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Abstract 
We investigate the endogenous choice of price (Bertrand) and quantity 
(Cournot) contract and the resulting social welfare in a vertically related up-
stream-downstream market with a consumer-friendly upstream firm. We find 
that choosing price (quantity) contract is the dominant strategy for down-
stream firms when the two-part-tariff pricing contract is determined through 
centralized (decentralized) Nash bargaining. Moreover, if the consum-
er-friendly upstream firm’s valuation over consumer surplus is sufficiently 
high and the product differentiation degree is sufficiently low, centralized 
bargaining is welfare-superior to decentralized bargaining. On the other hand, 
if the consumer-friendly upstream firm’s valuation over consumer surplus is 
sufficiently low and the product differentiation degree is sufficiently high, de-
centralized bargaining is welfare-superior to centralized bargaining. We also 
show that decentralized bargaining generates higher consumer surplus as 
compared to centralized bargaining, irrespective of both the product differen-
tiation degree and the upstream firm’s valuation over consumer surplus. 
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1. Introduction 

There is a well-established line of research analyzing the effects of Cournot and 
Bertrand competition on social welfare. Singh and Vives (1984) [1] show that 
choosing price (quantity) contract is the dominant strategy for both two firms 
when the goods are complements (substitutes), and a one-tier market is more 
competitive and efficient when it is characterized by Bertrand competition ra-
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ther than by Cournot competition. In particular, Bertrand competition results in 
lower prices and products and higher output and consumer and total welfare 
than Cournot competition. However, the vast majority of products reach the 
hands of the consumers after going through the various stages of the so-called 
vertical production chain. Apparently, this implies that a firm which operates in 
one stage of the vertical chain needs to trade with firms that are active at pre-
vious and/or later production stages. A substantial body of the literature has 
been developed thereafter extending the Singh and Vive s results. For instance, 
Cheng (1985) [2] and Vives (1985) [3] generalized these results respectively by 
means of a geographic approach and by considering the n-firm oligopoly case 
with general demand functions. The normal scene is that input suppliers and fi-
nal goods producers are involving in two-part tariff vertical pricing contracts 
(Berto Villa-Boas, 2007 [4] and Bonnet and Dubois, 2010 [5]). Alipranti et al. 
(2014) [6] demonstrate that the standard conclusions about price and quantity 
competition can be altered in the context of a vertically related market. In par-
ticular, they show that when a monopoly input supplier and two final goods 
producers determine the two-part tariff vertical pricing contracts through a de-
centralised generalised Nash bargaining process, the equilibrium profits of the 
final goods producers and social welfare are higher under Cournot competition. 
Their analysis extends the literature that compares Cournot and Bertrand out-
comes in standard one-tier oligopoly markets by considering a vertically related 
setting. As such their analysis also complements the literature on contracting in 
vertically related markets (e.g., McAfee and Schwartz, 1995 [7]) by analyzing the 
role of the mode of downstream competition. On the other hand, Leonard F.S. 
Wang et al. (2016) [8] aim to revisit the classic question of price and quantity 
contract where the downstream firms involve in centralized bargaining with an 
upstream input supplier to determine the two-part tariff vertical pricing con-
tracts. They show that choosing price contract is the dominant strategy for the 
downstream firms and both Bertrand and Cournot entail equal welfare level. 

In our article, we assume a consumer-friendly upstream firm which does not 
aim to maximize himself profit but to maximize the weighted sum of its own 
profit and consumer surplus. We find that if the consumer-friendly upstream 
firm’s valuation over consumer surplus is sufficiently high and the product dif-
ferentiation degree is sufficiently low, centralized bargaining is welfare-superior 
to decentralized bargaining. On the other hand, if the consumer-friendly up-
stream firm’s valuation over consumer surplus is sufficiently low and the prod-
uct differentiation degree is sufficiently high, decentralized bargaining is wel-
fare-superior to centralized bargaining. 

