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Price Competition and Coordination in a
Multi-echelon Supply Chain

YUN HUANG, GEORGE Q. HUANG

Abstract—This paper studies price coordination problem in
a three-echelon supply chain composed of a single supplier, a
single manufacturer and a single retailer. Three types of
channel structures are considered, namely, the decentralized,
the semi-integrated, and the integrated. Two power structures
are studied for the decentralized and the semi-integrated
channels. The leader-follower power structure is modeled as a
Stackelberg game, where the manufacturer always takes the
leadership, while the independent power structure is treated as
a simultaneous non-cooperative game (simply Nash game). We
explore the effects of power structures, channel structures and
market parameters on equilibrium prices and profits. The
results show that the manufacturer or the integrated members
had better take the channel leadership. We also find that the
integration for the manufacturer and the retailer cannot always
improve their profits in a monopoly. Besides, when product cost
is larger than a certain echelon, the chain members’ profits will
increase as the market becomes more sensitive to the retail
price.

Index Terms—multi-echelon supply chain, pricing, channel
structure, power structure, Stackelberg game, Nash game.

. INTRODUCTION

As the development of supply chain management, more
emphasis has been put on integrating suppliers,
manufacturers, distributors and retailers efficiently. Making
pricing strategy in channel wide is not only a matter
concerned with each enterprise individually, but the other
channel members, as well as the whole channel system.
However, Pareto-optimal pricing decisions always cannot be
achieved for the channel members, since different objectives
of channel members result in conflicts between them, see [4].
Hence, coordination of different echelons of the channel is
emphasized, see [9] for example.

Jeuland and Shugan ([7]) study the effect of cooperation
between the manufacturer and the retailer comparing an
independent channel structure with a vertically integrated
channel and conclude that cooperation always results in
higher profit. Choi ([4]) considers pricing problem for a
channel structure consisting of two competing manufacturers
and one common retailer who sells both manufacturers’
products. He studies three non-cooperative games of
different power structure between the two manufacturers and
the retailer. Charles and Mark ([3]) explore channel
coordination by a manufacturer that sells an identical product
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to two competing retailers. Minakshi ([11]) studies channel
competition by analyzing three channel structures, the least
constrained of which deals with two competing
manufacturers and two retailers. In the above research,
cooperative or non-cooperative pricing decisions have been
made to coordinate the channel members. However, these
research focus on the traditional channel structure, always
composed of two echelons (buyer /manufacturer and
seller/retailer) with different power division between them.
Alan and Medini ([2]) study pricing in a three-level system
(manufacturer-retailer-customer). They conclude that the
manufacturer would like to cooperate with the retailer to sell
the product to the customer to maximize his profit. Although
they consider a multi-level channel, the customer does not
join in making pricing decision. In fact, it is still a traditional
channel structure problem.

This paper considers a single product three-level price
model consisting of one supplier, one manufacturer and one
retailer. Two different channel structures are considered in
this supply chain. The first is decentralized channel that the
manufacturer uses the independent supplier and retailer, in
which they optimize their own profit individually and
non-cooperatively. The second is that the manufacturer
integrates with the supplier / the retailer and uses the
independent retailer / the supplier simultaneously. This
channel is called by semi-integrated channel.
Leader-follower and independent power balance scenarios
are both considered for the two channel structures. This paper
studies the effects of the above channel structures, different
power structures and market environment on the equilibrium
prices and profits of individual channel members and the
supply chain system.

The remainder of this paper is organized as follows: §2
gives the notations and optimizing model for the supplier, the
manufacturer and retailer. 83 illustrates two non-cooperative
game models for the decentralized channel and gives
solutions to the two models. 84 studies the semi-integrated
channel structure and focuses on the integration of the
manufacturer and the retailer. Two game models are
developed for this integration and solutions are given. The
integrated channel structure is studied in 85. 86 discusses
effects of power structures, channel structures and market
parameters on the equilibrium price and profits. The last
section summarizes major work and further research areas.

1. MODEL FORMULATION AND NOTATIONS

We consider the supply chain of one supplier, one
manufacturer and one retailer of a product with price
sensitive demand. The supplier provides the manufacturer
with the sole raw material used to produce a single product
sold to the retailer. Then the retailer sells the product to
customers. This simple monopoly structure allows us to
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focus on the competition and coordination between different
echelons, without the distraction of multiple products,
multiple suppliers, manufacturers and retailers. Similar
assumptions can be seen from [2, 6, 11], etc. We use ‘s’, ‘m’,
I’ to index the supplier, the manufacturer, the retailer,
respectively.

