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Abstract	
To	 explore	 the	 impact	 of	 bidirectional	 fairness	 concerns	 and	 consumer	 channel	
preferences	on	the	decision‐making	of	each	member	in	a	dual‐channel	supply	chain,	the	
decision	models	were	 constructed	under	 the	 consumer	preference	 and	 the	 different	
situations	 of	 member	 fairness	 neutral,	 retailers	 considering	 bidirectional	 fairness	
concerns	 and	 the	 manufacturer	 and	 retailers	 considering	 bidirectional	 fairness	
concerns	at	the	same	time.	The	results	show	that:	with	the	increase	of	consumer	channel	
preferences,	retailer’s	profits	will	increase;	When	the	dual‐channel	retailer	has	the	same	
consumer	 channel	 preference	 for	 both	 distribution	 channels,	 the	 two	 distribution	
channels	have	 the	 same	 selling	price;	 vertical	 fairness	 concerns	of	 two	 retailers	 can	
increase	their	bargaining	power,	weakening	the	dominant	position	of	manufacturer;	it	
is	not	conducive	to	the	overall	coordination	of	the	supply	chain	when	both	of	retailers	
and	the	manufacturer	considering	fairness	concerns.	
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1. Introduction	

With	 the	 continuous	 development	 of	 Internet	 technology	 and	 the	 prosperity	 of	 electronic	
commerce,	consumers’	purchasing	habits	have	gradually	shifted	from	offline	shopping	to	online	
shopping,	so	the	online	sale	channel	has	become	an	important	retail	channel.	In	order	to	adapt	
to	this	change,	some	traditional	offline	retailers	have	begun	to	open	online	sales	channels	and	
combine	 them	 with	 traditional	 retail	 channels	 to	 form	 a	 dual‐channel	 sales	 model.	 In	 this	
context,	how	to	determine	their	own	optimal	pricing	between	dual‐channel	retailers	that	open	
up	online	channels	and	offline	traditional	channel	retailers,	and	how	to	occupy	a	larger	market	
share	have	become	issues	that	retailers	need	to	consider.	
At	present,	the	channel	selection	strategy	and	channel	pricing	strategy	of	the	supply	chain	have	
aroused	 the	attention	of	domestic	and	 foreign	scholars.	Chiang	et	al.	 [1]	 studied	 the	pricing	
strategy	of	manufacturers	and	retailers	in	a	dual‐channel	supply	chain.	Yao	and	Liu	[2]	used	
game	tools	to	study	the	competition	between	retail	channels	and	online	channels	and	proposed	
corresponding	strategies.	Li	et	al.	[3]	studied	the	optimization	problem	of	dual‐channel	supply	
chain	 under	 the	 same	 pricing	 conditions.	 Chen	 et	 al.	 [4]	 studied	 the	 pricing	 strategy	 of	
manufacturers	who	opened	up	online	channels.	Ding	et	al.	[5]	considered	a	dual‐channel	supply	
chain	composed	of	a	manufacturer	and	a	retailer,	and	analyzed	the	optimal	pricing	strategy.	Li	
et	al.	[6]	considered	optimal	pricing	under	the	centralized	and	decentralized	models	in	a	dual‐
channel	supply	chain	where	there	is	a	free‐riding	situation	between	two	competing	retailers.	Li	
et	al.	[7]	studied	the	pricing	and	greenness	of	members	in	a	dual‐channel	supply	chain.	Li	et	al.	
[8]	 studied	 the	 pricing	 problem	 between	 a	 dual‐channel	 manufacturer	 and	 two	 competing	
traditional	retailers.	Lin	et	al.	[9]	analyzed	the	manufacturer's	decision	on	product	quality	and	
pricing	under	different	channels	in	the	Stackelberg	game	model.	Wei	et	al.	[10]	analyzed	the	
pricing	 problem	 of	 a	 dual‐channel	 supply	 chain	 composed	 of	 manufacturers	 and	 multiple	
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competing	retailers	based	on	multiple	game	modes.	Kong	et	al.	 [11]	studied	the	influence	of	
retailers	opening	up	online	sales	channels	on	the	supply	chain	in	the	dual‐channel	supply	chain	
where	manufacturers	opened	up	direct	sales	channels.	Sun	et	al.	[12]	studied	the	supply	chain	
system	of	one	manufacturer	and	two	competing	retailers,	and	obtained	the	retailer's	pricing	
strategy	by	analyzing	different	power	structures.	It	is	worth	noting	that	in	most	of	the	above‐
mentioned	 scholars’	 studies,	 the	 assumptions	 for	 each	 member	 of	 the	 supply	 chain	 are	
completely	rational.	However,	in	the	actual	environment,	each	member	of	the	supply	chain	is	
bounded	rational	and	self‐interested,	and	personal	attitudes	also	influence	one's	own	behavior	
and	decision‐making	to	a	certain	extent,	in	the	decision‐making	process	of	each	member	of	the	
supply	chain,	it	is	not	only	the	pursuit	of	maximization	of	their	own	interests,	but	also	more	