Our research contributes to several areas of the existing literature. First and 
foremost, we contribute to the oligopoly theory. In our article, we assume the 
two downstream firms simultaneously decide whether to adopt quantity contract 
(Cournot Competition) or price contract (Bertrand Competition). Second, we 
also contribute to the debate about quantity competition and price competition 
in a vertical related market. We show that the decision about whether to choose 
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quantity or price competition is depend on the bargaining pattern between the 
downstream firms and the upstream firm. Specifically, if the consumer-friendly 
upstream firm is involved in a centralized bargaining with the downstream 
firms, choosing price contract is the best strategy for the final goods producers. 
Otherwise, quantity contract is the dominant strategy for the downstream firms. 
Finally, we first introduce an upstream firm which is consumer-friendly to the 
model, it means the object of the upstream firm is to maximize the weighted 
sum of its own profit and consumer surplus. We find that if the consum-
er-friendly upstream firm’s valuation over consumer surplus is sufficiently high 
and the product differentiation degree is sufficiently low, centralized bargaining 
is welfare-superior to decentralized bargaining. 

The remainder of this article is organized as follows. Section 2, we discuss the 
choices of the two downstream firms. Section 3 provides the analysis of the equi-
libria. In section 4, we conclude. 

2. The Model 

Consider a vertical market structure where an upstream monopolist U  sup-
plies a homogeneous intermediate input to two downstream firms, denoted by 

1D  and 2D , respectively, through two-part tariff contracts involving an 
up-front fixed-fee and a per-unit price. The two downstream firms sell differen-
tiated products in the final good market. We denote the output of downstream 
firm i by ( ), 1, 2iq i = . The total output in the final good market is 2

1 iiq q
=

= ∑ . 
We assume that one unit of input is required to produce one unit of the output, 
and 1D  and 2D  can convert the inputs to the final goods without incurring 
any further cost. 

The underlying utility function of the representative consumer is assumed to  

be ( ) ( )
2 2
2

1 2 2 1 21
1 .

2
,

2
U q q q q qq q q γ− −= + −  Utility maximization yields the fol-  

lowing inverse demand function for downstream firm : 1i i ji p q qγ= − − , where 
1,2,i =  and ( )0.1γ ∈  measures the degree of product differentiation. Clearly, 

a lower value of γ  indicates a higher degree of product differentiation. In par-
ticular, 1γ =  implies that the goods of the two downstream firms are perfect 
substitutes, and 0γ =  implies that their products are completely different.  

Clearly, the resulting consumer surplus is 
2 2
2 1

1 22 2
qCS q q qγ+ += . 

The upstream firm U is assumed to be a consumer-friendly one, whose objec-
tive is to maximize the weighted sum of its own profit and consumer surplus, 
i.e., ( ),   where   0 1U UV CSπ α α α= + ≤ ≤  denotes the degree of the upstream 
firm’s concern over consumer surplus. 

We then consider a three-stage game. At the first stage, the two downstream 
firms simultaneously decide whether to adopt quantity contract or price con-
tract. At the second stage, the upstream firm U involves in a centralized (or de-
centralized) bargaining with downstream firms to determine the terms of the 
two-part tariff contracts involving an up-front fixed-fee, iF , and a per-unit 
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price, iω , where 1,2.i =  At the third stage, all the enterprises decide on their 
competition pattern given the result of stage 1. We solve the game through 
backward induction. We start our discussion at stage 3. Totally, there are four 
competition modes: 

2.1. Both Downstream Firms Adopt Quantity Contracts (qq) 

In this case, each iD  selects iq  to maximize its own profit: 

( )Max 1 ,   , 1, 2,   qq
i i j i i i iq q q F i j i jπ ω γ ω= − − − − = ≠ .        (1) 

The resulting reaction functions are: 
1

  , 1, 2,   
2

i j
i

q
q i j i j

ω γ− −
= = ≠ .                  (2) 

From (1) and (2), we obtain the equilibrium quantity and prices: 

( ) ( )2

2 2

2 22 2
,  ,   , 1, 2,

4 4
i ji j

i iq p i j i j
γ γ ω γωγ ω γω

γ γ

− + − +− − +
= = = ≠

− −
.   (3) 

It is obvious that the final production of each downstream firm is negatively 
correlated with its own input price and positively correlated with its rival’s input 
price. Moreover, each downstream firm’s final product price increase with the 
downstream firms’ input prices. 

From (3), the profit equation in (1) can be further reduced to  

( )2 ,   , 1, 2,   .qq
i i iq F i j i jπ = − = ≠                 (4) 

2.2. Both Downstream Firms Adopt Price Contracts (pp) 

In this case, the direct demand function is  
( )

2

1
,   , 1, 2,   

1
i j

i

p q
q i j i j

γ γ
γ

− − +
= = ≠

−
. Each iD  chooses ip  to maximize its  

own profit: 

( )
( ) ( )

2

1 1
Max ,  , 1, 2,  .