Demand is assumed to be a function of the retailer’s retail
price (p;) paid by end customers. If demand is price sensitive
with constant price elasticity, we employ the following
iso-elastic demand function:

D(p,)=ap;,’,a>0,b>0 (1)
where a is a scaling parameter, and b is the price elasticity of

the demand, which is always positive. This is because b>0
implies that D increases at a diminishing rate as pr decreases.
This demand function is fairly common in marketing
literature (see [1, 8, 10, 12]).

We further assume that all customer demand for the
retailer will be satisfied. We study a one period static model.
With the deterministic market demand, it is mild to assume
that the manufacturer has the capacity to produce enough to
satisfy the retailer’s demand and the supplier could also
provide enough material for the manufacturer.

Given the echelon of demand, to determine the profits of
the retailer, the manufacturer and the supplier, we assume the
supplier provides its raw material at a price of ps and the
manufacturer sells its product at a wholesale price pm. Let
mm and mr denote the manufacturer’s profit margin and the
retailer’s profit margin, respectively. Further, we denote the
supplier’s procurement cost per unit raw material as cs and

the production cost per unit product as cm. 55 is assumed to

be the usage amount of unit raw material per unit product.
This means that if the manufacturer will produce D unit

product, he will purchase 5,D from the supplier.

Assuming that the retailer controls the values of the retail
price pr, the manufacturer controls the values of the
wholesale price pm and the supplier controls the value of the
raw material price ps. Then the retailer’s profit function is
given as:

ﬂ-r(pr):mrD(pr)’ (2

where M. =P, — P, .

The manufacturer’s profit function is:

7 (P)=m,D(p,). ©)
m=Pn— p555 -C,

The supplier’s profit function is:

7,(p.)=(p,—¢,)8.D(p,) (@)

Using the profit functions identified above, we then
determine the optimal pricing decisions of the retailer, the
manufacturer and the supplier under different channel
structures and power structures.

where M

I11. DECENTRALIZED CHANNEL

In this section, we consider the decentralized channel
structure, in which the manufacturer uses independent
supplier and retailer. We consider two power balance
scenarios under this channel structure, leader-follower and
independent scenarios. For the first scenario, the

manufacturer takes the channel leadership, while the supplier
and the retailer are the followers. For the second one, the
supplier, the manufacturer and the retailer are of independent
equal status and no one dominates over others. As shown in
Figure 1, we use Stackelberg game structure to model the
first scenario and Nash game structure for the second one.

A. Manufacturer Stackelberg

We use Stackelberg game to model the leader-follower
power balance scenario. In fact, it is a sequential game,
composed of two Stackelberg games. For convenience, we
call this game model as Manufacture Stackelberg (MS). The
first Stackelberg game is between the manufacturer and the
supplier. In this game, the manufacturer chooses its profit
margin using the reaction function of the supplier. The
supplier sets its raw material price, conditional on the
manufacturer’s profit margin. The second Stackelberg game
is between the manufacturer and the retailer, in which the
manufacturer chooses its profit margin using the retailer’s
reaction function and the retailer determines its profit margin
given the manufacturer’s profit margin. The game rule can be

referred from Figure 1(a)

(a) Manufacturer Stackerlberg

(b) Vertical Nash

Figure 1. Game rules for the decentralized channel structure

Under the above assumption, the manufacturer takes the
supplier’s and retailer’s reaction functions into consideration
for its pricing decision. We first solve the second Stackelberg
game. The retailer’s reaction function can be derived from
the first-order condition of (2):

\.0(p.)

or
r—D _
o (P )+(P, = P, o,

From (5), the retailer’s reaction function can be derived:

P =P (Pn) (6)

The supplier determines its raw material price given the

=0 (5)

manufacturer’s profit margin mm. Using
P, =M, + Pp,o, +C,, and (6), we have:
P, =P, (M, + PJ,+Cy ) @)

Substituting (7) into the profit maximization condition for
the supplier:

or, 8D( P ) op
. , =o.D —-C,)o, - —L=0
aps(pr p.) =D (p,)+(p;—C,), . op.
®)
Then we can derlve the reaction function for the supplier:
P, =P, (P.)="P, (Pn) )

Substituting the supplier and the retailer’s reaction
functions (6) and (9) into the manufacturer’s profit
maximization condition:
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op, Py,

0 d aD(p,) op,
& {1_5 'ﬁ\)D(pr)-'_(pm_ps s_cm)' (p )L
0

(10)

We can obtain the Stackelberg equilibrium of the two
games as a solution for the Manufacturer Stackelberg model.
The equilibrium prices and profits for this game structure can
be referred from Table 1.