attention	to	fairness.	When	members	of	the	supply	chain	feel	unfairly	treated,	they	may	take	
measures	to	punish	the	other	party,	which	leads	to	the	failure	of	the	supply	chain	equilibrium	
decision‐making	based	on	a	completely	rational	assumption,	so	it	is	necessary	to	introduce	the	
theory	of	fairness	concerns	into	the	dual‐channel	supply	chain	to	more	truly	and	objectively	
reflect	the	decision‐making	issues	of	the	members	of	the	supply	chain.	
Cui	 et	 al.	 [13]	 studied	 the	 impact	 of	 fairness	 concerns	 on	 channel	 coordination	 in	 a	
manufacturer‐led	supply	chain.	Wang	et	al.	 [14]	 introduced	 fairness	concerns	 into	 the	dual‐
channel	supply	chain,	and	studied	the	impact	of	fairness	concerns	on	channel	pricing	strategies.	
Yao	 et	 al.	 [15]	 studied	 the	 impact	 of	 fairness	 concerns	 on	 the	 pricing	 strategy	 of	 a	 single	
manufacturer	and	single	retailer	in	a	closed‐loop	supply	chain.	Zeng	et	al.[16]	have	constructed	
a	 closed‐loop	 supply	 chain	 pricing	 model	 in	 four	 situations:	 centralized,	 fair	 and	 neutral,	
manufacturers	consider	retailers’	fair	concerns	and	manufacturers	do	not	consider	retailers’	
fair	concerns	in	a	dual‐channel	supply	chain	which	retail	have	fair	concerns.	Baozhuang	et	al.	
[17]	 studied	 the	 influence	 of	 channel	 rights	 and	 fairness	 concerns	 on	 the	 manufacturer's	
decision	 to	 open	 online	 channels.	 Zheng	 et	 al.	 [18]	 studied	 the	 impact	 of	 retailers’	 fairness	
concerns	on	profit	distribution	based	on	a	 closed‐loop	 supply	 chain	 composed	of	 suppliers,	
distributors	and	retailers.	in	the	literature	that	has	considered	fairness	concerns,	most	of	the	
researches	 tend	 to	 focus	 on	 the	 profit	 distribution	 between	 upstream	 and	 downstream	
enterprises	 in	 the	 vertical	 supply	 chain,	 and	 less	 consider	 the	 horizontal	 fairness	 concerns	
between	competing	enterprises.	Zhang	et	al.	[19]	studied	the	impact	of	enterprises'	horizontal	
and	vertical	fairness	concerns	on	supply	chain	coordination	mechanisms.	Xu	et	al.	[20]	based	
on	a	reverse	supply	chain	system	composed	of	a	remanufacturer	and	two	competitive	recycling	
platforms,	and	introduced	two‐way	fairness	concerns	to	analyze	the	optimal	decisions	of	each	
member	of	the	supply	chain.	Chen	et	al.	[21]	studied	the	impact	of	manufacturers'	bidirectional	
fairness	concerns	on	the	competition	strategy	of	closed‐loop	supply	chains.	Wu	[22]	introduced	
fairness	concerns	into	the	dual‐channel	supply	chain,	and	constructed	a	dual‐channel	supply	
chain	pricing	decision	model	with	fairness	concerns	for	online	retailers.	Li	et	al.	[23]	studied	
the	 pricing	 strategy	 between	manufacturers,	 offline	 retailers	 and	 online	 retailers	 based	 on	
consumer	channel	preferences	and	bidirectional	 fairness	concerns,	and	 introduce	wholesale	
price	discounts	and	service	cost	sharing	contracts	to	coordinate	the	main	body	of	the	supply	
chain.	
In	 summary,	 the	 existing	 literature	 has	 not	 covered	 the	 situation	 where	 manufacturers,	
traditional	 offline	 retailers,	 and	 dual‐channel	 retailers	 in	 a	 dual‐channel	 supply	 chain	
simultaneously	have	bidirectional	 fairness	concerns.	 In	 reality,	with	 the	development	of	 the	
Internet,	more	and	more	retailers	have	opened	up	online	channels,	which	will	have	an	impact	
on	 traditional	offline	 retailers.	On	 the	one	hand,	 retailers	will	 face	pressure	on	profits	 from	
leading	upstream	manufacturers.	On	the	other	hand,	competing	retailers	will	also	be	affected	
by	channel	conflicts.	This	article	will	focus	on	a	dual‐channel	supply	chain	composed	of	a	single	
manufacturer,	 traditional	 offline	 retailers,	 and	 dual‐channel	 retailers	 that	 open	 online	 sales	
channels	as	the	research	object,	discuss	the	impact	of	two‐way	fairness	concern	behavior	and	
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consumer	channel	preference	on	the	behavioral	decisions	of	each	member	of	the	supply	chain,	
in	order	to	provide	a	reference	for	the	reasonable	decision‐making	of	each	member	in	the	dual‐
channel	supply	chain.	

2. Model	Analysis	

This	 article	 considers	 a	 secondary	 supply	 chain	 consisting	 of	 a	 manufacturer	 and	 two	
competing	 retailers	 (R ,R ).	This	article	 considers	a	 secondary	 supply	 chain	 consisting	of	 a	
manufacturer	and	two	competing	retailers.R sells	goods	through	offline	channels,	and	R 	sells	
through	dual	channels	(Figure	1).	
	