1
i jpp

i i i i

p p
p F i j i j

γ
π ω

γ

− − −
= − − = ≠

−
       (5) 

The first-order conditions give rise to the following reaction functions: 
(1 )

,   , 1, 2,   .
2

j i
i

p
p i j i j

γ γ ω− + +
= = ≠                 (6) 

From (5) and (6), we get the equilibrium prices and outputs of each down-
stream firm’s final product: 

( )( ) ( )
( )( )

( )( )

2

2 2

2

1 2 2
,

4 1
1 2 2

,   , 1, 2, .
4

i j
i

i j
i

q

p i j i j

γ γ γ ω γω

γ γ

γ γ ω γω
γ

− + − − +
=

− −

− + + +
= = ≠

−

             (7) 

From (7), the profit function of downstream firm i in (5) can be further re-
duced to:  

( )( )2 2 ,  1 , 1, 2,   .  pp
i i iq F i j i jπ γ= − − = ≠               (8) 



X. Zhang, X. T. Wang    
 

186 

2.3. D1  Chooses Price Contract and D2  Chooses Quantity  
Contract (pq) 

In this case, 1D  chooses 1p  and 2D  chooses 2q  to maximize their profits 
simultaneously: 

( ) ( ) ( )1 2
1 1 1 12

1 1
Max

1
p p

p F
γ

π ω
γ

− − −
= − −

−
.             (9) 

( )2 2 1 2 2 2 2Max 1 q q q Fπ ω γ ω= − − − − .              (10) 

The first order conditions of (9) and (10) yield the equilibrium price charged 
by 1D  and the equilibrium output level chosen by 2D : 

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

1 22 2

1 2 2 1 2 2
,  .

4 3 4 3
p q

γ γ γ ω γω γ γω ω
γ γ

− + + − + − + −
= =

− −
   (11) 

Thus, the profit functions in (9) and (10) can be further reduced to: 

( )2
1 1 1,pq q Fπ = −                        (12) 

( )( )2 2
2 2 21 .pq q Fπ γ= − −                    (13) 

2.4. D1  Chooses Quantity Contract and D2  Chooses Price  
Contract (qp) 

In this case, 1D  chooses 1q  and 2D  chooses 2p  to maximize their own prof-
its: 

( )1 1 2 1 1 1 1Max 1qp q q q Fπ ω γ ω= − − − − ,              (14) 

( ) ( ) ( )2 1
2 2 2 22

1 1
Max

1
qp p p

p F
γ

π ω
γ

− − −
= − −

−
.           (15) 

The first order conditions of (14) and (15) determines the equilibrium quan-
tity of 1D  and the equilibrium price of 2D : 

( ) ( )( ) ( )2
2 12 1

1 22 2

1 2 2 12 2
, .

4 3 4 3
q p

γ γ γ ω γωγ γω ω
γ γ

− + + − +− + −
= =

− −
   (16) 

Thus, the profit functions in (14) and (15) can be further reduced to: 

( )( )2 2
1 1 11pq q Fπ γ= − − ,                    (17) 

( )2
1 2 2
pq q Fπ = − .                       (18) 

3. Equilibrium Analysis 
3.1. Centralized Bargaining 

In this part, we assume that the consumer-friendly upstream firm involves in a 
centralized bargaining with the downstream firms. At stage two of game, the up-
stream firm and downstream firms determine the terms of the two-part tariff 
contract by maximizing the following generalized Nash bargaining expression: 

( ) ( )12 2
1 1Max * ,i i i ii iCS q F

β β
ρ ρ ρ ρα ω π

−

= =
   + +   ∑ ∑           (19) 
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where α  denotes the consumer-friendly upstream firm’s valuation over con-
sumer surplus, ρ  denotes the mode of downstream competition. And iqρ  
and i

ρπ  denote the output and net profit of the final goods producers, β  
(resp. ( )1 β− ) shows the bargaining power of the upstream firm (resp. down-
stream firms). We restrict the range of ( ): 0,  1β β ∈ . If 1β = , iω  and iF  
are set by the upstream firm and if 0β = , iω  and iF  are set by the down-
stream firms. 

