
 

Abstract—In recent years, fairness has been 
increasingly emphasized in supply chain management 
studies. However, the existing literature focuses on its 
effect in non-cooperative environment. We innovatively 
incorporate fairness into cooperative supply chain, and 
investigate how it affects the firms’ optimal decisions 
and profits. Our results enable an efficient search for the 
firms’ optimal decisions. They also show that fairness 
concern of the manufacturer can promote demand, while 
fairness concern of the retailer can lower demand. In 
addition, when fairness concern of one firm is introduced 
into cooperative supply chain, an increase in its 
bargaining power can alleviate double marginalization 
effect. We conduct an extensive numerical study and find 
that introducing fairness concern of one firm into 
cooperative supply chain can increase that firm’s profit 
but decrease the other firm’s profit. Our numerical 
study also provides some insights on how the firms’ 
decisions and profits change with important factors such 
as fairness parameters and demand elasticity parameters. 

 
Index Terms—Fairness, Cooperative supply chain, 

Fairness preference factor, Elasticity of demand 

I.  INTRODUCTION 
RADITIONAL economics theory research is based on the 
pursuit of self-interest. In the past decades, the 

introduction of behavioral science that is represented by 
prospect theory has proved the existence of behavior 
preference in economics [1], which is inconsistent with 
traditional theories. With the development of experimental 
economics, some researchers have shown the existence and 
importance of fairness preference. They attempt to apply 
fairness preference to explain the economic phenomena 
deviating from reality. 

Researches in economics and marketing show that 
fairness plays an significant role in developing and 
maintaining channel relationship [2]-[3]. It is also important 
to introduce the fairness concept into supply chain 
management research. Supply chain collaboration is viewed 
as a business process where two or more partners work 
together toward common goals [4]-[5], and it is a common 
practice in various industries. However, among the existing 
literature, few papers study how fairness influences the 
cooperative supply chain. This paper is to fill the gap and 
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investigate the role of fairness in the cooperative supply 
chain. 

We consider a supply chain with a manufacturer and a 
retailer, where the manufacturer determines the order 
quantity (lot size) and the retailer determines the retail price 
and the marketing expenditure. As pointed out by Esmaeili 
et al. (2009) [6], in many large industries with high 
production cost, it is common that the sellers decide lot sizes. 
In addition, many business relationships are long-term, and 
the manufacturer may charge the retailer a fixed wholesale 
price. We successively formulate and analyze the 
decentralized supply chain (Model B), the cooperative 
supply chain (Model C), the cooperative supply chain with 
fairness-concerned retailer (Model FR) and the cooperative 
supply chain with fairness-concerned manufacturer (Model 
FM). The analytical results allow us to conduct a one-
dimensional search for the optimal lot size for solving each 
model. Given lot size, we compare the retailer’s decisions 
and induced demand in different models. In particular, we 
find that fairness concern of the retailer in cooperative 
supply chain leads to a lower demand compared with the 
case without fairness concern, whereas fairness concern of 
the manufacturer in cooperative supply chain leads to a 
higher demand. We also show that when fairness concern of 
one firm is introduced into cooperative supply chain, an 
increase in its bargaining power can alleviate double 
marginalization effect.  

We conduct an extensive numerical study to illustrate the 
results and to obtain more insights. Introducing fairness 
concern of one firm into cooperative supply chain can 
increase that firm’s profit but decrease the other firm’s profit. 
The higher fairness concern of that firm, the more benefit he 
can earn. Our numerical study also shows that as demand 
elasticity parameters change, the trends of the optimal 
decisions and profits are similar in Models FR, FM and C. 
The retailer’s profit decreases as price elasticity of demand 
increases or marketing expenditure elasticity of demand 
decreases. However, the manufacturer’s profit is decreasing 
in marketing expenditure elasticity of demand, and it is not 
monotone in price elasticity of demand. In addition, our 
numerical study illustrates that as the retailer’s bargaining 
power becomes larger, the retailer’s profit increases, 
whereas the manufacturer’s profit decreases. 

The remainder of this paper is organized as follows. 
Section Ⅱ reviews the literature on fairness and cooperative 
supply chain. Section Ⅲ provides the model description and 
some preliminary analysis. Section Ⅳ analytically compares 
the firms' decisions in different models. Section Ⅴ presents 
the numerical study. Section Ⅵ offers concluding remarks. 

II.  LITERATURE REVIEW 
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Our paper is related to two streams of literature: one is 
fairness, especially in supply chain management, and the 
other is cooperative supply chain. The fairness generally has 
two types: one is reciprocal fairness, and the other is 
inequity aversion. Reciprocal fairness judges fairness by 
perceiving kindness and unkindness of behavioural 
intentions. Rabin (1993) [7] constructs an economic model 
involving fairness intention. The optimal response function 
depends on not only each other’s strategic options but also 
his second order faith. Participants judge each other’s 
kindness according to the comparison between their own 
real benefits and expected fair benefits. The inequity 
aversion considers the relative consistency of investment 
and giving. Thus, people have a tendency of disgusting 
inequity. In such a model, participants care about the 
fairness of results but not the intentions of each other. Fehr 
and Schmidt (1999) [8] define the fairness as the inequity 
aversion. The utility function of a player is divided into 
three parts: absolute income utility, jealousy preference 
negative utility and sympathy preference negative utility. 
Bolton and Ockenfels (2000) [9] propose another inequity 
aversion model called ERC (equity, reciprocity and 
competition), where the participants focus on their own 
profits and the relative level of total profit. Following the 
work by Fehr and Schmidt (1999), we consider the 
distributional fairness between the supply chain members. 

