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Abstract: This study investigates optimal decisions in a green supply chain consisting of a manu-

facturer and a leading retailer considering the green marketing and fairness preferences of member 

firms. Four Stackelberg game decision models are constructed in which the manufacturer and the 

retailer engage in green marketing separately when the manufacturer has no and has fairness 

preferences. The impacts of fairness preferences and green marketing on the optimal decision in the 

green supply chain are comparatively analyzed. The study finds that member firms perform green 

marketing regardless of the presence or absence of fairness preferences and that such behavior in-

creases the wholesale price, retail price, and market demand of low-carbon products as well as the 

profits of member firms and the supply chain. A more interesting finding is that the profit growth 

of member firms and the supply chain due to the manufacturer’s green marketing is more pro-

nounced than that due to the retailer’s green marketing. When the retailer and the manufacturer 

engage in conduct green marketing, the manufacturer's fairness preferences have different effects 

on the wholesale price, retail price, market demand, level of green marketing efforts, member en-

terprises and profits of supply chain. Therefore, firms should consider the impact of green mar-

keting and fairness preferences to make pricing and performance decisions, so as to achieve effi-

cient operation of the whole supply chain and avoid double marginal effects. Finally, the above 

conclusions are verified through numerical simulation, providing a reference for the deci-

sion-making of member firms in the green supply chain. 

Keywords: green supply chain; manufacturer’s fairness preferences; leading retailer; Stackelberg 

Game 

 

1. Introduction 

With the increasingly severe conflicts between human society and the ecological 

environment, climate deterioration and resource scarcity, people have gradually realized 

that environmental protection and sustainable development are key factors for socioec-

onomic development. The enactment of environmental policies has put pressure on firms 

to control carbon emissions, making them attempt to improve the environmental per-

formance of their products. The destruction of the ecological environment also affects 

people’s lifestyle and consumption behavior, evidenced by consumers paying increasing 

attention to green energy conservation and environmental protection and increasingly 

favouring green products [1,2]. 

Consumers’ increasing awareness of environmental protection and the requirements 

of sustainable development have led to widespread interest in green supply chains, 

which consider resource consumption and environmental protection [3-5]. In recent 

years, retailers have played an important role in green supply chains. Through green 

supply chains led by retailers such as Suning (China), Gome (China), and WalMart 

(USA), retailers usually gain more channel profits than other members [6]. In the green 

economy, when firms make decisions, they must pay attention to the interests and sur-
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vival of other members to ensure the efficient and sustainable development of the whole 

supply chain. Green marketing includes environmental awareness in marketing man-

agement and focuses on environmentally friendly products or services [7]. In the green 

supply chain, manufacturers use environmentally friendly technologies for green inno-

vation and pollution reduction as well as green marketing of low-carbon products. For 

example, CocaCola, Dell, and Adidas use advanced technologies to generate green 

products and promote low-carbon products [8]. Retailers have direct contact with end 

consumers and can carry out targeted green marketing activities; retailers show con-

sumers low-carbon products and encourage them to buy such products. For example, 

Philips uses the “Energy Star” label to promote green technology [9]. 

To date, relevant studies have also confirmed that green marketing can promote the 

market demand for low-carbon products, meet the green preferences needs of consum-

ers, and promote the long-term growth of corporate profits [10,11]. To realize the eco-

nomic value of supply chain firms, carbon emission reduction plans and conduct green 

marketing should be implemented to increase the sales of low-carbon products. Green 

marketing is becoming an important manifestation of competitive advantage among 

green supply chains, for example, the retail giant WalMart has developed a carbon 

emission reduction plan to cooperate with suppliers to reduce the waste of goods and 

packaging and protect natural resources and plans to achieve 100% recyclable packaging 

of its own brands by 2025; in addition, the firm conducts green marketing promotion to 

transform existing stores into green and energy-saving shopping stores[12,13]. 

However, in reality, the imperfect rationality of firms prevails in the deci-

sion-making of member firms in the green supply chain. Firms are particularly concerned 

about the fairness of profit distribution in the supply chain [14,15]. When there is a mis-

match between profit and pay, leaders of firms can experience psychological tendencies 

towards unfairness, which usually impacts the decisions of leaders of supply chain 

member firms [16]. Therefore, firms are overly concerned about the fairness of profits and 

utilities, and this behavior can exacerbate the double marginalization of the supply chain 

and affect the sustainable development of the economy [17]. 

For example, WalMart obtains lower wholesale prices through its dominant ad-

vantage, leading to suppliers’ preferences about fairness in obtaining benefits. Suppliers 

feel dissatisfied with WalMart’s unfair practices and negotiate fair terms with WalMart. 

Fairness preferences change the decisions of firms and increase their benefits from the 

supply chain [18]. Therefore, fairness preferences also affect the decisions of member 

firms in the green supply chain. In the process of implementing green marketing by 

firms, as the market demand increases, the profits of the supply chain and member firms 

increase continuously; however, firms must pay extra green marketing costs [19]. The 

unequal power structure of the supply chain drives firms to pursue fair profits based on 

the consideration of their own strengths and contributions [20]. With an increase in fair-

ness preferences coefficient, the benefits gained by firms through green marketing will be 

continuously redistributed among member firms, reducing the motivation of firms in 

green marketing and thus harm the overall benefits of the green supply chain [21,22]. 

Therefore, to achieve an effective use of resources, it is crucial for green supply chains to 

consider how member firms make optimal decisions when considering fairness prefer-

ences and green marketing in retailer-led green supply chains. 

Existing studies investigate the coordination of green supply chains from different 

perspectives, such as carbon emission reduction, green investment and green marketing, 

or explore the decisions in green supply chains from the perspective of fairness prefer-

ences. To broaden the scope of research in this area, the present study considers both 

fairness preferences and green marketing to investigate the optimal decisions regarding 

retailer-led green supply chain pricing and performance. Specifically, we need to address 

the following problems: 

1.   How do supply chain members price and make optimal decisions when firms 

engage in green marketing? 
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2.   Do fairness preferences increase the green marketing effort of member firms 

and the profits of both parties? 

3.   What are the patterns of the influence of green sensitivity and fairness prefer-

ences on firms’ optimal strategies? 