Maximizing the above with respect to iF  gives the following: 

( )

( ) ( ) ( )

2
1

2
1

1 1
2

 1 2 1 1 .

i i j i ii

i i ji

F q q q

q p

ρ ρ ρ ρ ρ

ρ ρ ρ

β γ ω

β α ω α

=

=

 = − − − 

 − − + − − 

∑

∑
           (20) 

Maximizing (16) subject to (1)-(15) and (17) gives the equilibrium input pric-
es of downstream firms under the different modes of downstream competition 
as: 

( )( )1 2 2 1
qq qq α γ αγω ω

α γ
− +

= =
− + +  

(where both downstream firms choose quantity contracts), 

1 2 2
pp pp α γω ω

α
−

= =
− +  

(where both downstream firms choose price contracts), 

( )
( )( )1

1
2 1

pq α α γ
ω

α γ
+ − +

=
− + +

, 2 2
pq α γω

α
−

=
− +

 

(where 1 D  adopts price contract and 2D  adopts quantity contract), 

1 2
qp α γω

α
−

=
− +

, ( )
( )( )2

1
2 1

qp α α γ
ω

α γ
+ − +

=
− + +

 

(where 1D  adopts quantity contract and 2D  adopts price contract). 
At the stage one, each downstream firm simultaneously makes a choice 

whether to adopt quantity contract or price contract. We can get the equilibrium 
outcomes shown in Table 1. 

We can find that consumer surplus and social welfare will not change irres-
pective of the mode of downstream competition. As  

( ) ( )

2

1 1 1 1 2 2 2 2 2 2 0
2 1 2

pq qq pp pq pq qq pp pq
c c c c c c c c

γπ π π π π π π π
γ α

− = − = − = − = >
+ − +

, for the  

downstream firms, choosing price contract is the best strategy for the final goods 
producers, which is similar to Leonard F.S. Wang et al. (2016). When the down-
stream firms choose price contract, the profits of the upstream firm is:  

( )
( ) ( )2

2 1

2 1
pp
c

β α β

α γ

− +
Π =

− + +
. And in this case, the social welfare is  

( ) ( )2

3 2
2 1

pp
cSW α

α γ
−

=
− +

, the consumer surplus is 
( ) ( )2

1
2 1

pp
cCS

α γ
=

− +
 and  
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Table 1. Equilibrium outcomes under centralized bargaining. 

Competition model Profit of the downstream firms Social welfare Consumer surplus 

qq ( )( )
1

2 2 1
qq qq
ic jc

βπ π
α γ
−

= =
− +

 
( ) ( )2

3 2
2 1

α
α γ
−

− +
 

( ) ( )2

1
2 1α γ− +

 

pp ( )( )
1

2 2 1
pp pp

ic jc

βπ π
α γ
−

= =
− +

 
( ) ( )2

3 2
2 1

α
α γ
−

− +
 

( ) ( )2

1
2 1α γ− +

 

pq 

( )( ) ( ) ( )
( ) ( )2 2

2 1 1 2 1 2
2 2 1

pq
ic

α β γ β γ γ γ
π

α γ
+ − + + − + + +

=
− + +

 

( ) ( )( ) ( )
( ) ( )2 2

2 2 1 1 2 1
2 2 1

pq
jc

γ γ α β γ β γ
π

α γ
− − + + − + + − +

=
− + +

 
( ) ( )2

3 2
2 1

α
α γ
−

− +
 

( ) ( )2

1
2 1α γ− +

 

qp 

( )( ) ( ) ( )
( ) ( )2 2

2 1 1 2 1 2
2 2 1

pq
ic

α β γ β γ γ γ
π

α γ
+ − + + − + + +

=
− + +

 

( ) ( )( ) ( )
( ) ( )2 2

2 2 1 1 2 1
2 2 1

pq
jc

γ γ α β γ β γ
π

α γ
− − + + − + + − +

=
− + +

 
( ) ( )2

3 2
2 1

α
α γ
−

− +
 

( ) ( )2

1
2 1α γ− +

 

 

the profit of downstream firm i is 
( )( )

1
2 2 1

pp
ic

βπ
α γ
−

=
− +

. 