Manufacturer

Consumer

R1 R2

ω

rp1 rp2 d2p

	
Figure	1.	Schematic	diagram	of	dual‐channel	supply	chain	system	

	
Suppose	the	manufacturer	produces	and	sells	homogeneous	products,	and	a	Stackelberg	game	
is	played	between	R 	and	R ,	where	the	manufacturer	is	the	leader	and	the	R 	and	R 	are	its	
followers.	 There	 are	 horizontal	 fairness	 concerns	 between	 the	 two	 retailers,	 and	 vertical	
fairness	 concerns	 between	 manufacturers	 and	 retailers.	 Considering	 that	 there	 are	 three	
distribution	channels	 in	 the	 supply	 chain,	 this	 article	 sets	 the	 consumer	channel	preference	
coefficient	 of	 the	 offline	 retail	 channel	 of	 the	 dual‐channel	 retailer	 as	 α 0 α 1 ,the	
consumer	 channel	 preference	 coefficient	 of	 online	 retail	 channels	 is	β 0 β 1 ,then	 the	
consumer	channel	preference	coefficient	of	the	offline	retail	channel	of	a	single‐channel	retailer	
is	 1 α β ,the	 larger	 the	α 	and	β 	are,	 the	 consumers	 are	 more	 inclined	 to	 choose	 the	
corresponding	channel	to	buy	goods.	
The	demand	functions	of	R ’s	offline	channels,	R ’s	offline	channels,	and	online	channels	are	as	
follows:	

1                                            			(1)	
 

		                                                          		(2)		
 

                                                         		(3)	
	
Where	D and	D (k r, d)represent	 the	 sales	 volume	 of	R and	R ,	 respectively,	 reflecting	
market	 demand.	 the	 subscript	r	represents	 offline	 channels,	 and	 the	 subscript	d	represents	
online	direct	sales	channels.	Q	represents	 the	 total	demand	of	 the	market,p 	represents	 the	
selling	 price	 of	 a	 single‐channel	 retailer,	p 	and	p 	respectively	 represent	 the	 offline	 and	
online	 sales	 prices	 of	 dual‐channel	 retailers.k 0 k 1/2 is	 the	 price	 elasticity	 coefficient	
between	channels,	which	is	the	influence	coefficient	of	price	changes	between	two	competing	
retailers	on	demand,	it	reflects	the	substitutability	of	the	product.	
The	profit	functions	of	R 	and	R 	are	as	follows:	
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Π                                                                      	(4)	
 

	Π                                          	(5)	
 

The	manufacturer's	profit	function	is	as	follows:	
	

Π                           (6)	
 

In	 the	 above	 formula,	ω	is	 the	 manufacturer's	 wholesale	 price,	 and	cis	 the	 manufacturer's	
production	cost.	

2.1. Neither	Retailer	Nor	Manufacturer	Considers	Optimal	Decisions	When	
Fairness	Concerns(Case	N)	

In	 this	 case,	 the	 manufacturer	 first	 determines	 the	 wholesale	 price	 on	 the	 premise	 of	
maximizing	 its	own	profits,	and	 then	 the	 retailers	adjust	 their	 retail	prices	according	 to	 the	
wholesale	price	to	maximize	their	profits.	Take	the	inverse	method	to	solve:	
First	solve	for	the	partial	derivative	of	Π 	with	respect	to	p :	

∂Π
∂p

1 α β Q k p p ω 2p 	

∂ Π
∂p

2 0	

It	can	be	seen	that	Π is	a	strictly	concave	function	of	p and	Π has	a	maximum	value.	Then	
solve	the	partial	derivative	of	Π with	respect	to	p and	p :	

∂Π
∂p

αQ k p p k p ω ω 2p 	

∂ Π
∂p

2 0	

∂Π
∂p

βQ k p p k p ω ω 2p 	

∂ Π
∂p

2 0	

It	 can	 be	 seen	 that	Π is	 a	 strictly	 concave	 function	 of	p 	and	p ,so	Π 	has	 a	maximum	

value.Let	 0, 0, 0,	 perform	a	 joint	 solution	 to	obtain	 the	 retailer's	offline	

retail	price	and	the	retailer's	online	and	offline	retail	prices	as	follows:	

p∗ 																																															(7)	

p∗ 																																						(8)	

p∗ 																																						(9)	

Simultaneous	 formulas	(1)‐(3)	and	(7)‐(9)	are	substituted	 into	 formula	(6),	and	the	second‐
order	optimal	condition	of	the	manufacturer's	profit	function	is	obtained	as	follows:	

d Π
dω

2 2k k 7k 3
k 2k 2
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It	is	easy	to	know	that	 0 0 k 1/2 ,let	 0,we	can	get	the	manufacturer's	best	
wholesale	price	as	follows:	

ω∗ 																																															(10)	

Combining	formulas	(1)‐(6)	and	(7)‐(10),	the	manufacturer's	optimal	profit,	optimal	retail	price	
and	optimal	profit	of	R and	R 	can	be	solved.	

2.2. The	Optimal	Decision	When	Two	Retailers	Consider	Bidirectional	Fairness	
Concerns(Case	A)	

This	section	considers	the	decision‐making	issues	when	two	retailers	have	fair	concerns.	At	this	
time,	the	two	retailers	no	longer	regard	maximizing	their	own	profits	as	the	decision‐making	
goal,	but	contrast	with	the	profits	of	competitors	and	manufacturers,	seeking	to	maximize	their	
own	utility	and	formulating	optimal	pricing	strategies.	The	reason	for	this	situation	is	that	on	
the	one	hand,	manufacturers	in	a	leading	position	usually	get	more	profits	than	retailers,	and	
on	the	other	hand,	the	two	competing	retailers	will	also	be	affected	by	channel	competition.	As	
a	result,	retailers	will	have	an	unfair	psychological	tendency	because	of	the	mismatch	between	
the	pay	and	the	return.	With	reference	to	the	hypothesis	of	Du	et	al.	[24],	the	utility	function	
when	two	retailers	have	fair	behaviors	of	concern	is	expressed	as	follows:	

U Π γ Π Π δ Π Π 																																(11)	