The rest of the paper is organized as follows. Section 2 comprehensively reviews the 

literature, analyses the existing research gaps and presents the research content and in-

novation of the present study. The problem statement and basic assumptions are pre-

sented in Section 3. Then, in Section 4, we establish four Stackelberg game profit decision 

models and solve for their balanced results by backward recursion. In Section 5 includes 

a comparatively analysis of the balanced results of different models. The main findings of 

the present study are summarized in Section 6 through numerical simulation analysis. 

Finally, in Section 7, the conclusions of the study are presented and recommendations for 

future research are provided. Compares the research content in the present study with 

the existing research findings. The present study focuses on addressing the sustainability 

decisions of green supply chain member firms and integrating green marketing and 

fairness preferences into re-tailer-led green supply chain management, so as to help 

promote coordinated economic and environmental development and achieve sustainable 

green supply chain development. 

2. Reviews on Literature and Motivations 

In this section, we review three main areas of literature relevant to the present study, 

namely, green supply chains, supply chains under fairness preferences, and supply 

chains considering green marketing. In addition, we provide the motivation for and 

highlights of the study. 

2.1. Green Supply Chain 

With increasing importance attached to environmental issues, green supply chains 

have received extensive attention from researchers. Ghosh et al. investigated coordina-

tion problems in manufacturer-led green supply chains, established cost-sharing con-

tracts, and analyzed the influence of contract parameters on the decisions of supply chain 

agents in green supply chains [23]. On this basis, Zhou et al. confirmed that cooperative 

advertising contracts and cooperative advertising emission reduction cost-sharing con-

tracts can be utilized to achieve coordination in manufacturer-led low-carbon supply 

chains [24]. Regarding retailer-led supply chains, Hu et al. effectively achieved supply 

chain coordination by designing reasonable contracts [25]. Considering closed-loop green 

supply chains, Mondal et al. studied the impact of different power structures on the op-

timal green investment decisions by channel members [8,26]. 

Considering carbon cap-and-trade regulations, Xu et al. designed wholesale price 

contracts and cost-sharing contracts, achieving joint emission reductions in the manu-

facturer-led supply chain without affecting profits [27], and Xu et al. investigated the use 

of revenue-sharing contracts and two-part tariff contracts to achieve a win-win outcome 

for supplier-led supply chain members [28]. Considering environmental regulations, 

Chen et al. studied carbon reduction strategies for two-tier supply chains using differen-

tial games [29]. Considering consumers’ green preferences, Dong et al. conducted a 

comparative analysis of the profits of the manufacturer and the retailer when they invest 

individually or simultaneously to improve the greenness of products, concluding that the 

simultaneous investment by member firms is favourable to an increase in corporate 

profits [30]. In a competitive environment, Zhu et al. examined the pricing decisions for 

low-carbon products in the supply chain to provide an optimal pricing strategy [31]. 

Considering government subsidies and retailers’ fairness preferences, Zhang et al. stud-

ied the pricing decisions in green supply chains in which manufacturers make carbon 

emission reduction efforts [17]. 

The above studies have discussed the coordination of green supply chains using 

contracts, consumer green preferences, and pricing decisions in green supply chains 
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under carbon caps and environmental regulations. Most studies are based on supplier or 

manufacturer-led green supply chains, but retailer-led green supply chains are common 

in practice. In addition, the impact of green marketing and fairness preferences of mem-

ber firms on supply chain decisions is not considered. 

2.2. Supply Chains under Fairness Preferences 

Most studies on supply chains are almost always based on the rational “economic 

man”, while decision makers consider the fairness of income distribution. Ho et al. con-

ducted a series of experiments that showed that people make decisions with certain be-

havioral preferences [32]. Many researchers have introduced the fairness preferences of 

firms into supply chain management. For example, Cui et al. and Caliskan et al. studied 

the impact of the fairness preferences of firms in manufacturer-led supply chains on 

channel decisions under linear and exponential demand functions [33,34]. Yang et al. 

showed that when retailers have fairness preferences, cooperative advertising strategies 

can be used to achieve supply chain coordination under certain conditions [35]. Nie & Du 

used an improved contract to coordinate a decentralized channel consisting of one sup-

plier and two fairness-concerned suppliers [36]. Guan et al. studied manufacturers and 

retailers with Nash bargaining fairness concerns and used revenue and cost-sharing 

contracts to achieve supply chain coordination [37]. Zhang et al. examined the optimal 

decision in low-carbon supply chains under the influence of factors such as consumers’ 

environmental awareness and retailers’ fairness concerns [38], and Pu et al. proposed a 

fairness-embedded profit-sharing contract that coordinates the supply chain with fair-

ness concerns to improve the utilities of the manufacturers and the retailers [39]. Many 

researchers have also introduced fairness concerns into the field of supply chain optimi-

zation and operation, such as the agricultural supply chain, dual-channel supply chain, 

and service supply chain, to reveal the impact of fairness preferences on firms’ decision 

from various perspectives [20,40,41]. 

The above studies have focused on the optimal decisions in supply chains and the 

coordination of supply chains using relevant contracts considering fairness preferences. 

However, research on pricing and performance decisions in retailer-led supply chains 

from the perspective of sustainability and environmental protection is lacking. To fill this 

research gap, we consider both green marketing and fairness preferences to study opti-

mal decisions for sustainable retailer-led supply chains. 

2.3. Supply Chains Considering Green Marketing 

Green marketing is a common way to encourage sustainable behavior and has been 

incorporated into the theory of sustainable supply chains, and the impact of green mar-

keting on green supply chain decisions deserves attention and research [42]. Green 

marketing is also known as environmental marketing, ecological marketing, social mar-

keting and sustainable marketing [43]. It is a marketing management process that uses 

profitable and sustainable approaches, such as product design, green promotion, green 

pricing, sales locations, and eco-labelling, to meet the needs of customers and society 

[44,45]. Green marketing aims to meet the needs of consumers, and it reduces the harmful 

effects on the environment and emphasizes the pricing and distribution of products to 

maintain an ecological focus [46,47]. Chen et al. pointed out that green marketing in-

creases market demand and that it is an important green management practice that ena-

bles low-carbon products to fit with market demand, ensuring a competitive advantage 

for firms [48,49]. 

In the context of the global advocacy of reductions in low-carbon emissions, many 

researchers have studied decisions in supply chains that involve green marketing and 

made some breakthroughs. Zhang et al. investigated the impact of consumer environ-

mental awareness on the order quantity, product pricing strategies and channel coordi-

nation of supply chain firms [50]. Basiri & Heydari studied the coordination of a 

two-stage green supply chain and used a coordination mechanism to determine green 
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marketing strategies and low-carbon product quality decisions [51]. Jamali & Rasti Bar-

zoki studied dual-channel green supply chains and found that centralized decision 

making results in a higher greenness of products than does decentralized deci-

sion-making [52]. On this basis, Heydari et al. investigated the optimal decisions of 

channel members in a three-tier dual-channel green product supply chain [53]. 