Social welfare comprised with three major part—consumer surplus, upstream 
firm’s profits and downstream firms’ profits. So the effect of a change in α  on 
social welfare can be decomposed into three different effects as follow:  
d d d d

d d d d

pp pp pp pp
c c c icSW CS π
α α α α+ − +

Π
= + + 1. The first term on the right-hand side captures  

the direct effect of a change in α  on consumer surplus. We know that the final 
product price decline and output rises, can make the consumer surplus rise. So 
consumer-friendly upstream firm reduces the intermediate product prices to 
lower the price of the final product, increase the output of the final product, to 
increase the consumer surplus. The degree of the upstream firm’s concern over 
consumer surplus ( )α  rises leading to the downstream manufacturers’ output  

increased (
( ) ( )2

d 1
d 2 1

pp
iq
α α γ

=
− +

), price fell (
( )2

d 1 0
d 2

pp
icp
α α

= − <
−

). So the rise  

of α  is beneficial to the consumer surplus. The second and third terms on the 
right-hand side denotes the direct effect of a change in α  on the profits of up-
stream and downstream firms. Consumer-friendly upstream firm reduce the in-
termediate product prices to rise the consumer surplus, which is damage to its  

profits 
d

0
d

pp
c

α
 Π

< 
 

 and beneficial to the profits of downstream firms  

d
0

d

pp
icπ
α

 
> 

 
. As 

( )
( )( )3

2 1d
0,

d 1 2

pp
cSW α
α γ α

− +
= >

+ − +
 the sum effect of a change in  

α  on consumer surplus and downstream is stronger than downstream firm. 
Lemma 1. Social welfare is positive correlated with the degree of the upstream 

firm’s concern over consumer surplus under centralized bargaining. 

 

 

1Where pp
icπ  denotes the net profit of the downstream firms and pp

cΠ  denotes the net profit of the 

upstream firm over the centralized bargaining. “+” denotes Positive and “−” denotes negative. 
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3.2. Decentralized Bargaining 

In this part, we will investigate the situation that the decentralized bargaining 
between the consumer-friendly upstream firm and the downstream firms. At 
stage two of the game, the upstream firm and downstream firms adopt the terms 
of the two-part tariff contract by maximizing the following generalized Nash 
bargaining expression: 

( ) ( ) ( ) 12
1 2 1

1
Max * ,

2

, 1,2,

j
i i i j j iiCS CS q F F

i j i j

βρ
βρ ρ ρ ρ ρ ρ ρ ρ

ω
α ω ω π

−

=

 −
   − + + − +    

= ≠

∑ (21) 

where 
( ) ( )2 2

1 2 1 2
1

2

2

q q q q
CS

ρ ρ ρ ρ
ρ

γ+ +
=  denotes the consumer surplus that two 

downstream firms in the downstream market. 

( ) 2

2

1

2
2

j

CS

ρ

ρ

ω−

=  represents the 

consumer surplus and 
( )1

2
j

j jF
ρ

ρ ρ
ω

ω
−

+  is U’s profits when the upstream firm’s  

negotiation with iD  breakdown and jD  acts as a monopolist in the down-
stream market, i.e., it produces the monopoly quantity. 

Maximizing the above with respect to iF  gives the following  

( ) ( ) ( ) ( ) ( ) ( )
2

1 2
1

1 1
1 1 .

2 2
j j

i i i i j i i
i

F CS CS q q q q
ρ ρ

ρ ρ ρ ρ ρ ρ ρ ρ ρ
ω ω

β α ω β γ ω
=

 + −
 = − + − + − + − − −
  

∑ (22) 

In this case, we can get the equilibrium wholesale prices of downstream firms 
under the different modes of competition. 

( )( )
( )( )

2

1 2 2

2 1
4 2 2 1

qq qq γ α γ γ
ω ω

γ α γ γ
− + − + +

= =
− + − + +  

(where both downstream firms choose quantity contracts), 

( )
( )

2

1 2

2
4 2

pp pp γ α γ
ω ω

α γ
− +

= =
− +  

(where both downstream firms choose price contracts), 

( )( ) ( )( )( )
( ) ( ) ( )( )( )
( ) ( )( ) ( ) ( )( )( )

( ) ( ) ( )( )( )

2 2 2

1 2 2

2 2 2 2

2 2 2

4 1 4 3 8 12 2 5
,

1 4 2 8 8 3

2 2 1 4 3 1 8 4 2 3
,

1 4 2 8 8 3

pq

pq

γ α γ γ α γ γ γ
ω

γ α α α γ

γ γ α γ γ α γ γ γ γ
ω

γ α α α γ

+ + − + + + − +
=

+ − − + + + − +

− + + + − + − + − + − + +
=

+ − − + + + − +

 