As the pioneering work of incorporating fairness concern 
in supply chains, Cui et al. (2007) [10] investigate how the 
fairness may affect channel coordination. They find that the 
wholesale price contract can coordinate the supply chain. 
Based on Cui et al. (2007), Caliskan-Demirag et al. (2010) 
[11] analyze the case of nonlinear demand and extend the 
scope of the wholesale price contract. However, the demand 
hypothesis is deterministic so that the inventory decision-
making problem can be ignored. Du et al. (2010) [12] and 
Ma (2011) [13] consider uncertain demand and assume that 
the retailer is fairness-concerned. The former shows that the 
fairness concern cannot change the status of supply chain 
coordination, while the latter considers the fairness concern 
as the retailer’s bargaining power for supply chain profit. Ho 
et al. (2014) [14] consider a supply chain with one supplier 
and two retailers, and study both peer-induced fairness 
concern and distributional fairness concern. Choi and 
Messinger (2016) [15] incorporate fairness into a 
competitive supply chain with two manufacturers and one 
retailer, and mainly derive their results from experiments. 

Our paper is also related to the stream of literature on 
cooperative supply chain. Wang et al. (2004) [16] design a 
game-theoretical cooperative mechanism for a two-echelon 
decentralized supply chain. Several Nash equilibrium 
contracts are designed in echelon inventory games and local 
inventory games. Nagarajan and Sošić (2008) [17] survey 
some applications of cooperative game theory to supply 
chain management. They emphasize the profit allocation 
and stability of the cooperative game. Leng and Parlar (2009) 
[18] construct a three-person cooperative game including 
one manufacturer, one distributor and one retailer, and 
discuss a distributional cost problem when the three firms 
share the demand information. They obtain a unique 
distributional scheme. Cao and Zhang (2011) [19] study the 
nature of supply chain cooperation and its impact on firm 

performance. Kawakatsu et al. (2013) [20] analyze the 
optimal quantity discount policy in cooperative supply chain 
and compare the cooperative case and the non-cooperative 
case. However, the influence of fairness concern on the 
firms’ decisions is not negligible in the process of 
cooperation. In this paper, we incorporate fairness into the 
cooperative supply chain and investigate the role of fairness 
in cooperative environment. 

III.  MODEL AND PRELIMINARY ANALYSIS 
We consider a supply chain where a manufacturer sells a 

product to a retailer, who in turn sells the product to the 
consumer market. The manufacturer charges a fixed 
wholesale price (denoted by W), and he determines the lot 
size (denoted by Q). Based on Lee and Kim (1993) [21] and 
Esmaeili et al. (2009) [6], the annual demand is described by 
the following function. 

D kP Eα β−= , 
where P is the retail price charged by the retailer, E is the 
marketing expenditure per unit incurred by the retailer, k is 
the scaling constant for demand function, α  is price 
elasticity of demand, and β is marketing expenditure 
elasticity of demand. We assume that 0k > , 0 1β< <  and 

1α β> + . The retailer determines the values of the retail 
price P and the marketing expenditure E. Other parameters 
are listed as follows. 

h  percent inventory holding cost scale per unit per year,  
rO  retailer’s ordering cost per order,  

mO  manufacturer’s setup (ordering) cost per setup, 

mC  manufacturer’s production cost per unit. 
We assume that the manufacturer’s setup cost is higher 

than the retailer’s, that is, mO > rO . We also assume that the 
production rate is equal to the demand rate, so there is no 
shortage. 

In the following, we study the models of a decentralized 
supply chain and a cooperative supply chain respectively. 
We also incorporate the fairness concern into the 
cooperative case, and investigate the role of fairness in the 
cooperative supply chain. Thus, we totally consider three 
models, and denote them by Models B, C and F respectively. 

A. Decentralized Supply Chain (Model B) 
The sequence of events in the decentralized supply chain 

model is as follows. First, the manufacturer decides the lot 
size. Secondly, the retailer decides the retail price as well as 
the marketing expenditure. 