The above studies have focused on the decision-making and channel coordination of 

supply chain sustainability when companies engage in green marketing but have not 

investigated the impact of fairness concerns on supply chain decisions in green market-

ing. The present study is the first attempt to integrate both green marketing and fairness 

preferences into the decision-making on green supply chain sustainability to further 

broaden the research in the field of green supply chains. 

Table 1. Papers that are most related to our research 

Literature 

Supply chain Green supply chain 

Manufac-

turer-led 

Retail-

er-led 

Manufacturer 

fairness pref-

erences 

Retailer 

fairness 

preferences 

Carbon  

reduction 

Green  

investment 

Green 

marketing 

[50] [51] [52] [53] [42] √      √ 

[27] [28] [21] √    √   

 [8] √ √    √ √ 

[26] √ √    √  

[54] √     √ √ 

[6]  √  √ √   

[38]  √   √  √  

[25]  √  √  √  

[34] √  √ √    

[31] √  √   √  

[17] √   √ √   

[24] √   √  √  

this paper  √ √    √ 

In summary, numerous studies have been carried out on green supply chain deci-

sion-making considering green marketing or fairness preferences alone. However, most 

studies have targeted manufacturer-led green supply chains, considering the green 

marketing efforts of retailers. [8,42,50,52,53,54] focused on the contract coordination of 

green supply chains but did not consider fairness preferences, while [6,24,25,31,34,38] 

considered fairness preferences and examined retailer or manufacturer-led supply chain 

decision-making and coordination but did not consider green marketing. 

3. Model Description and Assumptions 

In a two-stage green supply chain composed of a single manufacturer and a single 

retailer, the retailer is in a leading position in the supply chain, and the manufacturer, in a 

disadvantaged position, has fairness preferences. The manufacturer produces 

low-carbon products, the retailer orders and sells low-carbon products, and both the re-

tailer and manufacturer can conduct low-carbon product marketing [8,9,45]. Consumers 

are environmentally conscious, and market demand is affected by retail prices and the 

green marketing effort. However, fairness preferences and green marketing affect supply 

chain decisions. Therefore, the present study discusses the pricing and performance de-

cisions in the green supply chain under four scenarios where the manufacturer has and 

has no fairness preferences and the manufacturer and the retailer engage in green mar-

keting. For convenience, the four models are described: in Model NM, the manufacturer 

has no fairness preferences and engages in green marketing; in Model NR, the manu-

facturer has no fairness preferences, and the retailer engages in green marketing; in 

Model MM, the manufacturer has fair preferences and engages in green marketing; and 
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in Model MR, the manufacturer has fairness preferences, and the retailer engages in 

green marketing. The retailer is the leader of the Stackelberg game, with complete in-

formation, and the manufacturer is the follower. The operation process of the green 

supply chain is shown in Figure 1. 

ω

q

Green Supply Chain

Retailer（er ） 

Green Supply Chain

Manufacturer （em）

     p Consumer
market

λ

            Figure 1. Retailer-led two-level green supply chain theoretical model 
We make the following assumptions to make the models more realistic and eco-

nomically feasible. Table 2 summarizes the definitions of symbols used in the article. 

Table 2. Notation definition 

Parameters The Meanings of the Parameters 
q

 The actual demand of the market 

  a  The potential size of the total market demand 

b  The demand sensitivity coefficient to price 

m  The production unit profit of retailer  
  The market demand sensitivity to green marketing efforts 

     The cost parameter for green marketing efforts,


is a constant 

c  Manufacturer’s unit production cost 

  Manufacturer’s fairness preferences coefficient 
i

j
 

The profits of green supply chain member enterprises 1 

iU  The utility of the manufacturer 1 

Decision variables        The Meanings of the Decision Variables 

  Unit wholesale price of the products 
p

 The retail price of unit product 

e  The level of green marketing efforts 

1  , , ,i NM NR MM MR=  ,  , ,j m r s= represent the profits of the manufacturer, 

the retailer and the overall SC under four scenarios where the manufacturer has and has 

no fairness preferences and the manufacturer and the retailer engage in green marketing. 
 

Assumption 1. Market demand function. The market demand for the product is im-

pacted by the green marketing of the firm. Considering a consumer preference for 

low-carbon products, we assume that the higher the level of green marketing efforts, the 

greater is the consumer demand for the product, while the product sales price remains 

unchanged[55]. Therefore, we use 0 ( )g e e=  to denote the increase in market demand 

brought by green marketing[56,57]. To ensure that the relevant expressions in this article 

make economic sense, it is assumed that market demand is a linear function of the retail 

price p  and the level of green marketing efforts e and that the retailer's order quantity 

is equal to the actual market demand. Similar to the assumptions for demand function in 

previous studies [54,58,59], we establish the market demand function as: This is example 

1 of an equation: 
( )q p a bp e= − +

                                 (1) 

Assumption 2. The cost of green marketing. The more effort a firm puts into green mar 

keting, the higher the cost. As the level of green marketing efforts increases, so does the 

impact on the increase in market demand. Therefore, we define the cost of green mar-

keting effort as 
2( )

2
g e e


= , where  is a constant in the coefficient for the cost of green 
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marketing effort[21,57]. Because the sales effort has a certain limit, the cost of green 

marketing has economic significance, and without loss of generality,  should be large 

enough[40,60]. 

 

Assumption 3. The utility of the manufacturer's fairness preferences. The firms are 

concerned about their own interests as well as the interests of others and compare these 

interests to determine whether they are fair. The greater the fairness attention coefficient, 

the larger is the impact on firm decisions[37]. According to the fairness preferences 

model established by Fehr & Schmid based on benefit fairness, agents are more sensitive 

to losses and have more prominent unfavourable and unfair preferences when there is an 

equal profit loss[34,36,61]. Therefore, similar assumptions are made in previous re-

search[62-66],we have that the utility of the manufacturer's fairness preferences is 

=( + ) m rU   1 - , and r m  , 0 1  ,  is the manufacturer’s fairness 

preferences coefficient.    
Assumption 4. Assuming that the market is a product market in a single period. Both the 

manufacturer and the retailer deal with a single product and do not consider out-of-stock 

products. The manufacturer produces a low-carbon product and sells the low-carbon 

product to the retailer at a wholesale price; the retailer sells the low-carbon product to the 

consumer at a retail price and earns a per unit profit; and there are no costs to the man-

ufacturer and retailer other than the manufacturer’s production cost. Assuming that all 

member firms of the green supply chain can carry out green marketing through corpo-

rate behaviors, we refer to assumption 0 2b   of previous research to ensure the 

feasibility of the relevant expression units and the concavity of the general func-

tion[23,67].   

