (1+a)(1-20)]b*+ Ba+1)

(0-1)*+4bA(1-0)(1+2a), B, =3aB(b-1)+b(a+06)
+A(3a—0) +b+ A, and By = (5a+ 3)b? + (3o + 1)A* + 4bA
2a+1).
Proof of Lemma 1. Solving the Stackelberg game, the
backward induction is used as follows.

Inserting (6) and (12) into (13) produces

Ur = (1 + 06) (pr - w) ((1 - e)a - bpr +AP9)
—a(w-c)((1-0)a-bp, +Ap,) (19)
- ‘x(pe _C) (6[1 _bpe +Apr)'

As (9U,/dp,) = 0 and (0°U,/0p?) = —2b(1 + a) <0, the
retailer has the only optimal retail price. The first-order
partial derivative of U, concerning p, is expressed as follows:
[a(1-0)—c(b+A)+2bw]la+a(l-0)+bw-Ap,

2b(1+a) '

pr(w,p,) =
(20)

To verify that [],, is a joint concave function on
wholesale price w and online price p,, the second-order
conditions can be obtained:

r 2
) Hz’“ =—b(1+2a)<0’
ow 1+«
Tl 22
; ” - -2b<0,
opp  (xap S 21)
2
O, _ (1420
| ow0p, l+a
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As the Hessian matrix of the [],, above formulae is
negative, it has a unique optimal solution. Then setting
(011,,/6w) and (611,,/8p,) to zero yields

[a(1-0)+3bc—3cA+4Ap,Ja+a(l—0)+bc—cA+2Ap,

2b(1 + 2a)

>

(22)

(2ab6 — akf + 2b°c - 3bcl + 4bw) + cA® + al )« + 2ab0 — aA + 2b’c — bl + 2bw) — cA” + a)

be =

Solving (20) and (22) can obtain the optimal pricing as
(14)-(16). Then inserting (14)-(16) into (5) and (6) produces
the equilibrium profits for the retailer and the manufacturer
as (17) and (18). Lemma 1 is proved.

4.2. The Manufacturer Ignores the Retailer’s Fairness
Preference. In this subsection, the paper assumes that the
retailer’s fairness preference information is not taken into
account by the manufacturer. Under this condition, the

* %

2(2b2¢x +2b% - /\2)

manufacturer still prices considering that the retailer has no
fairness preference, which is represented by w** = w and
ps* = p.. However, the retailer has a fairness preference and
uses the utility function of equation (13) to make optimal
decisions.

Lemma 2. When the manufacturer ignores the retailer’s
fairness preference, the offline price and the manufacturer’s
and retailer’s profits are

(2abA6 — 4ab’60 + 2a1°60 + 2b*cA — 2cA’ + 4ab” — 2aA*)a + [3b7 (1 - 6) + 10 (2b + 1) = A*]a+ c(b— 1) (b + 1)’

’ 4b(1+a)(b* - 1%)

[1, and [],, can be calculated as
o [a(@-1+c(b-V]*(1+2a)

U ) 16b(1 + )’ ’ (24)
e g’Cl - 2ac(b2 - )LZ)CZ +c(b-1)Cy
l;[ B 8b(t* - 1) (1 + ) > 2

where C, = (2 + 3)b*6” — 4bA0(0 - 1) (1 + a) + [2a(6 —1)*
+P I+ (1-20) (B +1%), C,=0(b-1)(a+1)+2alb
+b+ A, and C; = [(b+AV)a+2b] (b + 7).

Following the calculating process of the proof of Lemma
1 in Section 4.1, Lemma 2 can be easily proved. The detailed
formulae are not provided here.

5. Supply Chain Design Analysis

This section analyzes the manufacturer’s decisions on setting
up the online channel under different scenarios. When the
manufacturer ignores the fairness concern of the retailer, his
strategy is the same as the retailer who has no fairness
preference shown in Section 4.2. Therefore, the two possible
situations are as follows.

5.1. The Retailer without Fairness Preference. As the manu-
facturer’s online price is greater than the wholesale price

(23)

(p, > w), thisresultsin 8> (1/2).If0 < 0 < (1/2), then p, <w.
The retailer can purchase large quantities of goods from the
online channel and then sell them offline to make more
profits, contrary to the manufacturer’s original intention to
set up an online channel.

Moreover, the retailer’s offline channel’s price should be
greater than the manufacturer’s wholesale price, which
means that p, >w and results in 0< ((a—c(b-1))/a). If
((a=c(b-A))/a) < 0<1,then p, <w. It will bring loss to the
retailer and cause the retailer to abandon the offline channel.
The dual-channel supply chain may need to be reconstructed
if 6 is out of ((1/2), ((a — c(b - A))/a)).