Given the lot size Q, the retailer’s problem is to maximize 
her profit by determining the retail price P and the 
marketing expenditure E. Similar to Lee and Kim (1993) [21] 
and Esmaeili et al. (2009) [6], the retailer’s profit is the 
difference between sales revenue and total cost, where total 
cost includes purchase cost, market cost, ordering cost and 
holding cost. That is,  

( ) 1,
2r r

DP E PD WD ED O hWQ
Q

P = − − − − .       (1) 

Substituting the demand function into (1), we obtain 

( ) 1, .
2

r
r

OP E kE P P W E hWQ
Q

β α−  
P = − − − − 

 
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According to the first order condition, we have 
1( ) ,

1
B rW O QE β

α β

−+
=

− −
                           (2) 

( )1

.
1

rB
W O Q

P
α

α β

−+
=

− −
                           (3) 

It can be shown that the above solution (PB(Q), EB(Q) ) is 
optimal and unique.  

The manufacturer’s problem is to maximize his profit by 
determining the lot size Q. His profit is the difference 
between sales revenue and total cost, where total cost 
includes production cost, setup cost and holding cost. That is, 

 ( ) 1
2m m m m

DQ WD C D O hC Q
Q

P = − − − .      (4) 

Substituting the demand function into (4), the 
manufacturer’s problem can be expressed as follows. 

( )

( )1

1

1  ) ,
2

,
1

( ) .
1

( m
m m m

r

r

OMax Q kP E W C hC Q
Q

W O Q
subject to P

W O QE

α β

α

α β
β

α β

−

−

−

P = − − −

+
=

− −

+
=

− −

    (5) 

The optimal lot size, denoted by QB, can be found with 
optimization algorithms such as ant colony algorithm[22]. 

B. Cooperative Supply Chain (Model C) 
In the cooperative supply chain, the manufacturer and the 

retailer jointly determine the lot size Q, the retail price P and 
the marketing expenditure E to maximize the weighted sum 
of their profits, that is,  

(1 )r mr rP = P + − P . 

where ( )0,1r ∈  can be considered as a measure of their 
bargaining powers, and rP  and mP  are given by (1) and (4) 
respectively. 

According to the first order condition, we have the 
following equations. 

2 ((1 ) )
((1 ) )

m r

m

kP E O OQ
h C W

α β r r
r r

− − +
=

− +
,                            (6) 

1 1( ( ) (1 )( ))
( 1)

r m mW O Q W C O QP α r r
r α β

− −+ − − − −
=

− −
,         (7) 

1 1( ( ) (1 )( ))
( 1)

mr mW O Q W C O QE β r r
r α β

− −+ − − − −
=

− −
.          (8) 

The optimal solution, denoted by (QC, PC, EC), can be 
found using iterative methods. 

C. Cooperative Supply Chain with Fairness Concern 
(Model F) 

Now in the cooperative supply chain, we take into 
account fairness concern and investigate its effects in two 
cases. In the first case, only the retailer is inequity averse. In 
the second case, only the manufacturer is inequity averse. 
For convenience, we denote the two cases by Models FR 
and FM respectively. 

Similar to Loch and Wu (2008) [23] and Du, et al. (2010) 
[12], we assume that the sensitiveness to gain and the 
sensitiveness to loss are the same for a player, which we call 
choice consistency. To formulate the utility function of a 
fairness-concerned player, we introduce the fairness 

preference factor, which measures the sensitiveness to gain 
or loss. 

In the first case, the retailer is inequity averse and the 
manufacturer is fairness neutral.  Their utility functions are 
respectively 

       ,r r rU f= P −  

m mU = P , 
where ( )r m rf a= P − P . Here m rP − P is the profit 
difference between the manufacturer and the retailer, and 
a>0 is the fairness preference factor of the retailer. When 
a=0, the retailer is fairness neutral, and the problem 
becomes Model C. 

The manufacturer and the retailer jointly maximize  
( ) ( ) ( )1 1 1r m r mU U U a ar r r r r= + − = + P + − − P . 

According to the first order condition, we obtain the 
following equations. 

2 ((1 ) (1 ) )
((1 ) (1 ) )

m r

m

kP E a O a OQ
h a C a W

α β r r r
r r r

− − − + +
=

− − + +
,                        (8) 

1 1( (1 )( ) (1 )( ))
(1 )( 1)

mr ma W O Q a W C O QP
a

α r r r
r α β

− −+ + − − − − −
=

+ − −
,     (9) 

1 1( (1 )( ) (1 )( ))
(1 )( 1)

mr ma W O Q a W C O QE
a

β r r r
r α β

− −+ + − − − − −
=

+ − −
.   (10) 

The optimal solution, denoted by (QFR, PFR, EFR), can be 
found using iterative methods. 

In the second case, the retailer is fairness neutral and the 
manufacturer is inequity aversion. Their utility functions are 
respectively 

rrU = P , 
        m m mU f= P − , 

where ( )m r mf b= P − P . Here r mP − P  is the profit 
difference between the retailer and the manufacturer, and 
b>0 is the fairness preference factor of the manufacturer. 
When b=0, the manufacturer is fairness neutral, and the 
problem becomes Model C. 

The manufacturer and the retailer jointly maximize 
( ) ( ) ( )1 (1 ) 1r m r mU U U b b br r r r r= + − = + − P + − + P . 

According to the first order condition, we obtain the 
following equations. 