(where 1D  adopts price contract and 2D  adopts quantity contract), 

( ) ( )( ) ( ) ( )( )( )
( ) ( ) ( )( )( )

( )( ) ( )( )( )
( ) ( ) ( )( )( )

2 2 2 2

1 2 2

2 2 2

2 2 2

2 2 1 4 3 1 8 4 2 3
,

1 4 2 8 8 3

4 1 4 3 8 12 2 5
,

1 4 2 8 8 3

qp

qp

γ γ α γ γ α γ γ γ γ
ω

γ α α α γ

γ α γ γ α γ γ γ
ω

γ α α α γ

− + + + − + − + − + − + +
=

+ − − + + + − +

+ + − + + + − +
=

+ − − + + + − +
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(where 1D  adopts quantity contract and 2D  adopts price contract). 
At the stage 1, each downstream firm simultaneously makes a choice whether 

to adopt quantity contract or price contract. We can get the equilibrium out-
comes as follows (Table 2): 

As ( )1 1Min 0qq pq
d dπ π− ≥ , ( )1 1Min 0qp pp

d dπ π− ≥ , ( )2 2Min 0pq pp
d dπ π− ≥ ,  

( )2 2Min 0qq qp
d dπ π− ≥ , for the downstream firms, choosing quantity contract is the 

dominant strategy which is similar to Maria Alipranti (2014). When the down-
stream firms choices quantity contract, the profits of upstream firm is  

( ) ( )( ) ( ) ( ) ( ){ }
( )( )( )

3 2 2

22

2 4 4 2 2 2 4 1 8 3 1
.

4 4 2 2 1
qq
d

γ γ β γ γ α γ β γ β γ

γ α γ γ

 − + − − + − + + − + − + − + − + Π =
− + − + +

 

And in this case, the social welfare is  
( ) ( )( ) ( )

( )( )( )22

2 6 2 2 1 1 3

4 2 2 1
qq

dSW
γ α γ γ γ γ

γ α γ γ

− + − + + − +  =
− + − + +

, the consumer surplus is  

( ) ( )
( )( )( )

2

22

2 1

4 2 2 1
qq
dCS

γ γ

γ α γ γ

− +
=

− + − + +
 and the profit of downstream firm is  

( )( ) ( )
( )( )( )

2 2 2

22

1 2 8 4 4 3

8 4 2 2 1
qq
id

β γ γ α γ
π

γ α γ γ

 − − + − + − + =
− + − + +

. 

What is the relationship between social welfare and the degree of the up-
stream firm’s concern over consumer surplus (α )? Same as over the centralized 
bargaining, the effect of a change in α  can be decomposed into three different  

effects as follow: d d d d
d d d d

pp pp pp pp
d d d idSW CS π
α α α α+ − +

Π
= + + . The degree of upstream firm’s  

concern about consumer surplus is positive correlated with consumer surplus 
and the net profit of the downstream firms, negatively correlated with the net 
profit of the upstream. But Social welfare and the attention of consumer surplus 
is inverted U-shaped relationship in this case. In other word, when the degree of  

concern is relatively low (
2

2

20
2

γ γα
γ γ

− −
< <

+ −
), the sum effect of a change in α   

on consumer surplus and downstream is stronger than upstream firm and in this 
case the social welfare increase as α  rises. And when the degree of concern is  

relatively high (
2

2

2 1
2

γ γ α
γ γ

− −
< <

+ −
), the sum effect of a change in α  on consumer  

surplus and downstream is weaker than upstream firm, and in this case the so-
cial welfare falls as α  rises. As shown in Figure 1, the degree of the upstream 
firm’s concern over consumer surplus is positive correlated with the social wel-
fare below the line (area A) and negatively correlated with the social welfare 
above the line (area B). And when the coordinate are on the line, the total sur-
plus in the amount of the increase is equal to the amount of the reduction. 

Lemma 2. Social welfare and the degree of upstream firm’s concern about con-
sumer surplus is inverted U-shaped relationship under decentralized bargaining. 