U Π γ Π Π δ Π Π 																																(12)	

This	article	assumes	that	the	horizontal	fairness	concern	coefficients	(γ)among	retailers	in	the	
supply	chain	are	the	same, 0 γ 1 .The	vertical	fairness	concern	coefficient δ 	between	the	
retailer	and	the	manufacturer	is	the	same, 0 δ 1 .In	formula	(11),Π is	the	profit	function	
of	 the	 retailer,	 γ Π Π 	is	 the	 horizontal	 fairness	 concern	 utility, δ Π Π 	is	 the	
vertical	fairness	concern	utility,	and	equation	(12)	is	the	same.	When	γ、δ 0,indicates	that	
the	retailer	does	not	consider	fairness	concerns,and	The	larger	γ、δ	is,	the	higher	the	degree	of	
fairness	concern.	
Like	 situation	n,	 the	manufacturer	 is	 in	 a	 leading	position	 in	 the	 supply	 chain,	 and	 the	 two	
retailers	 are	 its	 followers,	 since	 the	 two	 retailers	 have	 fair	 concerns,	 they	no	 longer	 aim	 to	
maximize	their	own	interests,	but	pursue	their	own	maximum	utility.	The	decision	sequence	is	
that	the	manufacturer	determines	its	own	wholesale	price	ω	based	on	the	sales	prices	of	the	
two	 retailers,	 and	 then	 the	 two	 retailers	 determine	 their	 own	 retail	 prices	 based	 on	 the	
wholesale	prices.	Solve	by	inverse	method:	
First	solve	for	the	second	partial	derivative	of	U 	with	respect	to	p :	

∂ U
∂p

2 δ γ 1 0	

It	can	be	seen	that	U 	is	a	strictly	concave	 function	with	respect	 to	p 	and	has	a	maximum	
value.	Then	solve	for	the	second	partial	derivative	of	U 	with	respect	to	p 	and	p :	

	
∂ U
∂p

∂ U
∂p

2 δ γ 1 0	

	
It	can	be	seen	that	U 	is	a	strictly	concave	function	of	p 	and	p 	and	has	a	maximum	value.Let	

0, 0, 0,Performing	 a	 simultaneous	 solution	 can	 obtain	 the	 offline	 retail	

price	of	R 	and	the	online	and	offline	retail	prices	of	R 	as	follows:	
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																			p∗ ∆ ∆ ∆ ∆

∆ ∆
																																																								(13)	

								p∗ ∆ ∆ ∆ ∆ ∆

∆ ∆
																																																				(14)	

	p∗ ∆ ∆ ∆ ∆ ∆

∆ ∆
																																																				(15)	

	
In	 the	 above	 formula, ∆ 2 δ 2δγ 2δ γ 2γ 1 , ∆ δ k 2δ 4δγ 2δk
4δ 2γ 4γ k 2, ∆ 3δ k 2δ 5δγk 4δγ 6δk 4δ 2γ k 2γ 5γk
4γ 3k 2, ∆ 2δ k 2δ 4δγk 4δγ 4δk 4δ 2γ k 2γ 4γk 4γ 2k
2, ∆ 2δ k δ 2γδk 3γδk γδ 2δk 2δ, ∆ δ k 2k 2 δγ 2k 3
δ 2k 2k 3 γ 2k k 1 γ 2k k 2 k 1, ∆ 2δ k 6δ k 4δ
2δγk 3δγk δγk 6δγ 2δk 7δk δk 6δ 2γ 2γk γk 3γk 4γ k
k 2, ∆ 2δ k 5δ k δ k 2δ 4δγk 2δγk 2δγ 2δk 5δk δk
2δ, ∆ 3δ k 2δ k 4δ 2δγk 2δγk 8δγ 6δk 4δk 8δ 4γ 2γk
2γk 8γ 3k 2k 4, ∆ δ k 2δ k 2δγk 6δγk 2δk 4δk 4γ k 2γk
6γk k 2k, ∆ 2 δ k δ k δγk δγk 2δk 2δk γk γk k k .	
Similar	to	the	solution	process	of	the	aforementioned	situation,	the	simultaneous	equations	(1)‐
(3),	(6)	and	(13)‐(15)	can	obtain	the	optimal	wholesale	price	set	by	the	manufacturer	as	follows:	
	

ω∗ ∆ ∆ ∆

∆
																																																														(16)	

	
In	 formula	 (16), ∆ 2δ k δ k 6δγk 3δγk 4δk 2δk 4γ k 2γ k 6γk
3γk 2k k, ∆ 2δ k 2δ 4δγk 2δγk 4δγ 4δk 4δ 4γ k 2γ k
2γ 4γk 2γk 4γ 2k 2, ∆ 20δ k 34δ k 58δ k 18δ 16δγk
64δγk 76δγk 24δk 36δk 72δk 24δ 8γ k 8γ k 10γ k 6γ 24γk
12γ 4k 2k 14k 6, ∆ 24δ k 36δ k 72δ k 24δ 16δγk 64δγk
100δγk 36δγ 32δk 40δk 100δk 36δ 16γ k 16γ k 20γ k 12γ
48γk 24γ 8k 4k 28k 12.	
Combining	 formulas	 (1)‐(6)	 and	 (13)‐(16),	 the	manufacturer's	optimal	profit,	 optimal	 retail	
price	and	optimal	profit	of	R and	R 	can	be	solved.	