2 (( ) (1 )(1 ) )Q
(( ) (1 )(1 ) )

r m

m

kP E b b O b O
h b b W b C

α β r r r
r r r

− + − + − +
=

+ − + − +
,                  (11) 

1 1(( )( ) (1 )(1 )( ))
( )( 1)

mr mb b W O Q b W C O QP
b b

α r r r
r r α β

− −+ − + − − + − −
=

+ − − −
,(12) 

1 1(( )( ) (1 )(1 )( ))
( )( 1)

mr mb b W O Q b W C O QE
b b

β r r r
r r α β

− −+ − + − − + − −
=

+ − − −
. (13) 

The optimal solution, denoted by (QFM, PFM, EFM), can be 
found with iterative methods. 

IV.  DISCUSSION 
Based on the analysis in Section Ⅲ, for each model, we 

can express the optimal retail price and marketing 
expenditure as functions of lot size and conduct a numerical 
search for the optimal lot size. In this section, given the lot 
size Q, we compare the retailer’s pricing and marketing 
decisions in different models. 

First, by comparing Model B and Model C, we obtain the 
following proposition. 
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Proposition 1: Given the lot size Q, both the retail price 
and the marketing expenditure in cooperative supply chain 
are respectively lower than those in decentralized supply 
chain. 

Proof. Comparing (2) and (3) with (7) and (8), we can 
obtain 

1(1 )( )
( 1)

B C m mW C O Q
P P

α r
r α β

−− − −
− =

− −
,
 

1(1 )( )
( 1)

B C m mW C O Q
EE

β r
r α β

−− − −
− =

− −
.
 

The manufacturer will never make negative profit, so we 
have 1 0mmW C O Q−− >− . Then the above two equations are 
greater than 0. That is, B CP P> , CBE E> . The proof of 
Proposition 1 is completed. 

Proposition 1 shows that the retail price and the 
marketing expenditure decrease when the supply chain 
members cooperate. While cooperation alleviates double 
marginalization effect, it also reduces the retailer’s incentive 
to expend marketing effort. These may lead to conflicting 
effects on the induced demand. We can further show the 
following corollary. 

Corollary 1: The demand in cooperative supply chain is 
higher than that in decentralized supply chain. 

Proof. The demand in cooperative supply chain and 
decentralized supply chain are respectively 

( ) ( )B B BD k P Eα β−=  and ( ) ( )C C CD k P Eα β−= . Moreover, 

/ / /B B C CP E P E α β= = .Thus, ( / ) ( )B BD k Eα α βα β − − += , 

( / ) ( )C CD k Eα α βα β − − += . According to Proposition 1, we 
have B CE E> . In addition, α β> . Therefore, we can 
obtain B CD D< . The proof of Corollary 1 is completed. 

Corollary 1 implies that the cooperation between the 
retailer and the manufacturer can promote demand increase 
and contribute to the market development. Therefore, the 
firms may tend to cooperate with each other, so that the 
supply chain as a whole can have a competitive advantage. 

Now we compare Model C and Model F, and obtain the 
following proposition. 

Proposition 2: Given the lot size Q, the retailer’s 
decisions in cooperative supply chain have the following 
properties when fairness concern is considered.  

(1) When the retailer is fairness-concerned, both the retail 
price and the marketing expenditure are higher than those in 
the case without fairness concern. 

(2) When the manufacturer is fairness-concerned, both the 
retail price and the marketing expenditure are lower than 
those in the case without fairness concern. 

Proof. (1) Comparing (7) and (8) with (10) and (11), we 
can obtain 

( )( )
( )
1 1

FR C m ma W C O Q
P P

a
α
r α β

− −
− =

+ − −
, 

( )
(1 )( 1)

FR C m ma W C O Q
E E

a
β
r α β

− −
− =

+ − −
.
 

Since 1 0mmW C O Q−− >− , the above two equations are 
greater than 0. Thus result (1) holds. 

(2) Comparing (7) and (8) with (13) and (14), we can 
obtain 

1( )
( )( 1)

FM C m mb W C O Q
P P

b b
α

r r r α β

−− − −
− =

+ − − −
, 

1( )
( )( 1)

FM C m mb W C O Q
E E

b b
β

r r r α β

−− − −
− =

+ − − −
. 

Since 1 0mmW C O Q−− >− , the above two equations are 
less than 0. Thus result (2) holds. The proof of Proposition 2 
is completed. 

When the retailer is fairness-concerned, the cooperative 
supply chain charges a higher retail price and expends more 
marketing effort, which may lead to higher profit for the 
retailer. When the manufacturer is fairness-concerned, the 
cooperative supply chain charges a lower retail price to 
further alleviate double marginalization effect, which may 
lead to higher profit for the manufacturer. However, in this 
case, the cooperative supply chain reduces the retailer’s 
incentive to expend marketing effort. We can further have 
the following corollary. 

Corollary 2: The demand in cooperative supply chain 
with fairness-concerned retailer is lower than that in the case 
without fairness concern. On the contrary, the demand in 
cooperative supply chain with fairness-concerned 
manufacturer is higher than that in the case without fairness 
concern. 