4. Optimal decisions in green marketing supply chains 

4.1. Model MM and NM 

The manufacturer has fairness preferences and conducts green marketing. In a re-

tailer-led green supply chain, the manufacturer and the retailer make optimal decisions 

to maximize profits. We use a solution similar to that in the last section, withing the fol-

lowing decision sequence: the retailer first announces the retail price p . According to the 

fairness preferences coefficient  , the manufacturer then determines the wholesale 

price  and the level of green marketing efforts e .The profit functions of the manufac-

turer and the retailer are expressed as follows: 

        
2( , ) ( )( )

2

MM

m e c a bp e e


   = − − + −
                                    

(2) 

    ( ) ( )( )MM

r p p a bp e  = − − +                                     (3) 

( , ) (1+ )MM MM MM

m rU e   = −  (4) 

First, we substitute +=mp  into Eq. (2), we can obtain: 

2( , ) (1+ )[( )( ) ] ( )
2

MMU e w c a bm bw re e m a bm bw re


  = − − − + − − − − +              (5) 

By solving the first-order and second-order partial derivatives of Eq. (4), we can get 

the Hessian matrix of ( ),MMU e  as 
2 ( 1) ( 1)

( )
( 1) ( 1)

MM
b

H U
  

   

− + + 
=  

+ − + 
. We define 

1( )MMH U  , 
2( )MMH U  as the first-order and second-order leading principal minors of 

( )MMH U  .We can get that
1( ) = 2 0MMH U b−   and 

2 2

2( ) =(2 - )(1 )MMH U b  + . 

For 
2 ( ) 0MMH U   to be true, then 22b  . According to assumption 4, ( )MMH U  is 
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negative definite matrix, ( , )MMU e  is a strictly concave function of   and e . Let 

( ),
=0

MMU e






 and 

( ),
=0

MMU e

e




,by solving the binary equations, we can ob-

tain: 

     
2

[( )(1 ) (1 2 )]
( ) =

(2 )(1 )

MM a bc bm
e m

b

  

  

− + − +
=

− +
                                    (6) 

2

2

( )(1 ) ( + )
( )

(2 )(1 )

MM a bc c m c bm
m

b

     


  

+ + − + −
=

− +
                                    (7) 

 

Next：we substitute the result of Eq. (6) , Eq. (7) and p m = +  into Eq. (3), by 

solving the first-order and second-order derivatives of Eq.(3), we can get 

( )2

2
2 0

MM

r m
b

m


= − 


 ,so ( )MM

r m  is a strictly concave function of m  , then set 

the first derivative equal to zero from
( )MM

r m

m




,we have the optimal 

*MMm : 

     
* ( )

2

MM a bc
m

b

−
=                                     (8) 

We substitute the result of Eq. (8) into Eq.(6), Eq.(7),and p m = +  ,and get the 

optimal
*MMe 、

*MM and 
*MMp .Then, we substitute

*MMe and 
*MM into Eq.(1),and 

get 
*MMq ： 

     

2
*

2

( )[ (1 2 ) ]
=

2 (1 ) 2

MM a bc b
c

b b

  


  

− + −
+

+ −（ ）
                                    (9) 

     *

2

( )

2(2 )(1 )

MM a bc
e

b



  

−
=

− +
                                    (10) 

     

2
*

2

( )[(3 4 ) (1 2 ) ]

2 (1 ) 2

MM a bc b
p c

b b

   

  

− + − +
= +

+ −（ ）
                                    (11) 

     *

2

( )

2(2 )(1 )

MM b a bc
q

b



  

−
=

− +
                                    (12) 

Finally, we substitute Eq. (9)-(12) into Eq. (3) and Eq. (4), and obtain the maximum 

profits under the manufacturer conducting green marketing with fairness preferences: 

     

2
*

2

( )

4(2 )(1 )

MM

r

a bc

b




  

−
=

− +
                                    (13) 

     

2
*

2 2

( ) (1 2 )

8(1 ) (2 )

MM

m

a bc

b

 


  

− +
=

+ −
                                    (14) 

     

2
*

2 2

3 ( ) (1 2 )

8(1 ) (2 )

MM

s

a bc

b

 


  

− +
=

+ −
                                    (15) 

Proposition 1: The manufacturer has no fairness preferences, When =0 , model MM 

becomes model NM，the optimal equilibrium results of the wholesale price, the retail 

price, the level of green marketing efforts and the order quantity can be obtained as fol-

lows:  

     *

2

( )
+

2 2

NM a bc
c

b




 

−
=

−（ ）
                                    (16) 

     

2
*

2

( )(3 )
+c

2 (2 )

NM a bc b
p

b b

 

 

− −
=

−
                                    (17) 
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     *

2

( )

2 2

NM b a bc
q

b



 

−
=

−（ ）
                                    (18) 

     *

2

( )

2(2 )

NM r a bc
e

b 

−
=

−
                                    (19) 

Moreover, we can obtain the optimal profits of the manufacturer, the retailer and the 

overall SC without the manufacturer fairness preferences:  

     

2
*

2

( )

4(2 )

NM

r

a bc

b




 

−
=

−
                                    (20) 

     

2
*

2

( )

8(2 )

NM

m

a bc

b




 

−
=

−
                                    (21) 

     

2
*

2

3 ( )

8(4 )

NM

s

a bc

b




 

−
=

−
                                    (22) 

 

Property1. The impact of fairness preferences behavior on corporate decisions in the manufac-

turer's green marketing: 
*

0
MM







,

*

0
MMp







,

*

0
MMe







,

*

0
MMq







 , 

*

0
MMq







,

*

0
MM

m







,

*

0
MM

r







 , 

*

0
MM

s







. 

The proof is given in Appendix A.1. 