Proof: 
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Figure 1. The relationship between social welfare and α  (X-axis is γ, Y-axis is α ). 
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=
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, 

when  
2

2

20
2

γ γα
γ γ

− −
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+ −
, d

0
d

pp
dSW
α

> , 

when  
2

2

2 1
2

γ γ α
γ γ

− −
< <

+ −
, d

0
d

pp
dSW
α

< , 

and when  
2

2

2
2

γ γ α
γ γ

− −
=

+ −
, d

0
d

pp
dSW
α

= . 

According to the content of the above, we can get the following corollary: 
Corollary 1. When the upstream firm is a consumer-friendly firm, the social 

welfare and the consumer surplus is greater than a profit maximization enter-
prise. 

If the upstream firm is profit-maximizing, the endogenous choice of competi-
tion mode in the downstream market will not change. And the social welfare is  

( )
3

4 1pcSW
γ

=
+

2, the consumer surplus is 
( )

1
4 1pcCS

γ
=

+
 under the centra-

lized bargaining, the social welfare is 
( )( )

( )

2

22

2 6 3

4 2
pdSW

γ γ γ

γ

− − −
=

−
, the consumer 
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2In this case the subscript pc (pd) denote the upstream firm is profit-maximizing and the bargaining 
model is centralized (decentralized) bargaining. 
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surplus is ( ) ( )
( )

2

22

2 1

4 2
pdCS

γ γ

γ

− +
=

−
 under the decentralized bargaining. We can  

find that: 0c pSW SW− ≥  and 0c pCS CS− ≥ . 

SW CS N↑= ↑ + Π ↓ 3.                    (23) 

Equation (23) means that consumer surplus rise and total profits of down-
stream and upstream firms declined, but the social welfare will rise when the up-
stream firm is consumer-friendly. If the upstream firm is a consumer-friendly 
firm, the upstream firm not only pay attention to its own profit, but also con-  

cerned about the consumer surplus in the bargaining process. As d 0
d

p
α
<  and 

d 0
d

q
α
> , denote the degree of upstream firm’s concern about consumer surplus  

is significantly positive correlation with quantity and negative correlation with 
price. The consumer surplus rise when the upstream firm is consumer-friendly. 
And in this case, the increase in consumer surplus is greater than the decrease in 
total profits of firms, resulting in the rise of social welfare. 

3.3. The Comparison of the Social Welfare and Consumer Surplus 

According to lemma 1 and lemma 2, social welfare is positive correlated with the 
degree of upstream firm’s concern about consumer surplus under centralized 
bargaining, and social welfare and the degree of upstream firm’s concern about 
consumer surplus is inverted U-shaped relationship under decentralized bar-
gaining. In which case social welfare is higher? 

According to the above analysis, we can get that when the consumer-friendly 
upstream firm is involved in a centralized bargaining with the downstream firms,  

the social welfare is 
( ) ( )2

3 2
2 1

cSW α
α γ
−

=
− + +

. And the social welfare is  

( ) ( )( ) ( )( )
( )( )( )22

2 6 2 2 1 1 3

4 2 2 1
dSW

γ α γ γ γ γ

γ α γ γ

− + − + + − +
=

− + − + +
 under decentralized bargain-  

ing. 
Proposition 1.  
When  

( ) ( )( )
( )( )

26 1 3 4 4 1
1

2 2 1

γ γ γ γ γ
α

γ γ

− + − + + + + − +
< ≤

− + +
, c dSW SW> , 

when  

( ) ( )( )
( )( )

26 1 3 4 4 1
0

2 2 1

γ γ γ γ γ
α

γ γ

− + − + + + + − +
≤ <

− + +
, ,c dSW SW<  

when  

 

 

3 SW ↑  represents the social welfare raise. CS ↑  represents the consumer surplus raise. NΠ ↓  
denotes total profits of downstream and upstream firms decrease. 
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( ) ( )( )
( )( )

26 1 3 4 4 1

2 2 1

γ γ γ γ γ
α

γ γ

− + − + + + + − +
=

− + +
, c dSW SW= . 

The intuition for proposition 1 is straightforward. As shown in Figure 2, area 
under the line (area A) expresses that the social welfare is greater when the up-
stream firm is involved in a decentralized bargaining with the downstream 
firms. When consider the online area (area B), the social welfare is greater if the 
consumer-friendly upstream firm is involved in a centralized bargaining with 
the downstream firms. It is intuitively plausible that if the consumer-friendly 
upstream firm’s valuation over consumer surplus is sufficiently high and the 
product differentiation degree is sufficiently low, centralized bargaining is wel-
fare-superior to decentralized bargaining. On the other hand, if the consum-
er-friendly upstream firm’s valuation over consumer surplus is sufficiently low 
and the product differentiation degree is sufficiently high, decentralized bar-
gaining is welfare-superior to centralized bargaining. 