Proof. The proof is similar to that of Corollary 1. 
Thus, fairness has a significant influence on the market. 

In cooperative supply chain, the market demand decreases 
when the retailer considers fairness, and it increases when 
the manufacturer considers fairness. Combining Corollaries 
1 and 2, we have that fairness concern of the manufacturer 
in cooperative supply chain can further promote the market 
demand and stimulate social economy development. 

The results in the above two propositions and corollaries 
are summarized in Table Ⅰ. 

 
Table Ⅰ Comparison results 

 P E D 
B vs. C B CP P>  B CE E>  B CD D<  

FR vs. C FR CP P>  FR CE E>  FR CD D<  
FM vs. C FM CP P<  FM CE E<  FM CD D>  

 
In the supply chain relationship, the members’ bargaining 

powers have vital effects on decisions making [24]. We now 
study how the bargaining powers of the manufacturer and 
the retailer affect the retailer’s price and marketing decisions 
in different models. 

Proposition 3: Given the lot size Q, the retailer’s 
decisions in cooperative supply chain have the following 
properties. 

(1) The retail price and the marketing expenditure 
increase in the bargaining power of the retailer no matter 
whether fairness is concerned. 

(2) When the retailer is fairness-concerned, the sensitivity 
of the retailer’s decisions with respect to her bargaining 
power is lower than that in the case without fairness concern. 
When the manufacturer is fairness-concerned, the sensitivity 
of the retailer’s decisions with respect to her bargaining 
power is higher than that in the case without fairness 
concern. 
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Proof. (1) The derivatives of CP , FRP  and FMP  with 
respect to r  are respectively 

1

2

( )
/ 0

( 1)
mC mW C O Q

P
α

r
α β r

−− −
∂ ∂ = >

− −
, 

1

2

( )
/ 0

(1 )( 1)
FR m mW C O Q

P
a

α
r

α β r

−− −
∂ ∂ = >

+ − −
, 

1

2

(1 )( )
/ 0

( 1)( (1 ) )
F m mM b W C O Q

P
b b

α
r

α β r

−+ − −
∂ ∂ = >

− − + −
. 

Similarly, we can obtain the derivatives of  CE , FRE and 
FME  with respect to r  as follows, 

1

2

( )
/ 0

( 1)
mC mW C O Q

E
β

r
α β r

−− −
∂ ∂ = >

− −
, 

1

2

( )
/ 0

(1 )( 1)
FR m mW C O Q

E
a

β
r

α β r

−− −
∂ ∂ = >

+ − −
, 

1

2

(1 )( )
/ 0

( 1)( (1 ) )
F m mM b W C O Q

E
b b

β
r

α β r

−+ − −
∂ ∂ = >

− − + −
. 

So the retail price and the marketing expenditure increase 
in the retailer’s bargaining power in Models C and F. 

(2) Based on the proof in (1), we have 

1
FR CP P
r r

∂ ∂
<

∂ ∂
 and 1

FM CP P
r r

∂ ∂
>

∂ ∂
, 

1
FR CE E
r r

∂ ∂
<

∂ ∂
 and 1

FM CE E
r r

∂ ∂
>

∂ ∂
. 

Thus the proof of Proposition 3 is completed.  
When the retailer has a larger bargaining power in the 

supply chain, she may increase her retail price and 
marketing expenditure to improve her own profit. In 
addition, when one firm is fairness-concerned, the changes 
of the retail price and marketing expenditure with respect to 
its bargaining power are respectively slower than those in 
the case without fairness concern. Thus, when fairness 
concern of one firm is introduced to cooperative supply 
chain, an increase in its bargaining power can alleviate 
double marginalization effect. 

Corollary 3: The larger the retailer’s bargaining power is, 
the lower the demand is. 

Proof. The proof is similar to that of Corollary 1. 
Corollary 3 implies that a larger bargaining power of the 

manufacturer leads to a higher demand. That is, the 
manufacturer’s bargaining power can help enlarge the 
demand and improve the market development. 

V.  NUMERICAL EXAMPLES 
In this section, we conduct a numerical study to illustrate 

the results and to do sensitivity analysis on important 
parameters. In cooperative environment, the channel profit 
is one of the most common optimization goals in supply 
chain management. The numerical examples in this section 
aim at optimizing the channel profit and solving the optimal 
decisions of supply chain members. So, the basic value for 
the retailer’s bargaining power is 0.5r = .  

Similar to the numerical examples in Esmaeili et al. 
(2009), we set 40$rO = , 140$mO = , 10%h = , 3500k =  
and 1.5$mC = . In addition, we set the wholesale price 

3W = . The basic values for fairness parameters (a and b) 
and demand elasticity parameters (α and β) are respectively 
a=b=0.1, α=1.7 and β=0.15. In the following three 
subsections, we respectively conduct sensitivity analysis on 
fairness parameters, demand elasticity parameters and the 
retailer’s bargaining power. 