B. Vertical Nash

The second independent power balance scenario is
formulated as a Nash game. In this game, the supplier, the
manufacturer and the retailer make pricing decisions
simultaneously and  non-cooperatively.  Again  for
convenience, we call this game Vertical Nash (VN). In this
game, the supplier chooses its raw material price conditional
on the manufacturer’s profit margin and the retailer’s profit
margin to maximize its profit. The manufacturer chooses its
profit margin conditional on the supplier’s raw material price
and retailer’s profit margin. The retailer sets its profit margin
S0 as to maximize its profit conditional on the supplier’s raw
material price and the manufacturer’s profit margin. The
game is played according to the rule seen from Figure 1(b).

The Nash equilibrium for the Vertical Nash model can be
represented as a solution for our pricing problem. The
first-order condition for this equilibrium involves the retailer
profit maximization condition (5) and the following two
profit maximization conditions:

or 5D(pr)

m - D -p.S.—C ) ——2=0 (11
oy (P)+(Py—PS —C,) 2, (11)
or 2 aD(pr)

s =85D —c )0 —2=0 (12
o, % (p,)+(p,—C,)9, o (12)

Substituting the D( pr) with iso-elastic demand function

(1) and simultaneously solving (5), (11) and (12), we have
the results for optimal prices and profits shown in Table 2.

IV. SEMI-INTEGRATED CHANNEL

In the semi-integrated channel, the manufacturer chooses
to integrate with either the retailer or the supplier first and
then works with the supplier or the retailer independently. In
effect, the supply chain with this channel structure is a
two-echelon system where the manufacturer integrates with
another echelon to be a single decision maker.

Without loss of generality, we mainly consider the channel
structure that the manufacturer integrates forward with the
retailer in the three-echelon supply chain. We call this
channel structure as MR-integration channel. Also, two
power balance scenarios are considered for the
MR-integration channel, leader-follower and independent.
The first one is the two integrated chain members (the
manufacturer and the retailer) act as the leader, while the
independent member (supplier) acts as the follower. The
second one is that the two integrated members and the
independent member are of equal status. We formulate
Stackelberg and Nash games for the two scenarios
respectively. Since the manufacturer and the retailer integrate
together, we assume that there in no transfer price between

them. Hence, there is no need to specify the manufacturer’s
price in the modeling process.

A. MR-Stackelberg

We first consider the leader-follower power balance
scenario that the manufacturer and the retailer integrate and
act as the leader of the supply chain, while the supplier acts as
the follower. We formulate Stackelberg game between the
integrated manufacturer and retailer and the independent
supplier. We call this game model as MR-Stackelberg
(MR-S). The manufacturer and the retailer agree to make
their own profit margin decision taking the supplier’s
reaction function into account. The supplier conditions its
raw material price on the profit margin given by the
manufacturer and the retailer. The game rule is shown as
Figure 2(a).

P, P
N m r

<

(a) MR-Stackelberg
Ps P

(b) MR-Nash
Figure 2. Game rules for semi-integrated channels
The profit function for the manufacturer and the retailer is:
T =M. D(P,) (13)
where m_. = p, — PO, —C,, .
m,., is the profit margin for the integrated manufacturer

and retailer. The supplier’s reaction function can be derived
from the first-order condition of (4):

or, 8D( p )
==5,D(p,)+(p,—¢,)8, - ——+>=0 (14
op. =% (P )+(p.=c.)d, . (14)
Then we can obtain the supplier’s reaction function:
P, =P, (P) (15)

Taking (15) into account, the manufacturer can obtain its
optimal pricing decision through the following first-order
condition of (13):

or op
—=1-—-¢6,|D - p.o,—cC. )
apr ( apr Sj (pr)+(pr ps ) m)

oD (p,)
ap,

=0

. (16)
Substituting D( pr) with demand function (1), we have

the Stackelberg equilibrium results for this game structure on
prices and profits in Table 1.