 

Property 1 indicate that as the manufacturer’s fairness preferences coefficient   

increases, the wholesale price
*MM and the retail price

*MMp increase, while the level of 

green marketing efforts
*MMe , market demand

*MMq , manufacturer’s profit
*MM

m , re-

tailer’s profit
*MM

r , and supply chain profit
*MM

s decrease. This can be easily under-

stood as follows. The manufacturer with fairness preferences is in a subordinate position 

in the distribution channel, and there are costs involved in conducting green marketing, 

resulting in an increase in the wholesale price. The increase in the wholesale price causes 

the retailer to increase the sales price, which in turn reduces the market demand for 

low-carbon products and ultimately leads to a decrease in the profits of the manufactur-

er, the retailer and the overall supply chain. 

4. 2Model MR and NR 

The manufacturer has fairness preferences and the retailer conducts green market-

ing. Similar as the last section, we use the following decision sequence: the retailer first 

announces the retail price p  and the level of green marketing efforts e . According to 

the fairness preferences coefficient , the manufacturer then determines the wholesale 

price . The profit functions of the manufacturer and the retailer are expressed as fol-

lows: s follows: 

         ( ) ( )( )MR

m c a bp e   = − − +                                     (23) 

     
2( , ) ( )( )

2

MR

r p e p a bp e e


  = − − + −
                                    

(24) 

( , ) (1+ )MR MR MR

m rU e   = −  (25) 

First, we substitute +=mp  into Eq. (25), and  by solving the first-order and 

second-order derivatives of Eq. (25) , we can get 

2

2

( , )
2 (1 ) 0

MRU e
b







= − + 


,so 
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( , )MRU e  is a strictly concave function of  . Then set the first derivative equal to zero 

from Eq. (25), we can obtain: 

 

     
1

( , )
2 1

bm
m e a bc re bm

b






 
= + + + − 

+ 
                                    (26) 

we substitute the result of Eq. (24) into Eq.（23）, we can get: 

     
2( , )

2 2

MR

r

a bm re bc mb
m e m e

 


− + − − 
= − 

 
                                    (27) 

Next, by solving the first-order and second-order partial derivatives of Eq. (27), we 

can get the Hessian matrix of ( ),MR

r m e   as 
1 2

( )

2

MR

r

b
b

H

 







 
− − +

=  
 −
  

 . We de-

fine 
1( )MR

rH   ,  
2( )MR

rH   as the first-order and second-order leading principal mi-

nors of ( )MR

rH   .We can get that, 1( ) = 0
1

MR

r

b
H b





− − 

+
 and 

2

2

4 (1 2 )- 1
( ) =

1

MR

r

b
H

   




+ +

+

（ ）
. For 

2( ) 0MR

rH    to be true, then 

24 (1 2 )- (1 ) 0b   + +  . According to assumption 4, ( )MR

rH   is negative definite 

matrix, ( ),MR

r m e  is a strictly concave function of m  and e . Let 

( ),
0

MR

r m e

m


=


and 

( ),
0

MR

r m e

e


=


 ,by solving the binary equations, we can ob-

tain the optimal 
*MRe and  

*MRm :   

     *

2

1 ( )

4 (1 2 )- 1

MR r a bc
e

b



   

+ −
=

+ +

（ ）

（ ）
                                    (28) 

*

2

(1 )( )
=

4 (1 2 )- (1 )

MR a bc
m

b

 

   

+ −

+ +

2
                                    (29) 

Then, we substitute the result of Eq. (26) and Eq. (27) into Eq.（24）and p m = + , 

and get the optimal
*MR and

*MRp . Then, we substitute  
*MMe into Eq.（1）and

*MRq , we 

can obtain: 

     *

2

1 4 ( )
+

4 (1 2 )- 1

MR a bc
c

b

 


   

+ −
=

+ +

（ ）

( ）
                                    (30) 

     *

2

3 1 2 ( )

4 (1 2 )- 1

MR a bc
p c

b

 

   

+ −
= +

+ +

（ ）

（ ）
                                    (31) 

     *

2

1 2 ( )

4 (1 2 )- 1

MR b a bc
q

b

 

   

+ −
=

+ +

（ ）

（ ）
                                    (32) 

Final, we substitute Eq. (26)-(30) into Eq. (22) and Eq. (23), and obtain the maximum 

profits: 

     
2 2

*

2
2

1 4 )(1 2 )( )

4 (1 2 )- 1

MR

m

b a bc

b

  


   

+ + −
=

 + + 

（

（ ）
                                    (33) 

     

2
*

2

1 )( )

2 4 (1 2 )- 1

MR

r

a bc

b

 


   

+ −
=

 + + 

（

（ ）
                                    (34) 

      

2 2
*

2
2

( ) {2 1 4 ) 1 2 ) [4 1 2 ) 1 ] 1 }

2 4 (1 2 )- 1

MR

s

a bc b b

b

        


   

− + + + + − + +
=

 + + 

（ （ （ （ ）（ ）

（ ）
 (35) 
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Under the basic assumptions, it is easy to prove that the above expression is greater 

than zero. 

Proposition 2: The manufacturer has no fairness preferences, When =0 , model MR 

becomes model NR，the optimal equilibrium results of the wholesale price, the retail 

price, the level of green marketing efforts and the order quantity can be obtained as fol-

lows:  

     *

2

( )
+

2 2

NM a bc
c

b




 

−
=

−（ ）
                                    (36) 

     *

2

3 ( )
+

4

NR a bc
p c

b



 

−
=

−
                                    (37) 

     *

2

( )

4

NR r a bc
e

b 

−
=

−
                                    (38) 

     *

2

( )

4

NR b a bc
q

b



 

−
=

−
                                    (39) 

Moreover, we can obtain the optimal profits of the manufacturer, the retailer and the 

overall SC without the manufacturer fairness preferences:  

     

2 2
*

2 2

( )

(4 )

NR

m

b a bc

b




 

−
=

−
                                    (40) 

     

2
*

2

( )

2(4 )

NR

r

a bc

b




 

−
=

−
                                    (41) 

     

2 2
*

2 2

( ) (6 )

2(4 )

NR

s

a bc b

b

  


 

− −
=

−
                                    (42) 

Property2. The impact of fairness preferences behavior on corporate decisions in the retailer's 

green marketing with the manufacturers’ fairness preferences : 
*

0
MR







,

*

0
MRp







,

*

0
MRe







,

*

0
MRq







,

*

0
MR

m







,

*

0
MR

r







,

*

0
MR

s







. 

The proof is given in Appendix A.2. 