A. Sensitivity analysis with respect to fairness parameters 
We investigate the effects of fairness parameter a (or b) 

on the firms’ optimal decisions and profits. According to the 
existing literature, say [14], the fairness parameter is usually 
less than 0.2. In Model FR (i.e. cooperative supply chain 
with fairness-concerned retailer), the value of a ranges from 
0.06 to 0.14 with an increment of 0.02. Table A.1 in the 
Appendix lists the corresponding optimal decisions and 
profits of the two firms. In particular, the second row of 
Table A.1 corresponds to the case with a=0, that is, Model 
C (i.e. pure cooperative supply chain). Similarly, in Model 
FM (i.e. cooperative supply chain with fairness-concerned 
manufacturer), the value of b ranges from 0.06 to 0.14 with 
an increment of 0.02, and Table A.2 provides the 
corresponding optimal decisions and profits of the two firms. 
Fig. 1 graphically displays the results in Tables A.1 and A.2, 
with the horizontal axis being a for Model FR and b for 
Model FM. The figure illustrates how the optimal retail 
price FRP ( FMP ), marketing expenditure FRE ( FME ), lot 
size FRQ ( FMQ ), demand FRD ( FMD ), the retailer’s profit 

( )FR FM
r rP P and the manufacturer’s profit ( )FR FM

m mP P  
change with fairness parameter a (b). 

First consider the effect of introducing fairness into 
cooperative supply chain. As shown in Fig. 1, when the 
retailer is fairness-concerned, both the retail price and the 
marketing expenditure are higher than those in the case 
without fairness concern (a=0), while the demand is lower 
than that in the latter case. On the contrary, when the 
manufacturer is fairness-concerned, both the retail price and 
the marketing expenditure are lower than those in the case 
without fairness concern (b=0), while the demand is higher 
than that in the latter case. These are consistent with 
Proposition 2 and Corollary 2. The comparison results for 
the optimal lot size are similar to those for the demand. Thus, 
fairness concern of the manufacturer in cooperative supply 
chain can promote lot size and expand market demand. In 
addition, fairness concern of one firm increases its own 
profit but decreases the other firm’s profit. 

Now consider how the values of fairness parameters 
affect the firms’ optimal decisions and profits. In Model FR, 
as the retailer’s fairness preference factor a increases, the 
optimal retail price and marketing expenditure as well as the 
retailer’s profit increase, whereas the optimal lot size and 
demand as well as the manufacturer’s profit decrease. In 
Model FM, as the manufacturer’s fairness preference factor 
b increases, the trends of the optimal decisions and profits 
are exactly opposite to those in Model FR. Therefore, the 
higher fairness concern of one firm, the more benefit it can 
earn. However, no matter who is fairness-concerned, the 
total profit decreases as the fairness preference factor 
increases (see Fig. 2). In particular, compared with the 
manufacturer’s fairness concern, an increase in the retailer’s 
fairness concern leads to a slower decrease of the total profit. 
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Fig. 1.  Sensitivity analysis with respect to fairness parameters 
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Fig. 2.  Sensitivity analysis of total profit with respect to fairness 
parameters 

B. Sensitivity analysis with respect to demand elasticity 
parameters 

First, we consider how the optimal decisions and 
profits of the firms change with price elasticity of demand 
(α) in Models FR and FM. For comparison, we also 
consider Model C. The value of α ranges from 1.3 to 2.1 
with an increment of 0.2. Tables A.3, A.4 and A.5 in the 
Appendix list the corresponding optimal decisions and 
profits for the three models respectively. Fig. 3 
graphically illustrates the results in the tables. 
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Fig. 3.  Sensitivity analysis with respect to price elasticity of demand 
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Fig. 3 further demonstrates the effect of introducing 
fairness into cooperative supply chain, which is discussed 
in the previous subsection. Furthermore, as α increases, 
the trends of the optimal decisions and profits are similar 
in the three models. In particular, as α increases, that is, 
as demand becomes more sensitive to the change of price, 
the supply chain will charge a lower retail price and 
expend a lower marketing effort, and the retailer will earn 
a lower profit. However, as α increases, the lot size and 
demand as well as the manufacturer’s profit increase first 
and then decrease. The initial increase of α may induce a 

large reduction of retail price, which in turn leads to 
higher demand. As α continues to increase, the retail price 
decreases slowly, and the demand becomes decreasing. 

Next we consider how the optimal decisions and profits 
of the firms change with marketing expenditure elasticity 
of demand (β) in Models FR, FM and C. The value of β 
ranges from 0.09 to 0.21 with an increment of 0.03. Table 
A.6, A.7 and A.8 in the Appendix list the corresponding 
optimal decisions and profits for the three models 
respectively. Fig. 4 graphically displays the results in the 
tables. 
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Fig. 4.  Sensitivity analysis with respect to marketing expenditure elasticity of demand 
 
Fig. 4 also demonstrates the effect of introducing fairness 

into cooperative supply chain. In addition, the optimal 
decisions and profits change with β in a similar trend for the 
three models. Concretely speaking, as β increases, that is, as 
demand becomes more sensitive to the change of marketing 
effort, the retail price and marketing expenditure as well as 
the retailer’s profit increase, whereas the optimal lot size 
and demand as well as the manufacturer’s profit decrease. 