As shown in Figure 3, when the degree of concern is relatively low  

(
2

2

20
2

γ γα
γ γ

− −
< <

+ −
 area I), the social welfare increases with α  under the two  

bargaining modes. And in this situation the social welfare under the decentra-
lized bargaining is greater than under the centralized bargaining. When  

( ) ( )( )
( )( )

2
2

2

6 1 3 4 4 12
2 2 12

γ γ γ γ γγ γ α
γ γγ γ

− + − + + + + − +− −
< <

− + ++ −
 (area II), although the  

social welfare is negatively correlated with α under decentralized bargaining and  
 

 
Figure 2. Social welfare comparison (X-axis is γ, Y-axis is λ). 
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Figure 3. Social welfare comparison (X-axis is γ, Y-axis is λ). 
 
positively correlated under centralized bargaining, the social welfare under the 
decentralized bargaining is also greater than under the centralized bargaining. 
But when the degree of concern is relatively high  

(
( ) ( )( )

( )( )

26 1 3 4 4 1
1

2 2 1

γ γ γ γ γ
α

γ γ

− + − + + + + − +
< <

− + +
, area III), the social welfare  

under the decentralized bargaining is less than under the centralized bargaining. 
In this situation, reduction in social welfare is sufficiently high under decentra-
lized bargaining and added value of social welfare is sufficiently high under cen-
tralized bargaining. 

The consumer surplus is 
( )( )2

1
1 2

cCS
γ α

=
+ −

, when that the upstream firm  

involves in a centralized bargaining with the downstream firms. And the con-  

sumer surplus is ( ) ( )
( )( )

2

22

2 1

4 2 2
dCS

γ γ

γ α λ γα

− +
=

+ − + − −
 under decentralized bar-  

gaining mode. It can be checked that the consumer surplus increase as α rises 
under two bargaining modes. In which case the consumer surplus is higher? 

Proposition 2. Decentralized bargaining generates higher consumer surplus 
as compared to centralized bargaining, irrespective of both the product differen-
tiation degree and the upstream firm’s valuation over consumer surplus. 

Proof: 

( )
( ) ( ) ( ) 22

4 4 2
0

2 1 4 2
c dCS CS

γ γ α γ

α γ α γ

− − + +  ∆ = − = <
− + + − + +  

. 

Centralized bargaining is that downstream firms together to bargain with the 
upstream firm and decentralized bargaining is that downstream firms respec-
tively bargains with the upstream firm. So when the downstream firms get to-
gether, more conducive to protect their own profits, what is mean that more 
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convenient to occupy the consumer surplus. So the consumer surplus is less un-
der the centralized bargaining. 

4. Conclusions 

In this paper we find that when the consumer-friendly upstream firm is involved 
in a centralized bargaining with the downstream firms, choosing price contract 
is the best strategy for the final goods producers which is same to Leonard F.S. 
Wang et al. (2016) [8]. However when the consumer-friendly upstream firm is 
involved in a decentralized bargaining with the downstream firms, quantity 
contract is the dominant strategy for the downstream firm which is same to Ali-
pranti et al. (2014) [6]. Moreover, if the consumer-friendly upstream firm’s val-
uation over consumer surplus is sufficiently high and the product differentiation 
degree is sufficiently low, centralized bargaining is welfare-superior to decentra-
lized bargaining. On the other hand, if the consumer-friendly upstream firm’s 
valuation over consumer surplus is sufficiently low and the product differentia-
tion degree is sufficiently high, decentralized bargaining is welfare-superior to 
centralized bargaining. We also show that decentralized bargaining generates 
higher consumer surplus as compared to centralized bargaining, irrespective of 
both the product differentiation degree and the upstream firm’s valuation over 
consumer surplus. And only under the decentralized bargaining, upstream en-
terprises can better achieve its goal. 

Finally, we must admit that our model is restrictive. For example, we only 
considered one firm in the upstream market and two firms in the downstream 
market. Furthermore, we do not allow the downstream market is free entry. Ex-
tend our model to these direction remains for future research. 
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