 

Property 2 indicate that as the fairness preferences coefficient of manufacturer in-

creases, the wholesale price 
*MR and the profit of the manufacturer

*MR

m  also increase, 

while the retail price
*MRp , level of green marketing efforts

*MRe , market demand
*MRq , 

retailer’s profit 
*MR

r  and the supply chain profit
*MR

s decrease. This is not difficult to 

understand. The manufacturer with fairness preferences is upstream in the green supply 

chain and hence can effectively increase his/her own profit by increasing the wholesale 

price. The increase in the wholesale price reduces the incentive of the retailer for green 

marketing and the cost of sales effort, thereby lowering the sales price. This behavior 

leads to a reduction in market demand and hence a decrease in the profits of the retailer 

and the supply chain. 

Property3. The influence of green sensitivity on firm decision-making: 
*

0
i







,

*

0
ip







,

*

0
ie







,

*

0
iq







, 0

i

r








*

, 0
i

m








*

, 0
i

r








*

, 0
i

s








*

,and 

 , , ,i NM NR MM MR=  . 

The proof is given in Appendix A.3. 

 

Property 3 indicates that regardless of which firm engages in green marketing and 

whether fairness preferences are present, the wholesale price
*i , retail price

*ip , level of 

green marketing efforts
*ie , market demand

*iq , manufacturer’s profit
i

m
*

, retailer’s 
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profit
i

r
*

, and supply chain profit
i

s
*

will all increase with the market demand sensitiv-

ity to green marketing efforts . 

Green marketing increases the cost and price of low-carbon products but, more ef-

fectively, promotes the sales of low-carbon products. This behavior is always beneficial to 

the decision-making of member firms, and the greater is the green sensitivity, the more it 

can promote an increase in profits. Leading retailers should take effective measures to 

promote green marketing among firms and to increase the market demand for 

low-carbon products, thereby forming a virtuous low-carbon circular economy. This 

conclusion differs from the optimal decision of the manufacturer-led green supply chain 

in that the wholesale price is impacted by green sensitivity [22,59,68]. 

5. Analysis of equilibrium results 

This section comparatively analyses the optimal balance in decision-making under 

four scenarios, namely, those in which the manufacturer and the retailer engage in green 

marketing separately when there is and is not fairness preferences. Through compara-

tive analysis, the impact of green sensitivity and fairness preferences coefficient on the 

optimal decision of supply chain member firms is analyzed from the perspective of the 

profit maximization of members. 

5.1. The impact of green marketing on green supply chain :（NM and NR） 

Proposition 3. A comparison of the two scenarios in which the manufacturer and the retailer 

engage in green marketing shows that when the green sensitivity satisfies 0 2b   , the 

following relationship is observed between firms decisions: 
* *NR NM  ,

* *NR NMp p ,
NR* *NMe e ,

* *NR NMq q . 

The proof is given in Appendix A.4. 

 

Proposition 3 indicates that Compared with the scenario in which the retailer per-

forms green marketing, the scenario in which the manufacturer engages in green mar-

keting leads to a high wholesale price 
*NM , high market demand

*NMq and large level 

of green marketing efforts 
*NMe and low sales price

*NMp as well as an increase in the 

wholesale and retail prices brought by the green marketing costs paid by the manufac-

turer. Green marketing contributes to an increase in the market demand for low-carbon 

products, which in turn improves the motivation for green marketing effort. Therefore, 

green marketing by the manufacturer is more beneficial to the sales of low-carbon prod-

ucts. 

 

Proposition 4. Based on a comparison between the two scenarios in which green marketing is 

carried out by the manufacturer and the retailer, the performance decisions in the green supply 

chain have the following relationship: * *NR NM

m m  , * *NR NM

r r  , * *NR NM

s s  . 

The proof is given in Appendix A.5. 

 

Proposition 4 indicates that the profits of the manufacturer, retailer and supply 

chain when the manufacturer engages in green marketing are all greater than those when 

the retailer engages in green marketing, thereby showing that the manufacturer’s green 

marketing is more conducive to an increase in the profits of the member firms and the 

overall supply chain. It is more important for the leading retailer to take strong measures 

to promote the manufacturer to carry out green marketing and participate in environ-

mental protection and sustainable development. 
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5.2. The impact of fairness preferences on green supply chain:（MM, NM  and  NR, MR） 

Proposition 5. Based on a comparison of the two scenarios with and without fairness preferences, 

the decisions in the supply chain where the manufacturer performs green marketing have the fol-

lowing relationship: * *MM NMe e , * *MM NMq q , 

1.  When 0 b   , then 
* *MM NMp p ,

* *MM NM  ; 

2.  When 2b b    , then
* *MM NMp p ,

* *MM NM  . 

The proof is given in Appendix A.6. 

 

Proposition 5 indicates that in the supply chain where the manufacturer engages in 

green marketing, the green marketing effort and market demand in the context of fair-

ness preferences are smaller than those in the context without fairness preferences. When 

green sensitivity is low, the wholesale and retail prices in the context of fairness prefer-

ences are larger than those in the context without fairness preferences; and with the in-

crease in green sensitivity, the wholesale and retail prices in the context of fairness pref-

erences are lower than those in the context without fairness preferences. Therefore, in the 

supply chain with green marketing by the manufacturer, the fairness preferences of the 

manufacturer is not conducive to the sales of low-carbon products. 

 

Proposition 6. A comparison of the two scenarios with and without fairness preferences shows 

the following relationship for performance decisions in the supply chain where the manufacturer 

engages in green marketing: * *MM NM

m m  , * *MM NM

r r  , * *MM NM

s s  . 

The proof is given in Appendix A.7. 

 

Proposition 6 indicates that in the supply chain with green marketing by the manu-

facturer, the benefits of the manufacturer, the retailer and the supply chain in the context 

of fairness preferences are all smaller than those in the context without fairness prefer-

ences, and the fairness preferences reduce the benefits of the manufacturer, the retailer 

and the supply chain. Fairness preferences are not conducive to an increase in the profits 

of member firms and the overall supply chain. Firms should consider the impact of fair-

ness preferences and accordingly make effective green marketing decisions.  

 

Proposition 7. Based on a comparison of the two scenarios with and without fairness preferences, 

the decisions in the supply chain where the retailer performs green marketing have the following 

relationship: 
* *MR NR  , * *MR NRp p , * *MR NRe e , * *MR NRq q . 

The proof is given in Appendix A.8. 