2.3. The	Optimal	Decision	When	the	Manufacturer	and	the	Two	Retailers	
Simultaneously	Consider	Fairness	Concerns(Case	b)	

On	 the	 basis	 of	 section	 2.2,	 this	 section	 will	 further	 discuss	 the	 optimal	 decision‐making	
problem	when	each	member	of	the	supply	chain	considers	fair	behaviors	at	the	same	time.	At	
this	time,	all	three	of	them	are	aimed	at	maximizing	their	own	utility.	the	manufacturer’s	utility	
function	in	Case	b	is	as	follows:	
	

U Π δ Π Π δ Π Π 	

	
Where	Π 	is	 the	 manufacturer's	 profit	 function,δ Π Π is	 the	 manufacturer's	 vertical	
fairness	 concern	 utility	 on	 retailer	R , δ Π Π is	 the	 manufacturer's	 vertical	 fairness	
concern	utility	on	retailer	R ,Similar	to	the	solution	process	of	Case	a,	the	retail	prices	of	the	
two	retailers	can	be	obtained	as	follows:	
	

p∗
Q α β ∆ ∆ 2c∆ 2ω∆

2 ∆ k∆
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p∗
Q α∆ β∆ ∆ 2c∆ 2ω∆

4 ∆ k ∆ δ 2δ 1
	

p∗
Q α∆ β∆ ∆ 2c∆ 2ω∆

4 ∆ k ∆ δ 2δ 1
	

	
In	the	same	way,	the	solution	process	similar	to	the	aforementioned	situation	can	obtain	the	
optimal	wholesale	price	ω∗ 	set	by	the	manufacturer,the	optimal	profit	of	retailers	R 	and	R 	
and	manufacturer's	optimal	profit	Π .	

2.4. Result	Analysis	
Through	the	analysis	of	the	above	results,	the	following	theorems	can	be	obtained:	
Proposition	1	When	α β,	in	the	three	cases,	the	retailer	has	the	same	retail	price	in	the	two	
channels.	
Proof.	In	Case	n,	assuming	that	α β η,	then:	

p∗
Q η∆ η∆ ∆ 2c∆ 2ω∆

4 ∆ k ∆ δ 2δ 1
p∗ 	

p∗
Q η∆ η∆ ∆ 2c∆ 2ω∆

4 ∆ k ∆ δ 2δ 1
p∗ 	

Proposition	1	shows	that	when	the	consumer	preferences	of	the	two	channels	of	a	dual‐channel	
retailer	 a	 are	 the	 same,	 regardless	 of	 whether	 each	 member	 in	 the	 supply	 chain	 has	 fair	
concerns,	the	same	online	and	offline	pricing	is	the	optimal	strategy.	

Proposition	2	When	α β,	in	all	three	cases,	p∗ p∗ , i n, a, b.	

Proof.	In	Case	i	,	when	α β	p∗ p∗ 0, i n, a, b.	

Proposition	2	shows	that	when	the	market	share	of	a	dual‐channel	retailer’s	online	channel	is	
greater	than	that	of	its	traditional	offline	channel,	regardless	of	whether	each	member	of	the	
supply	 chain	 has	 fair	 concerns,	R 's	 optimal	 pricing	 of	 online	 channels	 is	 greater	 than	 the	
optimal	pricing	of	its	traditional	retail	channels.	

3. Numerical	Analysis	

3.1. When	Each	Member	of	the	Supply	Chain	Does	not	Consider	Fairness	
Concerns	

Considering	 the	 complexity	 of	 the	model,	 this	 section	 selects	 specific	 values	 to	 analyze	 the	
influence	of	consumer	channel	preferences	on	the	optimal	pricing	and	optimal	profits	of	each	
supply	chain	member.	The	selected	values	are	shown	in	Table	1.	
	

Table	1.	Value	selection	
Examples	 α	 β	 Q	 c	 k	
Example1	 1/4	 1/4	 20	 2	 0.2	
Example2	 1/10	 2/5	 20	 2	 0.2	
Example3	 1/3	 1/3	 20	 2	 0.2	
Example4	 1/5	 1/5	 20	 2	 0.2	

	
Example	1	indicates	that	the	total	market	demand	of	R 	and	R 	is	the	same,	and	the	online	and	
offline	 demand	 of	 the	 retailer	 is	 also	 the	 same.	 Example	 2	 indicates	 that	 the	 total	 market	
demand	of	R and	R is	the	same,	which	changes	the	online	and	offline	demand	of	R .	Example	
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3	represents	the	situation	where	the	market	demand	of	R and	the	online	and	offline	demand	of	
R 	are	 the	 same.	 Example	 4	 indicates	 that	 the	 total	 demand	 of	R is	 greater	 than	 the	 total	
demand	of	R .	
According	 to	 the	 values	 in	Table	 1,	 the	 optimal	 pricing	 and	 optimal	 profits	 of	 retailers	 and	
manufacturers	are	calculated	as	shown	in	Table	2.	
	