Following the same analytical process above, this paper
could find that the range is as same as that when the
manufacturer ignores the fairness concern of the retailer.
The paper concludes the supply chain design strategy in
Lemma 3 as follows.

Lemma 3. If the retailer does not have fairness preference or
the manufacturer ignores her preference, the manufacturer
intends to build an online channel when 0> (1/2). When 6
approaches ((a — c (b — A))/a), the retailer may choose to quit
the supply chain.

Lemma 3 indicates that when the retailer has no fairness
preference or the manufacturer ignores it, the manufacturer



chooses to develop an online channel when the consumers
are more receptive to them. Furthermore, the retailer is
unwilling to participate in the dual-channel operation if the
online channel acceptance exceeds a threshold. For the
manufacturer, if he continues to use the dual channel to
protect market penetration, he may need to provide addi-
tional benefits for the retailer.

5.2. The Manufacturer Considers the Retailer’s Fairness
Preference. Now this paper discusses the supply chain de-
sign strategy when the retailer possesses the fairness pref-
erence. Following the analytic process in Section 5.1, it can
get 0> ((ac(b? - A3 + aa (b)) +ab)/ (a(3ba — al + 2b)))
as pr>w*. With p’>w*, it gets 0< ((a—-c(b-1))/a).
When the lower bound ((ac(b*-21%) +aa(b-21)
+ab)/ (a (3ba — al + 2b))) is used to get the derivation of a,
(b +M)[2c(b-2) —al)/(a(3ba — a) +2b)*)) <0 can be
obtained. This shows that the manufacturer intends to de-
velop a new road to market as he decreases the wholesale
price for the retailer’s fairness concerns. The upper bound of
0 remains unchanged because the high consumer’s online
channel preference may lead to the suspension of the re-
tailer’s sales. So, the upper bound of 6 is not affected by
fairness preference.

Lemma 4 shows the manufacturer's supply chain design
strategy when considering the retailer's fairness preference.

Lemma 4. When the manufacturer takes the retailer’s
fairness into account, the dual-channel supply chain works if
and only if ((ac(b* - 2% +aa(b-2) + ab)/ (a(3ba — a) +
2b))) <0< ((a-c(b-A))/a). With the increase of the
fairness preference coefficient, the lower bound of 6 will
gradually decrease.

Intuitively, if the retailer focuses on fairness, the
manufacturer will transfer some profit to the retailer to
eliminate its fairness. However, the manufacturer also
wants to offset the offline supply chain’s loss by adding an
online channel. This brings a decrease in the starting point
of opening an online channel. As the acceptance is low, the
retailer does not think that the online channel is a threat,
and the manufacturer can also get a little profit by adding
an online channel. Lemma 4 shows that if a retailer pursues
the fairness of her profit excessively, the manufacturer
becomes urgent for setting up an online channel, even
though consumers have a low preference for an online
channel. However, this is not beneficial for the retailer,
which means that she should maintain an appropriate level
of fairness.

6. Comparative Analysis

Given the strategies under the three circumstances men-
tioned in Section 3 and 4, this paper compares operational
strategies between the manufacturer and the retailer to
analyze the effects of the retailer’s fairness preference and
consumer’s online channel preference.

Mathematical Problems in Engineering

6.1. Pricing Comparison

Lemma 5. For pricing strategies,

(@) po=p, =p."> w <w=w", and p, = p; <p*;
(b) (ow*/0a)<0, (ow*/00)<0, (0p; */oa)>0, and
(op,*/00) <0.

Proof of Lemma 5. When the manufacturer considers the
retailers’ fairness preference, w* -w<0; (dw*/oa) =
((@(@-1)+c(b-21)/(2b(1+2a)*)) and (ow*/36) =
—((ala(b— V) +b])/2b(b+A)(1 +2x)))<0 can be ob-
tained when formula (15) is used to get the derivations of «
and 0. (Ow*/0a) = ((a(0-1)+c(b-A)/(2b(1 +2a)*) <0
because 0< ((a —c(b — 1))/a) is demonstrated in Lemmas 3
and 4. When the manufacturer ignores the retailer’s fairness
preference, pr* —p,>0. (op;* 1oa) = ((a(1 - 0)—
c(b-MN)/(4b (1+a)*)>0 and (0p**/90) = —((a[b(4a +
3)+AQ2a+ 1)])/(4b(b+1)(1+a)))<0 can be obtained
when formula (23) is used to get the derivation of a.