B. MR-Nash

The independent power balance scenario here features that
the integrated manufacturer and retailer are of equal power
with the supplier. We formulate Nash game between them
called by MR-Nash (MR-N). The supplier chooses its raw
material price conditional on the profit margin given by the
manufacturer and the retailer to maximize its profit. The
manufacturer and the retailer integrate to choose its profit
margin conditional on the supplier’s raw material price to
maximize their total profit. The game rule is shown as Figure
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2(b). The equilibrium conditions for Nash game can be
derived from the first order conditions of (4) and (13).

or aD(p,)
+=6,D —¢,)8, - ——==0 (17
o, % (p,)+(p,—C,)0, o (17)
or 6D(pr)
D —pd,—¢C, ) ——L=0 (18
. (p,)+(P —Pb,—Cp) 2, (18)

Simultaneously solving (17) and (18), we have the Nash
equilibrium results for prices and profits shown as Table 2.

V.INTEGRATED CHANNEL

In this section, we focus on the integrated channel (marked
as I). In this channel, the supplier, the manufacturer and the
retailer integrate together to take decisions to maximize the
entire system profit. The full vertical integration of the supply
chain wide prevents the manufacturer from dealing with the
conflicting incentives that an independent supplier or retailer
would have. We assume there is no transfer price between the
supplier, the manufacturer and the retailer, and thus only a
single retail price pr to be determined.

The profit function for the total three members is:

7=(p,—¢,—-¢c,)D(p,) (19)
Taking the first order condition of (19):

or aD(p,)
—~=D —¢ -6, ) ——2=0 (20
. (p)+ (P, —Cp —3:C;) 2, (20)

Through (20), we can obtain the optimal retail price. The
other results for the integrated channel can be referred from
Table 1.

VI. DISCUSSION

This section discusses several implications that are
observed from the results. We focus particularly on the
effects of power structures, channel structures and market
parameters. In the following discussion, we use superscript
MS, VN, MR-S, MR-N, SM-S, SM-N and | to denote the
corresponding quantities for the MS (Manufacture
Stackelberg), VN (Vertical Nash), MR-S (MR-Stackelberg),
MR-N  (MR-Nash), SM-S (SM-Stackelberg), SM-N
(SM-Nash) and I (integrated) cases, respectively.

A. Effects of power structure

Choi ([4, 5]) studies the effect of power structures on the

equilibrium prices and profits of the channel members in a
traditional channel composed of the manufacturer and the
retailer and shows that under iso-elastic demand function,
when no one takes the channel leadership, each member will
lose. Here, we will discuss the effect of different power
structures on the equilibrium prices and profits in the above
three-level supply chain. Integrated channel is not discussed
since it does not involve different power structures. The
following proposition illustrates the effects of the two
different power structures of the decentralized channel and
MR-integration channel respectively.
Proposition 1(a). For the decentralized channel, all the
supply chain members and the entire system prefer the MS
case to the VN case for the lower equilibrium prices and the
larger profits.

(b). For the MR-integration channel, MR-S case is
preferred by all the supply chain members and the entire
system.

Proof. We assume b >3 . Compare the retail price, the

wholesale price and the raw material price in the MS case
with those in the VN case:

P _ py° _b*(b-3)
Y P (b-1)
pMs O.c.+C
:__1=—(b+1)- e T 7m
p." (b+1) (b-1)°((b-2)s,c, +c,)

Hence, we have the relationships: p:\"ssp\r/N \

3 2
= b” —3b <1:

b®-3b°+30-1"

(1)

<0.(22)

pr';"s < quN , ps'vIS < p;’N . The equilibrium prices for all

supply chain members in the MS case are no higher than
those in the VN case.

Compare the retailer’s, the manufacturer’s, the supplier’s
profits and the entire system profit in the MS case with those
in VN case:

Obviously,

MS 1\ ot 3 2 b1

7" _| (b-1) _(b°=30"+30-1)" g
ﬂYN b? (b - 3) b*® —3b?