Table	2.	Optimal	pricing	and	optimal	profit	for	given	examples	
Examples	 ω	 p 	 p 	 p Π Π 	 Π 	

Example1	 6.6159	 9.8406	 7.6630	 7.6630	 10.3983	 1.7543	 22.6181	
Example2	 6.6159	 9.8406	 6.4130	 8.9130	 10.3983	 5.5043	 22.6181	
Example3	 6.5556	 8.3077	 8.4829	 8.4829	 3.0700	 5.9435	 22.0302	
Example4	 6.6522	 10.7603	 7.1711	 7.1711	 16.8768	 0.4309	 22.9746	

	
The	 following	conclusions	can	be	obtained	 from	Table	2:	When	 the	 total	market	demand	of	
R and	R is	the	same,	R 's	optimal	profit,	manufacturer's	optimal	wholesale	price	and	optimal	
profit	are	the	same	(As	shown	in	Example	1	and	Example	2).	For	retailers,	the	higher	the	level	
of	consumer	channel	preference,	that	is,	the	greater	the	total	demand,	the	greater	the	optimal	
profit.	When	R 's	online	and	offline	consumer	channel	preferences	are	the	same(α β),	R 	has	
the	same	optimal	pricing	in	both	channels.	
Further	explore	the	influence	of	the	online	channel	market	share	of	dual‐channel	retailers	on	
the	pricing	level	and	total	revenue	of	each	member	in	the	supply	chain.	Taking	dual‐channel	
R 's	 offline	 channel	 consumer	 preference	α 0.3,	 online	 channel	 consumer	 preference	β ∈
0,0.5 ,	the	result	is	shown	in	Figure	2.	
	

	
Figure	2.	Supply	chain	members’	pricing	and	revenue	follow	the	influence	of	β	

	
According	to	Figure	2,	as	β	increases,	 the	optimal	pricing	and	revenue	of	R 	decrease.	 this	 is	
because	R 	gradually	loses	the	market	and	needs	to	lower	prices	to	attract	consumers,	and	at	
the	 same	 time,	 the	 benefits	 will	 also	 decline.	 In	 the	 same	way,	 as	 the	 share	 of	R 's	 online	
channels	 increases,	R 's	 revenue	 also	 increases	 rapidly.	 And	 the	 profit	 curve	 of	R 	shows	 a	
trend	 of	 first	 decline	 and	 then	 rise	 with	 the	 increase	 of	 	β 	,this	 is	 because	 as	 consumers	
gradually	recognize	online	channels,	it	will	inevitably	lead	to	conflicts	with	the	daily	operations	
of	physical	channels,	so	the	initial	profits	of	dual‐channel	retailers	continue	to	decrease,	when	
more	consumers	in	the	market	prefer	online	channels,	online	channels	have	gradually	become	
the	mainstream	channel	for	dual‐channel	retailers,	and	profits	will	continue	to	increase.	

3.2. The	Influence	of	Retailer	 's	Consumer	Channel	Preference	Level	 	on	the	
Profit	and	Utility	of	the	Manufacturer	and	the	Two	Retailers	

Given	γ δ 0.4, α 0.3,	the	impact	of		β	on	the	profit,	utility	of	the	manufacturer	and	the	two	
retailers	is	shown	in	the	following	figures:	
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Figure	3.	The	influence	of	β	on		Π 	

	
It	can	be	seen	from	Figure	3	that	with	the	increase	of	retailer	R 's	online	channel	consumer	
channel	preference	β,	the	manufacturer's	profit	decreases	in	all	three	cases,	and	Π Π
Π .This	 shows	 that	 retailers’	 fair	 concerns	will	 reduce	 the	 dominant	 advantage	 of	 leading	
manufacturers.	When	β	increases,	R 	gradually	occupies	the	market,	enhancing	the	bargaining	
power	 with	 the	 manufacturer,	 causing	 the	 manufacturer	 to	 make	 concessions	 and	 reduce	
profits.In	Case	b,	compared	with	Case	a,	manufacturers	with	fair	concerns	are	more	concerned	
about	the	fairness	of	the	supply	chain,	which	will	benefit	retailers,	and	Π Π .	
	

	
Figure	4.	The	influence	of	β	on	Π       		Figure	5.	The	influence	of	β	on	Π 	

	
It	 can	 be	 seen	 from	 Figure	 4	 and	 Figure	 5	 that	 as	R ’s	 online	 channel	 consumer	 channel	
preference	level	β	increases,R ’s	profit	gradually	decreases,	andR ’s	profit	gradually	rises.	This	
shows	that	the	higher	the	retailer's	consumer	channel	preference	level,	the	greater	its	optimal	
profit.	
	

 
Figure	6.	The	influence	of	β	on	U 	
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It	can	be	seen	from	Figure	6	that	the	utility	of	the	manufacturer	in	Case	b	is	always	greater	than	
the	utility	in	Case	n	and	Case	a,	and	in	Case	b,	the	utility	of	the	manufacturer	first	increases	as	
the	 value	 of	β	increases	 and	 then	decreases,this	 is	 because	when	 the	 value	 of	β	is	 low,	 as	β	
increases,	 the	 profit	 of	 R 	gradually	 decreases,	 and	 the	 profit	 of	 R 	gradually	
increases.Combining	Figure	4	and	Figure	5	at	the	same	time,	the	profit	value	of	the	two	retailers	
in	the	market	is	close	and	at	a	lower	value	at	this	time,	so	the	utility	of	the	manufacturer	will	
increase.	When	 the	 value	 of	β	continues	 to	 increase,R 's	 profit	will	 continue	 to	 rise,	 so	 the	
manufacturer's	own	utility	will	decrease.	
	

	
Figure	7. The	influence	of	β	on	U 	     Figure	8. The	influence	of	β	on	U 	

	

Combining	Figure	7	and	Figure	8,	it	can	be	seen	that	as	β	increases,	the	utility	of	R 	gradually	
decreases,	and	the	utility	of	R 	gradually	increases.For	R ,	when	β	is	low,	fair	concern	behavior	
will	improve	its	own	utility,however,	as	β	increases,	the	utility	of	the	fair	concern	behavior	will	
gradually	decrease,	and	 it	will	even	be	 lower	 than	the	utility	value	without	 the	 fair	concern	
behavior.	