It can be seen from Lemma 5 that when the manu-
facturer thinks over the retailer’s fairness preference, the
wholesale price reduces as the fairness preference coeffi-
cient increases. If the manufacturer ignores it, the retail
price improves with the fairness preference coefficient
increasing. Moreover, taking the rise in consumers’ online
channel preferences into account, the wholesale will decline
faster, but the retail price growth slows down. To dem-
onstrate the impact of the fairness preference coeflicient on
supply chain members’ pricing decisions and profits in
Lemma 5 more clearly, this paper numerically analyzes the
above model and discusses the results. The numerical re-
sults are shown in Figures 2 and 3 with
a=100,b = 1,1 = 0.4, c = 10. The parameter values are also
applicable to subsequent numerical legends. As shown in
Figure 2, it can be seen directly that when 0 is constant, with
the increase of a, w* continues to fall. In order to make the
dual channels work, the value of 6 should be greater than 1/
2. Moreover, when « is constant, the wholesale price still
deceases with the increase of 8. According to Figure 3, when
0 is constant, with the increase of «, the retail price im-
proves when the manufacturer ignores the retailer’s fair-
ness preference. If « is constant, the retail price decreases
with the increase of 0.

When the manufacturer takes the retailer’s fairness
preference into account, he lowers the wholesale price to
maintain the balance of channel profit distribution.
When the increase in consumer’s online channel pref-
erence weakens the retailer’s market competitiveness,
consumers are willing to choose shopping online. To
compensate for the loss of the retailer, the manufacturer’s
wholesale price will fall more. Moreover, because the
manufacturer ignores the retailer’s fairness preference,
with the fairness preference increase, the retailer’s focus
on fairness will force her to raise pricing for the sake of
maintaining profits. However, with the increase of con-
sumer’s online preference, the retailer chooses to reduce
the retail price attracting consumers to select the offline
channel.
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FiGure 3: The influence of a and 6 on p; *.

6.2. The Retailer’s Profits Comparison

Lemma 6. For the retailer’s profits under the above three
circumstances,

@ II; >I1,> I1,”
(b) (01, /0a)>0, (O[T, /06) <0, (O], /0a) <0, and
@1 /36) <0

Proof of Lemma 6. It can be easily calculated from (10), (17),
and (24) that [T, -[[, >0 and [], - []”" >0. (0[] /0a) =
([a(@=1) +c(b- D]/ (8bQa+ 1)D)>0 and D[]/
00) = (a(@a+D[a(0-1)+c(b-M]/ (8 (1+2a))<0
can be obtained when (17) is used to get the derivation of «
and 6. (O[], /0a) = ((—a[a(B—1) +c(b -3/ (8b(1+
@)*) <0 and (A]]* /90) = ((a(2a+1) [a(6-1)+ c(b-
M1)/(8b(1 + 2a)%)) < 0 can be obtained when (24) is used to
get the derivation of a and 0.

Lemma 6 shows that the retailer can increase profitability
when she focuses on fairness. The manufacturer considers
the retailer’s fairness preference, which enhances the re-
tailer’s bargaining power. He transfers profits to the retailer

in various ways, consistent with the recent literature, such as
Caliskan-Demirag et al. [22] and Ho et al. [24]. However, it is
obvious that the retailer’s profit with the manufacturer
considering the retailer’s fairness preference improves when
the consumer’s online acceptance increases. If the manu-
facturer ignores her fairness preference, the retailer intends
to increase profits by increasing her pricing demonstrated in
Lemma 5. But this reduces the retailer’s sales and results in a
decrease in the retailer’s profit. Moreover, the retailer’s profit
decreases faster as the consumer’s online channel preference
increases. It is easy to understand that the number of
consumers choosing to shop oftline reduces while the online
channel acceptance increases. This decrease in retailer sales
leads to a decline in profits if the manufacturer ignores the
retailer’s fairness preference and does not transfer the
earning.

The numerical analysis also shows the above results more
intuitively. From Figure 4, if 0 is at a certain value, with the
increase of «, the retailer’s profit with the manufacturer
considering her fairness preference improves. However, if
is at a certain value, the retailer’s profit decreases with the
increase of 6. Similarly, it is obvious from Figure 5 that when
0 is at a certain value, with the increase of «, the retailer’s
profit with the manufacturer ignoring the retailer’s fairness
preference reduces. If « is at a certain value, the retailer’s
profit also decreases with the increase of 6.