C. Sensitivity analysis with respect to bargaining power 
parameter 

We investigate the effects of bargaining power on the 
firms’ optimal decisions and profits. The value of bargaining 
power parameter r ranges from 0.46 to 0.56 with an 
increment of 0.02. Tables A.9, A.10 and A.11 in the 
Appendix provide the corresponding optimal decisions and 
profits for Models FR, FM and C respectively. Fig. 5 
graphically shows the results in the tables.  

Similar to Fig. 3 and Fig. 4, Fig. 5 illustrates the effect of 
incorporating fairness into cooperative supply chain. 
Furthermore, as r  increases, the trends of the optimal 
decisions and profits are similar in the three models. In 

particular, as the retailer’s bargaining power becomes larger, 
the retail price and marketing expenditure as well as the 
retailer’s profit increase, whereas the optimal lot size and 
demand as well as the manufacturer’s profit decrease. 
However, compared with the case with fairness-concerned 
retailer, the changes of the profits with respect to bargaining 
power are faster when the manufacturer is fairness-
concerned. 

Now we consider the impact of bargaining power on the 
total profit (see Fig. 6). When one firm cares about fairness, 
the total profit is decreasing with its bargaining power. 
Furthermore, when the retailer’s bargaining power is 
relatively small, incorporating fairness concern of the 
retailer into cooperative supply chain leads to a higher total 
profit, while incorporating fairness concern of the 
manufacturer leads to a lower total profit. When the 
retailer’s bargaining power is relatively large, the result is 
opposite. When the retailer’s bargaining power is 
intermediate, fairness concern of either firm leads to a lower 
total profit. Thus, when one firm has the advantage of 
bargaining power, the fairness concern of the other firm can 
improve the total profit. 
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However, the impact of bargaining power on the 
comprehensive utility is different from that on the total 
profit. As shown in Fig.7, no matter whether either firm is 
fairness-concerned, the comprehensive utility always 
increases with the retailer’s bargaining power. However, the 
existence of fairness concern reduces the comprehensive 

utility. In addition, the comprehensive utility in the case 
with fairness-concerned manufacturer is lower than that in 
the case with fairness-concerned retailer, but the difference 
between them decreases as the retailer’s bargaining power 
becomes larger. 
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Fig. 5.  Sensitivity analysis with respect to bargaining power parameter 
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Fig. 6.  Sensitivity analysis of total profit with respect to bargaining power 
parameter 
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Fig. 7.  Sensitivity analysis of comprehensive utility with respect to 
bargaining power parameter 

 

VI.  CONCLUSION 
In this paper, we investigate the role of fairness in 

cooperative supply chain. While the existing literature 
focuses on the effect of fairness concern on decentralized 
supply chain, we innovatively introduce fairness concern 
into cooperative environment. Our analytical results show 
that the firms’ optimal decisions can be determined by using 
a one-dimensional search of only the lot size. Given the lot 
size, we find that cooperation can lead to a higher demand 
compared with decentralized supply chain, and fairness 
concern of the manufacturer in cooperative supply chain can 
further promote demand. We also show that when fairness 
concern of one firm is introduced into cooperative supply 
chain, an increase in its bargaining power can alleviate 
double marginalization effect. Our numerical results 
demonstrate the analytical results for cooperative supply 
chain. They also provide more insights on how the optimal 
decisions and profits change with fairness parameters, 
demand elasticity parameters and bargaining power 
parameter. Specifically, introducing fairness concern of one 
firm into cooperative supply chain can benefit that firm but 
hurt the other firm. As that firm becomes more fairness-
concerned, he can earn more profit. Thus, fairness is an 
important factor to consider even when supply chain 
members cooperate. 

There are several possible extensions to our study. First, 
we assume an unlimited production capacity. It would be 
interesting to incorporate capacity limitation when 
determining lot size. Second, as the first study on fairness in 
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cooperative supply chain environment, we consider the 
manufacturer’s and retailer’s fairness concerns separately.  
It would be worthwhile to explore the case where both firms 
are fairness-concerned. Finally, we assume that demand 
depends on retail price and marketing expenditure. It would 
be interesting to consider other formats of demand. Because 
these extensions require a very different mode of analysis, 
they will be left for future research. 