3.3. When	Each	Member	of	the	Supply	Chain	Considers	Fairness	Concerns	
This	 section	 discusses	 the	 impact	 of	 horizontal	 fairness	 concerns	 γ 	and	 vertical	 fairness	
concerns	δ	on	 the	decision‐making	of	 supply	chain	members,	given	α β 1/3, Q 20, c
2, k 0.2,the	result	is	shown	in	Figure	9.	
It	can	be	seen	from	Figure	9(a)	that	the	profit	of	the	manufacturer	increases	with	the	increase	
of	γ,	and	decreases	with	the	increase	of	δ,	and	Π 	is	always	smaller	than	Π .When	the	value	of	
δ 	is	 0,	 as	 γ 	increases,	 Π Π Π .This	 is	 because	 the	 increase	 in	 γ 	leads	 to	 vicious	
competition	between	the	two	retailers,	which	enables	the	manufacturer	to	profit	from	it.With	
the	increase	in	vertical	fairness	concerns,	the	dominant	position	of	manufacturers	will	become	
weaker	and	weaker,	resulting	in	a	gradual	decrease	in	manufacturers’	profits,	the	stronger	the	
horizontal	 fairness	 concern	behavior	 of	 the	 retailer,	 the	more	 the	manufacturer's	 dominant	
advantage	can	be	brought	into	play,	and	thus	more	profits	can	be	obtained.	
	

	
(a)The	trend	of	manufacturer's	profit	with	γ	and	δ	

Case	n	

Case	a	

Case	b	
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(b)The	trend	of	R 's	profit	with	γ	and	δ		(c)The	trend	of	R 's	profit	with	γ	and	δ	

Figure	9.	The	impact	of	fairness	concerns	on	the	profit	of	each	member	in	the	supply	chain	
	

From	Figure	9(b)	and	(c),	it	can	be	seen	that	the	profits	of	the	two	retailers	decrease	with	the	
increase	of	γ,	and	increase	with	the	increase	of	δ,	and	Π 	is	always	smaller	than	Π (i 1,2).	
this	shows	that	the	vertical	concern	behavior	is	conducive	to	the	two	retailers	to	obtain	more	
profits,	while	the	horizontal	fairness	concern	behavior	will	lead	to	vicious	competition	among	
retailers	and	reduce	the	profits	obtained.	As	δ	increases,	the	profit	of	the	retailer	in	Case	a	and	
Case	b	will	gradually	exceed	the	profit	in	Case	n.Since	in	this	numerical	setting,	the	market	size	
of	R 	is	larger	than	that	of	R ,	it	can	be	seen	from	the	figure	that	the	profit	of	R 	is	always	higher	
than	 that	of	R .In	 addition,	under	 any	 conditions,	Π Π (j R 、R 、m).This	 shows	 that	
when	manufacturers	have	 fair	concerns,	 the	profits	of	each	member	of	 the	supply	chain	are	
reduced,	which	is	not	conducive	to	the	coordination	of	the	entire	supply	chain.	
	

	
(a)The	trend	of	R 's	utility	with	γ	and	δ									(b)The	trend	of	R 's	utility	with	γ	and	δ	

	

	
(c)The	trend	of	manufacturer's	utility	with	γ	and	δ	

Figure	10.	The	impact	of	fairness	concerns	on	the	utility	of	each	member	in	the	supply	chain	
	

Case	n	

Case	b	

Case	a	

Case	b	

Case	a	

Case	n	

Case	a	
Case	n	

Case	b	

Case	n	

Case	a	

Case	b	

Case	b	

Case	n	

Case	a	
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It	can	be	seen	from	Figure10(a)	that	the	utility	of	R 	decreases	with	the	increase	of	its	fairness	
concern.In	horizontal	competition,	R 	has	a	lower	market	share	than	R .When	the	same	level	
of	fairness	concerns	is	generated,	the	impact	on	the	utility	of	R 	is	greater.And	the	profit	of	the	
dominant	manufacturer	and	R 	with	a	 large	market	share	 is	much	greater	 than	the	profit	of	
R ,this	will	increase	the	degree	of	fairness	preference	of	R ,	and	the	negative	effect	will	increase,	
which	will	greatly	reduce	the	utility	function.	
It	can	be	seen	from	Figure	10(b)	that	the	utility	of	the	R 	in	Case	a	and	Case	b	increases	with	
the	 increase	of	γ,	 and	decreases	with	 the	 increase	of	δ.When	δ	is	 small,	U U U ,	 in	
other	 cases,	U U U .Because	R 	occupies	 a	 larger	market	 share	 in	 the	market,	 the	
profit	is	greater	than	R ,when	the	degree	of	horizontal	fairness	concerns	increases,	it	will	be	
more	beneficial	to	retailers	with	a	larger	market	share,	and	the	utility	of	R 	will	increase.In	this	
supply	chain,	the	manufacturer	is	in	a	leading	position	and	gets	the	most	profits.Therefore,	the	
larger	the	vertical	fairness	concern	coefficient	δ	of	R ,	the	more	its	utility	declines.	
It	can	be	seen	from	Figure10(c)	that	in	Case	a,	the	utility	of	the	manufacturer	increases	with	the	
increase	of	γ,	and	decreases	with	the	increase	of	δ,this	is	because	when	γ	increases,	the	vicious	
competition	 between	 the	 two	 retailers	 is	 intensified,	 making	 the	manufacturer	 profit	 from	
it,when	the	vertical	fairness	concern	between	the	two	retailers	and	the	manufacturer	increases,	
the	utility	of	the	manufacturer	also	decreases.When	the	manufacturer	has	fair	concerns,	as	γ	
and	δ	increase,	 the	manufacturer’s	 utility	 will	 always	 increase,this	 is	 because	 in	 this	 game	
model,	the	manufacturer	is	in	the	dominant	position	of	the	Stackelberg	game,compared	with	
other	member	 companies	 in	 the	 supply	 chain,	 the	dominant	 company	will	 always	get	more	
profits.	At	this	time,	although	manufacturers	have	considered	vertical	fairness	concerns,	they	
have	a	“negative”	attitude	towards	the	fairness	of	the	supply	chain	and	have	not	shown	fairness	
to	retailers.	Instead,	the	ultimate	decision‐making	goal	is	to	pursue	maximization	of	their	own	
economic	utility.	