 

Proposition 7 indicates that in the supply chain with green marketing by the retailer, 

the green marketing effort, market demand and retail price in the context of fairness 

preferences are lower than those when the manufacturer has no fairness preferences. 

However, the wholesale price in the context of fairness preferences is higher than that in 

the context without fairness preferences. Because the manufacturer is upstream in the 

supply chain, the most direct way for the manufacturer to increase profit is to increase 

the wholesale price. A higher wholesale price discourages the retailer from green mar-

keting efforts and reduces the market demand for low-carbon products. As the cost of 

green marketing efforts decreases, so does the retail price. Therefore, fairness preferences 

in the supply chain with green marketing by the retailer is also not conducive to the sales 

of low-carbon products. 
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Proposition 8. A comparison of the two scenarios with and without fairness preferences shows 

the following relationship for performance decisions in the supply chain where the retailer engag-

es in green marketing: * *MR NR

m m  , * *MR NR

r r  , * *MR NR

s s  . 

The proof is given in Appendix A.9. 

 

Proposition 8 indicates that in the supply chain with green marketing by the retailer,  

the profits of the retailer and the supply chain with fairness preferences are smaller than 

those without fairness preferences, and the profit of the manufacturer with fairness 

preferences is greater than that without fairness preferences. Therefore, fairness prefer-

ences is conducive to an increase in the manufacturer’s profit but not to the increase in 

the profits of the retailer and the overall supply chain, and the leading retailer should 

take effective measures to reduce the manufacturer’s fairness preferences. 

6. Numerical simulation and analysis:  

To better illustrate the above properties and propositions, we further verify them by 

numerical analysis in this section. The main parameters are as follows: 

400a = , 1b = , 2c = , 50 = and [0,8]  , [0,1] . In a retailer-led green supply chain 

with fairness preferences, we analyze the impact of the fairness preferences coefficient 

and green sensitivity on green supply chain pricing and performance when the manu-

facturer and retailer engage in green marketing. This finding provides a reference for 

corporate decision-making. The results are verified with numerical examples, as shown 

in Figures 2 to 7. 

                          



*i

a)       respect to b)      respect to  

c)       respect to 

*NR
e

*ie

*iq

d)       respect to



 

*NM
p

*NM
e

*NR
p

*i
p

*NR
q

*NM
q

*NM


*NR


 

 

*i
*i

p

*iq*ie
                               

           Figure2.
*i ,

*ip ,
*ie ,

*iq with respect to   ( ,i NR NM= ) 

Figure 2 shows that when there is no fairness preferences, regardless of whether the 

manufacturer or the retailer engages in green marketing, the wholesale price, retail price, 

level of green marketing efforts and market demand increase with the increase in the 
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green sensitivity marketing coefficient. Further observation of Figure 2 (a, c, d) shows 

that regardless of the change in green sensitivity, the wholesale price, level of green 

marketing efforts, and product demand when the manufacturer performs green mar-

keting are all higher than those when the retailer performs green marketing. From Figure 

2 (b), when green sensitivity is low, the retail price when the retailer performs green 

marketing is higher than that when the manufacturer engages in green marketing, and 

when green sensitivity is high, the opposite occurs. Therefore, proposition 3 and property 

3 are verified. 

*NR

m

   a)       respect to                                 d )       respect to                                 d )        respect to 

*NM

m
*i

m
 *i

r


*i

s


  

*NM

r


*NM

s


*NR

r


*NR

s




  *i

m


*i

r


*i

s


                 Figure3. 
*i

m ,
*i

r ,
*i

s with respect to  ( ,i NR NM=  ) 

From Figure 3, when there is no fairness preferences, regardless of whether the 

manufacturer or the retailer engages in green marketing, the profits of the manufacturer, 

retailer and the supply chain all increase with the increase in the green sensitivity coeffi-

cient; these profits are all higher when the manufacturer performs green marketing than 

when the retailer engages in green marketing, and the greater the green sensitivity, the 

greater the difference between the two. Hence, the manufacturer’s green marketing can 

better promote the benefits of member firms and the overall supply chain. These results 

verify proposition 4 and property 3. 



*i

a)       respect to b)      respect to  

c)       respect to 

*ie
*iq

d)       respect to



 

*i
p

*i
*i

p

*iq*ie

2 =
5 =

50 =
8 =

2 =
5 =

50 =
8 =

 

 

=2

=5

=8

=2

=5

=8

 

Figure4. 
*i ,

*ip ,
*ie *iq with respect to  ( , ; 2 5 50 8i NM NM = = 、、 、 ) 
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Figure 4 shows that When there is fairness preferences and the manufacturer per-

forms green marketing Figure 4 (a,b), when the green sensitivity is low （

0 = 50b    ）, as the fairness preferences coefficient increases, both wholesale 

and sales prices increase and are higher than those in the context without fairness pref-

erences（NM =0  ）; when the green sensitivity is high（ 50= 2b b     ）, the 

opposite occurs. Under each green sensitivity From Figure 4 (c, d), both level of green 

marketing efforts and product demand decrease with the increase in the fairness pref-

erences coefficient and are lower than those without fairness preferences（NM =0 ）. 

Thus proposition 5 and property 3 is also verified. 

*i

j



*i

r

*i

m



*

s

i


 
Figure5. 

m ,
r ,

s with respect to  ( ,MM NM ) 

Results from Figure 5 concluded that when there is fairness preferences and the 

manufacturer performs green marketing, as seen on the left side, with the increase in 

green sensitivity, the profits of the manufacturer, retailer and supply chain all increase, 

and as seen on the right side, as the fairness preferences coefficient increases, the profits 

of the manufacturer, retailer and supply chain all decrease. The profits of the manufac-

turer, retailer, and supply chain with fairness preferences are all smaller than those 

without fairness preferences（NM =0 ）, and the greater the green sensitivity, the larger 

is the difference between the two. Therefore, the manufacturer’s fairness preference is not 

conducive to an increase in the benefits of the manufacturer, retailer and supply chain; 

however, the manufacturer’s green marketing is beneficial. Thus proposition 6 and 

property 3 are also verified. 
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             Figure6. 
*i ,

*ip ,
*ie *iq with respect to  ( , ; 2 5 8i MR NR = = 、、 ) 