ﬂr\'/‘N = 2(b ) =1 , this is because
(b_l)Sb—l
T is decrement function of b. When b
b” (b-3)

MS

approaches infinity, r\“/N reaches the lowest value 1. That

(b _1)3b—1 ~
0o 20 (- 3)°
7Z'MS (b _1)3b—2

Similarly, we have: —— = —2>1. Thus,
”;/N bgb_]_ (b _3)b 1
MS
T _>1.
Ve

Therefore, the profits for all chain members and the entire
supply chain system in the MS case are no less than those in

the VN case: zrrMS Zﬂ':lN , 7Z':T\1AS ZﬂxN , ﬁSMS Zﬂ';lN ,

™ > 2™ This completes the proof of part (a). The proof
of part (b) is similar. [_]

From Proposition 1, we can see that, when iso-elastic
demand function (1) is employed, the MS case or the MR-S
case is preferred by the supply chain members and the entire
system, being compared with the VN case in the
decentralized channel or the MR-N case in the
MR-integration channel. Hence, leader-follower power
scenario is preferred by the supply chain. That is, the
manufacturer or the integrated manufacturer and retailer
would rather take the leadership of the decentralized channel
or the MR-integration channel. Proposition 1 is also
consistent with the results for the traditional channel structure
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([4]). For SM-S and SM-N cases, the results are similar with
those of MR-S and MR-N cases and discussions are omitted
here.

B. Effects of channel structure

We investigate the effects of different channel structures
on equilibrium price and profits in this section. Firstly, we
compare the semi-integrated channel with the decentralized
channel.

In this subsection, we study the effects of different channel
structures of the three-level supply chain. We first propose
the following proposition.

Proposition 2. Compared with the decentralized channel, the
manufacturer’s forward integration with the retailer can
always provide larger profits for all the supply chain
members and the entire system when price elasticity b

2 3 b-1
satisfies 20 —20+1 ( (b—1) <1 or b>3.539.
b? b?(b—2)
Proof. Proposition 1 shows that in the decentralized channel,
the MS case provides larger profits for all the chain members
and the entire system than the VN case and the MR-S case
provides larger profits than the MR-N case in the
MR-integration channel. Thus, we just need to compare the
profits of the individual supply chain members and the entire
system in the MR-N case with those in the MS case. If the
MR-N case could provide larger profits than the MS case, the
MR-S (or MR-N) case will also have larger profits than the
MS (or VN) case. That is the integration of the manufacturer
and the retailer can always provide larger profits for all the
chain members and the entire system.
Compare the joint profit of the retailer and the
manufacturer in the MS case with that in MR-N case:
3b-3
M 4 s _ (b-1) (2b2—2b+1) . (24)
ﬁnr:AerN h2° (b _ 2)b—1

(b-1)""(2b* — 20 +1)
b? (b-2)""

Some numerical methods, such as bisection method,

Newton’s method, can be employed to find out the root of

(b-1)""(2b* — 20 +1)
b? (b-2)""

and find out the root, b = 3.5396 .

MR-N
mr

is decrement function of b.

—1. Here, we use bisection method

Therefore, 7er5 + ﬁr':]"s <7 , When

(b-1)""(2b*~2b+1)

<1 0r b>3.5396.
b* (b—2)""

(25)

Compare the supplier’s profit in the MS case with that in
MR-N case:
7Z'MS B (b _1)3b72

S

VRN - b2b—1(b_2)b—l )

S

It is decrement function of b. When b approaches 3,

MS
S
MR-N

(26)

reaches the highest value 0.5267. Hence, we have

Similarly, the entire system of the MS case and that of the
MR-N case have the following relationship: ™ < RN

This completes the proof of Proposition 2. [ ]

McGuire and Staelin ([10]) show that vertically integration
can maximize joint profits in a monopoly but not necessarily
in a duopoly for a channel composed of the manufacturer and
the retailer. From Proposition 3 and 4, we can see that the
integration for the manufacturer and the retailer / the supplier
can not always maximize the joints profits even in a
monopoly. Why do McGuire and Staelin’s results differ from
ours? The main reason is that we consider the integration in a
three-level channel, which is different from the traditional
channel of [10]. Take MR-integration channel as an example.
The supplier charges no less raw material price when the
manufacturer integrates with the retailer compared with the
decentralized channel. If the integration for the manufacturer
and the retailer brings enough profits to cover the loss for the
increase of raw material price, the integration will be
welcome.

For the integrated channel, compared the retail price and
profits with the other channel structures, we have:
Proposition 3. The integration for all the supply chain
members provides the lowest retail price and highest system
profit compared with the decentralized and the
semi-integrated channel structures.

Since the semi-integrated channel structure is superior to
the decentralized channel structure in retail price and system
profit, the integrated channel has higher system profit than
any of the four game structures for the semi-integration
integrated channel structure.

Proposition 4. Under iso-elastic demand function, when the

price elastic b—>o , the channel efficiency for
decentralized channel for both Stackelberg game structure

and Nash game structure tends towards 3e? and for
Stackelberg game structure and Nash game structure of the

semi- integrated channel, it tends towards 2e .