6.3. The Manufacturer’s Profits Comparison

Lemma 7. For the above three circumstances,

@ [Tn> 1, > I
(b) Q[L,/00)<0, (2[IL,/26) >0,
and (0[], " /06) > 0.

Proof of Lemma 7. With formulae (11), (18), and (25), [[,, —
[1,,>0 and [[, -TI," >0 are got. (o]];, /0a)=
~(([a(@-1) +c(b-V)]*)/(8b(1 +2)*) <0 and (O[],/
00) = ((a?[aB(5b-31) —a(b-31)+0(3b-1) —(b-1)] -
ac(Ba+1)(b=212))/(4b(1 + a) (b + 1)) >0 can be obtained
when (18) is used to get the derivation of « and 6. Calculating
with (25), (0[], /0a) = = (([a(6— 1)+c(b -01%)/ (8b
(1+2@)*)<0 and (O[]." /06) = ((a*[0(3b -A)+ 2ad+
(b-1)(2a8-1)] —aca+1)(b* - 1*)/ (4b(1 +a)  (b+
A)) > 0.

@1 /9a) <0,

Lemma 7 shows that whether the manufacturer con-
siders the retailer’s fairness preference or not, the manu-
facturer’s profit will be lower than the case when the retailer
has no fairness preference. When the manufacturer thinks
over the retailer’s fairness preference, he will reduce his
profit to add the retailer’s profit, thus ensuring the fairness of
channel profit distribution. Moreover, the manufacturer’s
profit when he considers the retailer’s fairness preference is
higher than that when he ignores it. When the manufacturer
ignores the retailer’s fairness preference, this may enlarge the
retailer’s fairness concerns and lead to broader damage. This
means that if the retailer has a fairness preference, the
manufacturer should consider this behavior more favorable.
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Taking the increase of consumer’s online channel preference
into account would benefit the manufacturer’s profit for
both cases. However, the manufacturer’s profit that in-
creased by the online channel is smaller than the profit
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Figure 7: The influence of a and 6 on [],".

transfer for the retailer’s fairness preference. When more
consumers intend to shop online, this injures the retailer’s
profit and magnifies her fairness requirements. To ensure the
channel operation, the manufacturer can only choose to give
the retailer more incentives.

To visually show the analysis in Lemma 7, the paper
applies a numerical example. As shown in Figures 6 and 7, it
can be seen that whether the manufacturer considers the
retailer’s fairness concern or not, the manufacturer’s profit
will reduce with the increase of a but improve with the
increase of 6. The main reason is that the enhancement of
fairness preference makes the manufacturer have to give up
profit; otherwise, it is difficult to carry out dual-channel
cooperation. On the contrary, enhancing consumers’ online
acceptance enables the manufacturer to obtain more profit
from an online channel, leading to an increased profit in the
whole dual channels.

7. Conclusions

This paper first attempts to study the compound impact of
the retailer’s fairness preference and consumer’s online
channel preference on supply chain enterprises’ operational
strategy. A single manufacturer sells his products by online
and offline channels with a retailer in the dual-channel
supply chain. To observe supply chain enterprises’ opera-
tional decisions, this paper uses three circumstances. The
benchmark one is that the retailer has no fairness preference,
while the manufacturer considers or ignores the retailer’s
fairness preference as comparative cases. The study shows
that the manufacturer intends to build an online channel
with lower consumer acceptance when the manufacturer
takes the retailer’s fairness preference into account. The
wholesale price and manufacturer’s profit are lower than
those in the benchmark case, while the increase in con-
sumer’s online channel preference can narrow the gap. The
retailer’s profit is higher than that without fairness prefer-
ence because of the manufacturer’s interest concession.
When the manufacturer ignores the retailer’s fairness
preference, the retailer will increase offline channel pricing,
which hurts the manufacturer’s and the retailer’s profits,
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although the increase of consumer’s online channel ac-
ceptance benefits the manufacturer. These results demon-
strate that the manufacturer needs to take fairness
preference into account to avoid a “lose-lose” situation when
the retailer possesses a fairness preference. If the acceptance
degree of the online channel is high to a certain extent, the
manufacturer needs to provide additional revenue for the
retailer to ensure the operation of the dual-channel strategy.
For the retailer, her fairness preference needs to be main-
tained at an appropriate level; otherwise, the manufacturer
will start online channel construction earlier, which will
affect his profit level.

This paper focuses on the retailer’s fairness preference,
but, in practical operation, all decision-makers may possess
fairness preferences, and the fairness preference could be
extended to a more elaborate setting. The market demand is
determined to be a linear demand in the study. However, the
market demand is random and uncertain or changes to
dynamic, which also deserves further study.
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