	
(a)The	trend	of	wholesale	price	ω	with	γ	and	δ	

	

(b)The	trend	of	p 	with	γ	and	δ					(c)The	trend	of	p ,	p 	with	γ	and	δ	
Figure	11.	The	impact	of	fairness	concerns	on	wholesale	and	retail	prices 

 

It	can	be	seen	from	Figure11(a)	that,ω ω ω because	the	manufacturer's	wholesale	price	
in	Case	n	is	obtained	when	fairness	and	neutrality	are	achieved,	in	this	case	the	manufacturer	
is	the	most	dominant,	so	the	optimal	wholesale	price	is	also	the	highest.Compared	with	Case	a,	

Case	n	

Case	b	Case	a	

Case	b	

Case	n	

Case	a	

Case	n	

Case	a	

Case	b	
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in	Case	b,	the	manufacturer	considers	fairness	concerns	and	aims	at	maximizing	its	own	utility,	
so	that	the	wholesale	price	is	higher	than	the	wholesale	price	in	Case	a,	but	still	lower	than	the	
wholesale	price	in	case	of	fairness	and	neutrality.	This	shows	that	fairness	concerns	can	indeed	
weaken	 the	 dominant	 position	 of	 manufacturers	 and	 strengthen	 the	 bargaining	 power	 of	
retailers.	
It	can	be	seen	from	Figure	11(b)	and	(c),p 	is	always	greater	than	p j 1r, 2r, 2d ,and	when	
the	 horizontal	 fairness	 concern	 coefficient	γ	increases,	 the	 retail	 prices	 of	 the	 two	 retailers	
decrease,this	 shows	 that	 the	 greater	 the	 horizontal	 fairness	 concern	 coefficient,	 the	 more	
intense	the	competition	between	the	two	retailers,	which	will	cause	retailers	to	adopt	price‐
cutting	strategies	to	attract	consumers.	At	this	time,	consumers	benefit	from	lower	retail	prices,	
while	manufacturers	benefit	from	higher	sales	and	wholesale	prices.	

4. Conclusion	

In	an	increasingly	competitive	market	environment,	in	order	to	gain	a	dominant	position	in	the	
market,	more	and	more	retailers	have	opened	up	online	sales	channels.	 In	 this	context,	 this	
article	considers	the	bidirectional	fairness	of	concern	behaviors	among	manufacturers,	offline	
retailers	and	dual‐channel	retailers	under	consumer	channel	preferences,	based	on	Stackelberg	
game	theory.	On	this	basis,	 the	 influence	of	consumer	channel	preferences	and	bidirectional	
fairness	concerns	on	the	decision‐making	of	each	member	of	the	supply	chain	is	analyzed,	and	
the	 following	 conclusions	 are	 obtained	 through	 model	 analysis	 and	 numerical	 simulation	
analysis:(1)When	the	total	market	demand	of	R 	and	R 	is	the	same,	retailer	R 's	optimal	profit,	
manufacturer's	 optimal	 wholesale	 price	 and	 optimal	 profit	 are	 the	 same.For	 retailers,	 the	
higher	 the	 level	 of	 consumer	 channel	 preference,	 that	 is,	 the	 greater	 the	 total	 demand,	 the	
greater	the	optimal	profit.(2)When	R 's	online	and	offline	consumer	channel	preference	levels	
are	the	same,	R 	has	the	same	optimal	pricing	in	the	two	channels.(3)From	the	perspective	of	
profit,	 as	 the	 proportion	 of	 R ’s	 preference	 for	 online	 channels	 increases,	 the	 profit	 of	
manufacturer	 and	R 	will	 decrease,	 and	 the	 profit	 of	R 	will	 increase.Compared	with	 other	
situations,	the	retailer's	profit	is	the	largest	in	Case	a,	and	Π Π (j R 、R 、m)	under	any	
conditions,	which	shows	that	when	the	manufacturer	has	fair	concerns,	it	is	not	conducive	to	
the	 coordination	 of	 the	 entire	 supply	 chain.(4)When	 vertical	 fairness	 concerns	 increase,	
manufacturers’	profits	and	wholesale	prices	will	decrease,	and	the	profits	of	the	two	retailers	
will	increase,	indicating	that	the	vertical	fairness	concerns	of	the	two	retailers	can	weaken	the	
manufacturer’s	dominant	advantage	and	enhance	retailers’	bargaining	power.	When	horizontal	
fairness	concerns	increase,	the	situation	is	reversed,	indicating	that	the	greater	the	horizontal	
fairness	concerns,	the	more	beneficial	it	is	for	manufacturers	and	consumers.	
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