Here, the channel efficiency (marked as CE) is defined as
the ratio of the channel profits to the integrated channel
profits ([8]). The channel efficiency for all the cases is shown
in the last row in Table 1 and Table 2.. This proposition tells
us that when the price elastic of the demand function tends to
infinite, the difference of channel efficiency between
different game structures for same channel structure becomes
smaller.

Proposition 5. As the integration of the supply chain
increases, the channel efficiency becomes higher.

Referred from Table 1 and Table 2, we have:

CE™ <CEM™ <CEM*N/CE™M™N <CE"™*/CEM® <CE'=1.
(@7)

VII. CONCLUSION

This paper attempts to investigate pricing strategies in a
three-level supply chain composed of one supplier, one
manufacturer and one retailer with three types of channel
structures. In the first decentralized channel, the supplier, the
manufacturer and the retailer are independent and they
optimize their own profit individually. We consider two
power scenarios, the leader-follower and independent
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scenarios. Stackelberg game and Nash game structures are
formulated for the two scenarios respectively. In the second
semi-integrated channel, the manufacturer could choose to
integrate with the supplier or the retailer to maximize their
total profit. Leader-follower and independent power
scenarios are both considered for this channel. The third is
the integrated channel. In this channel, the supplier, the
manufacturer and the retailer cooperate together and
maximize their system wide profit. We make comparison
between different power scenarios for decentralized and
semi-integrated channel respectively and between different
types of channel structures.

This paper makes contribution in three-fold. Firstly, we
add to the growing literature of channel studies by modeling
pricing problem in a multi-level channel. The game model for
the three-echelon supply chain is put forward. Each echelon
is a game player and involved in making pricing decisions.
Secondly, this paper considers semi-integrated channel,
which is different from the fully decentralized or integrated
relationship. In a multi-level supply chain, the chain
members could choose to integrate with some one and
non-cooperate with some others. Under this circumstance,
how the integrated members and non-cooperated members
will behave and when the integration will be welcomed by
the chain members are of our concern. Finally, this paper
conducts comparison  between the decentralized,
semi-integrated and integrated channel structures and obtains
some meaningful conclusions.

Table 1. Results for leader-follower power structure
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" b* (5&#%] a(b—l)( (b—1)? j" 1| b*lae, +c,
_1)\° _1\2 b-1 12 b-1 b* 5505 +C,
a(b-1"( (b-1) a [ (b-1)
72'5 b3b—l 55C5+Cm be—l 5SC3+Cm

a@b-1( b-> )| a( b-1 Y]
b* | s.c, +c, b\ s.c, +c,

x| a@?-30+1)( (b-1° | a@b-1)( (b-1?2 )
(System b S5.C.+C b* | d.c, +¢
Profit) s st
efsﬂyjf;?ly (3b>—3b +1?J(b —1)%C (2b-1)(b-1)** (2b —1)(bb ~1)*?
(CE) b? b b
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Table 2. Results for independent power structure *

Decentralized Semi- integrated Integrated (1)
ntegrate
Vertical Nash (VN) MR Nash (MR-N) SM Nash (SM-N) J
b(s,c,+c,,) b(s,c,+c,) b(o,c, +c,) b(s.c, +c,,)
Pr b-3 b2 b—2 b-1
P (b _1)(5505 + Cm) (b _1)(5505 + Cm)
" b-3 b-2
(b-2)s.c, +c, (b-1)o.c, +c,
P 5,(b-3) 5,(b-2)
b-1 b-1
b-3 al b-2
7 Wb b-1 )
b”{ o, +¢, al b-2 b”{ o,c,+cC, .
vt | Flaeee) HESS
ol B b
ﬂ-m bb 55(:5 + Cm a b _ 2 b-1 b 5SCS + Cm
af b-3 )" af b-2 )" | b’lac+g,
& b°\ s.c, +c, b°\ s.c, +c,
b-1
T b-1 b-1 b-1 a b-1
mem | 225 m bo2 | bz [0
Profit) b* | s, +c, b® | s.c, +¢, b* | s, +c, s& T
System a\bt bt !
efficiency S(DJ Z(MJ 2(uj 1
(CE) b-1 b-1 b-1

* In order to make the results for Vertical Nash (VN) case meaningful here, we assume the price elasticity b

is greater than 3.
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