APPENDIX 

Tables of sensitivity analysis for Section Ⅴ. 
Table A.1  Sensitivity analysis with respect to a in Model FR 

a  P  E  Q D  rP  mP  
0 6.30 0.56 335.12 140.38 317.75 126.79 

0.06 6.81 0.60 306.84 124.18 336.85 106.60 
0.08 6.97 0.62 298.80 119.90 341.49 101.27 
0.10 7.12 0.63 291.30 116.05 345.51 96.45 
0.12 7.26 0.64 284.28 112.56 349.01 92.09 
0.14 7.40 0.65 277.68 109.39 352.07 88.11 

 
Table A.2  Sensitivity analysis with respect to b in Model FM 

b  P  E  Q D  rP  mP  
0 6.30 0.56 335.12 140.38 317.75 126.79 

0.06 5.69 0.50 372.37 164.38 285.68 156.84 
0.08 5.46 0.48 387.75 175.14 270.08 170.40 
0.10 5.22 0.46 405.16 187.92 250.71 186.56 
0.12 4.96 0.44 425.11 203.31 226.29 206.12 
0.14 4.68 0.41 448.27 222.18 194.91 230.26 

 
Table A.3  Sensitivity analysis with respect to α in Model FR 

α  P  E  Q D  rP  mP  
1.30 21.04 2.43 236.04 76.20 1141.15 51.40 
1.50 9.91 0.99 286.18 112.01 604.59 91.76 
1.70 7.12 0.63 291.30 116.05 345.51 96.45 
1.90 5.89 0.46 280.32 107.47 202.99 86.50 
2.10 5.22 0.37 261.88 93.79 119.92 70.91 

 
Table A.4  Sensitivity analysis with respect to α in Model FM 

α  P  E  Q D  rP  mP  
1.30  16.22  1.87  299.65  102.78  1107.50  83.68  
1.50  7.37  0.74  382.15  167.18  532.17  160.86  
1.70  5.22  0.46  405.16  187.92  250.71  186.56  
1.90  4.27  0.34  405.46  188.19  96.97  186.90  
2.10  3.76  0.27  394.05  177.75  10.73  173.92  

 
Table A.5  Sensitivity analysis with respect to α in Model C 

α  P  E  Q D  rP  mP  
1.30  18.95  2.19  262.19  85.93  1130.24  63.35  
1.50  8.81  0.88  324.17  131.36  582.44  116.00  
1.70  6.30  0.56  335.12  140.38  317.75  126.79  
1.90  5.19  0.41  327.23  133.85  173.27  118.96  
2.10  4.60  0.33  310.13  120.22  90.70  102.81  

 
Table A.6  Sensitivity analysis with respect to β in Model FR 

β  P  E  Q D  rP  mP  
0.09  6.29  0.33  318.90  139.08  346.12  123.65  
0.12  6.71  0.47  303.45  125.94  344.93  108.04  
0.15  7.12  0.63  291.30  116.05  345.51  96.45  
0.18  7.60  0.80  279.77  107.05  349.14  86.02  
0.21  8.14  1.01  269.29  99.17  355.03  77.00  

 
Table A.7  Sensitivity analysis with respect to β  in Model FM 

β  P  E  Q D  rP  mP  
0.09  4.55  0.24  452.25  234.13  218.47  244.80  
0.12  4.90  0.35  425.05  206.82  237.95  210.23  
0.15  5.22  0.46  405.16  187.92  250.71  186.56  
0.18  5.60  0.59  385.51  170.13  266.64  164.49  
0.21  6.04  0.75  367.67  154.75  282.95  145.62  

Table A.8  Sensitivity analysis with respect to β  in Model C 

β  P  E  Q D  rP  mP  
0.09  5.54  0.29  369.65  170.80  309.39  163.79  
0.12  5.90  0.42  351.25  154.22  312.55  143.51  
0.15  6.30  0.56  335.12  140.38  317.75  126.79  
0.18  6.74  0.71  320.69  128.56  324.78  112.66  
0.21  7.23  0.89  307.58  118.26  333.55  100.49  

 
Table A.9  Sensitivity analysis with respect to r  in Model FR 

r  P  E  Q D  rP  mP  
0.46  6.41  0.57  328.88  136.65  322.35  122.14  
0.48  6.78  0.60  308.52  125.10  335.83  107.74  
0.50  7.12  0.63  291.30  116.05  345.51  96.45  
0.52  7.42  0.65  276.41  108.79  352.64  87.35  
0.54  7.70  0.68  263.31  102.84  358.03  79.83  
0.56  7.95  0.70  251.62  97.88  362.18  73.49  

 
Table A.10  Sensitivity analysis with respect to r  in Model FM 

r  P  E  Q D  rP  mP  
0.46  3.93  0.35  523.71  290.97  70.10  319.39  
0.48  4.62  0.41  453.37  226.48  187.57  235.78  
0.50  5.22  0.46  405.16  187.92  250.71  186.56  
0.52  5.73  0.51  369.51  162.43  288.44  154.39  
0.54  6.18  0.55  341.71  144.41  312.67  131.82  
0.56  6.58  0.58  319.17  131.03  329.06  115.13  

 
Table A.11  Sensitivity analysis with respect to r  in Model C 

r  P  E  Q D  rP  mP  
0.46  5.46  0.48  387.75  175.14  270.08  170.40  
0.48  5.90  0.52  358.66  155.20  298.43  145.32  
0.50  6.30  0.56  335.12  140.38  317.75  126.79  
0.52  6.65  0.59  315.51  128.96  331.46  112.55  
0.54  6.97  0.62  298.80  119.90  341.49  101.27  
0.56  7.26  0.64  284.28  112.56  349.01  92.09  
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