Figure 6 illustrates Regarding the manufacturer’s fairness preferences and the retail 

er’s green marketing, From Figure 6 (a), with the increase in the fairness preferences co-

efficient, the wholesale price increases and is greater than that when the manufacturer 

has no fairness preferences (NR: =0 ). Further observation of Figure 6 (b, c, d) shows 

that as the fairness preferences coefficient increases, the retail price, level of green mar-

keting efforts, and product demand all decreases and are smaller than those for a manu-

facturer without fairness preferences（NR: =0 ）. With the increase in green sensitivity, 

the wholesale and sales prices, level of green marketing efforts, and product demand in-

crease. Therefore, from the perspective of whether to strengthen market competitiveness 

or implement sustainable development, the green marketing decision of the leading re-

tailer should consider the manufacturer’s fairness preferences and make the optimal de-

cision accordingly to ensure the profit of the green supply chain member firms, verifying 

proposition 7 and property 3. 
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Figure7. 

m ,
r ,

s with respect to  ( ,MR NR ) 

Figure 7 shows that regarding the manufacturer’s fairness preferences and the re-

tailer’s green marketing, it can be seen on the left side that as green sensitivity increases, 

the profits of the manufacturer, retailer and supply chain all increase; on the right side, 

with the increase in the fairness preferences coefficient, the profits of the retailer and 

supply chain both decrease while the profit of the manufacturer increases. In manufac-

turer’s fairness preferences case, the manufacturer’s profit is larger than that without 

fairness preferences（NR: =0 ）, while the profits of the retailer and supply chain are 

smaller than those without fairness preferences. Hence, the retailer’s green marketing is 

conducive to an increase in the profits of the manufacturer, the retailer and the overall 

supply chain, while the manufacturer’s fairness preferences is conducive to an increase in 

his/her own profit but not to an increase in the benefits of the retailer and the overall 

supply chain. In actual firm operations, retailers engaging in green marketing must use 

an effective coordination mechanism to fairly distribute the profits of the green supply 

chain to reduce the manufacturer’s excessive fairness preferences so that the green sup-

ply chain system can operate efficiently and stably. The property 3 and proposition 8 are 

also verified. 

7. Conclusions 

The present study investigates the impact of green marketing and fairness prefer-

ences on the decisions of member firms in a retailer-led green supply chain. The optimal 

decisions regarding supply chain pricing and performance are analyzed under four sce-

narios, namely, those in which the manufacturer and the retailer each engage in green 

marketing without and with fairness preferences. To better understand the research re-

sults, we further compare the wholesale price, retail price, level of green marketing ef-

forts, market demand, and the performance of member firms and the supply chain under 

different scenarios. 

This paper has the following management implications: (a) When firms engage in 

green marketing, regardless of the presence of fairness preferences, green marketing is 

always conducive to increasing wholesale prices, retail prices, level of green marketing 

efforts, market demand, and profits of manufacturers, retailers and the supply chain. 

With the continuous development of green marketing, the leading retailers gain more 

channel profits, which lead to an increase in manufacturers’ fairness preferences. (b) 

Under manufacturers’ fairness preferences and green marketing, fairness preferences 

increase wholesale and sales prices when green sensitivity is low and decrease these 

prices otherwise. Fairness preferences discourages manufacturers from making level of 
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green marketing efforts and reduces the demand for low-carbon products, directly low-

ering the profits of manufacturers, retailers and the supply chain. (c) Considering fairness 

preferences, when retailers perform green marketing, with the increase in fairness pref-

erences coefficient, the wholesale price increases while the sales price, sales effort and 

product demand decrease; although fairness preferences are conducive to an increase in 

their own profits, it is not conducive to an increase in the profits of retailers and the 

supply chain. (d) Although fairness preferences limits retailers’ use of channel ad-

vantages to gain more profits, it reduces the profit of the overall supply chain. In short, 

the leading retailers should use an effective coordination mechanism to consider the 

fairness preferences of members while actively promoting green marketing by member 

firms to promote an increase in profits of member firms and the overall supply chain, 

ensure the efficient operation of the supply chain, and facilitate the green and sustainable 

development of the economy. 

The present study has the following limitations. First, we only analyzed the manu-

facturers’ fairness preferences and did not considered the impact of retailers’ fairness 

preferences on decisions in the green supply chain. In addition, we assumed that the 

demand function is a linear function of green marketing and product price, limiting the 

adaptability of the model to some extent. Finally, we only considered a two-stage green 

supply chain; therefore, we need to further study green supply chains with multiple 

competing retailers and consider the impact of fairness preferences on firms’ decisions, a 

worthy direction for future research. 

 

Author Contributions: Writing—original draft preparation, H.Z., H.H. and X.Z.; Methodology and 

validation, H.Z. and X.Z.; Writing—review and editing, H.Z. All authors have read and agreed to 

the published version of the manuscript. 

Funding: This work is supported by the National Natural Science Foundation of China (Grant No. 

71671054), the Philosophy and Social Science Fund Project of Heilongjiang Province (Grant 

No.20JLE386) and the Innovative Research Fund for Graduate Students of Harbin University of 

Commerce (Grant No. YJSCX2020-630HSD). 

Institutional Review Board Statement: Not applicable 

Informed Consent Statement: Not applicable 

Conflicts of Interest: The authors declare no conflict of interest. 

Appendix A 

Proof of Properties and Propositions 

Appendix A.1.Proof of Property 1 

By virtue of Eq. (8) -(14), we can obtain that for 0a bc−  and 
22 0b −  , 
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Appendix A.2.Proof of Properity 2 

From Eq. (26) and (28)-(33), we can get that 
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For, under the basic assumptions and the Hesse matrix assumption of the ma

nufacturer's equity preferences, it is easy to obtain: 
28 3 0b −  , 0a bc−  ,

24 (1 2 )- (1 ) 0b   + +  ,
24 (2 1) (5 2) 0b   + − +  . 

 

Appendix A.3.Proof of Property 3 

When i NM= , then
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When  , ,i NR MM MR= ,then the proof process is similar, it is not stated any-

more. 

 

Appendix A.4.Proof of Proposition 3 
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When 0 b   , then Proposition 3 is proved. 

 

Appendix A.5.Proof of Proposition 4 
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According to formula s r m  = + , we get
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Appendix A.6.Proof of Proposition 5 
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Appendix A.7.Proof of Proposition 6 
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Appendix A.8.Proof of Proposition 7 
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For，Under the basic assumptions and the Hesse matrix assumption of the manu-

facturer's fairness preferences, it is easy to obtain 
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Appendix A.9.Proof of Proposition 8 
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