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Three-level Supply Chain with Different
Channel Structures
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Abstract—Most studies to date have focused on price
coordination in the traditional channel structure, mostly
composed of two echelons. Little attention has been given to the
multi-level channel. This paper studies price coordination
problem in a three-level 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. We explore the effects of power
structures, channel structures and market parameters on
equilibrium prices and profits.

Index Terms—Supply chain, pricing, Stackelberg game, Nash
game.

I. 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 [11] 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
to two competing retailers. Minakshi ([12]) 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
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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. 85
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.

Il. 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
focus on the competition and coordination between different
echelons, without the distraction of multiple products,
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multiple suppliers, manufacturers and retailers. Similar
assumptions can be seen from [2, 7], etc. We use ‘s’, ‘m’, ‘r’
to index the supplier, the manufacturer, the retailer,
respectively.

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 level 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 my,
and m, 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 ¢ and

the production cost per unit product as cm. o, 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 p;, the manufacturer controls the values of the
wholesale price py, and the supplier controls the value of the
raw material price ps. Then the retailer’s profit function is
given as:

7. (p,)=mD(p,). (1)

where m = p, —Pp,,.
The manufacturer’s profit function is:
7 (Pn)=m,D(p,). (2)
where m_ = p,, — PO, —C,, .
The supplier’s profit function is:
”S(pS)z(ps_Cs)é‘sD(pr) 3)

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.

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
non-linear demand function:

D(p,)=ap;”,a>0,b>0 (4)
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, 16]).

I1l. 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. We use
Stackelberg game structure to model the first scenario and
Nash game structure for the second one.

® 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.

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 (1):

o oD(p,)
=D - ——==0 5
. (P )+ (P~ Pn) . (5)
From (5), the retailer’s reaction function can be derived:
P =P (Pn) ©)

The supplier determines its raw material price given the

manufacturer’s profit margin Mp,. Using
P, =M, + PO, +C, and (6), we have:

P, =P, (M, + P.6, +¢,) ()

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

on oD(p,) op,

o, (Pr.P,)=3,D(p,)+(P, ~¢,)5, 'T'a_ps

=0

- ®)

Then we can derive 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:

or op oD(p,) op
m_11_5 .25 D — —c ). P S P
ap [ S ap j (pl’)+(pm pS S Cm) ap ap

m m r m

=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.

® 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
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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 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, aD(p,)

_—m :D — 5 —_ '—:0 11

o, (p,)+(Pn—PS —Cy) 2, (11)
ZZ: :55D(pf)+(ps_cs)552.8[23f3rpr)20 (2

Substituting the D('p,) with non-linear demand

function (4) and simultaneously solving (5), (11) and (12),
we have the results for optimal prices and profits shown in
Table 1.

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-level 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-level 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.
® 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 profit function for the manufacturer and the retailer
is:
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T =M, D(P;) (13)

where m_. = p, — p,J, —C,,.
mmr

and retailer. The supplier’s reaction function can be derived
from the first-order condition of (3):

is the profit margin for the integrated manufacturer

or, 8D( p )

s—6.D +(p,—-¢c.)o ——L=0 (14
. (P )+(p—c,), 2, (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):

on op aD(p,)
| 1-—.5, |D - PS5, —Cy )
op ( ap, j (P)+(pr =6, =Cy) ap

r r

=0
. (16)
Substituting D( p, ) with demand function (4), we have

the Stackelberg equilibrium results for this game structure on
prices and profits in Table 1.
® 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 equilibrium conditions for
Nash game can be derived from the first order conditions of
(3) and (13).

or 2 aD(pr)
s~ 5.D —c.)s2- 22 g a7
. % (p,)+(p,—c,)0, P (17)

orn oD(p,)
m - D - p,8,—¢, ) ——2=0 (18
o (p)+(P,— PS5 —Cp) o (18)

Simultaneously solving (17) and (18), we have the Nash
equilibrium results for prices and profits shown as Table 1.

V. 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) respectively.

Choi[7,8] 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 non-linear 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
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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. 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; 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 _pi_b'(b=3)_  b-3

VN T L UN T 3 T L3 2 Sl(lg)

P, P (b-1)° b"-3b"+3b-1

pMs S.C.+C
*_—1=—(b+1)- s 0 <0
p," (b+1) (b-1)"((b-2)8.c, +c,)
(20)
Hence, we have the relationships:

pM < p™, pM < p™ | pM < p™ . 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,

2 (-1 ) (b-3p?+3p-1)"
:( j -1

N | b*(b-3) b®—30°

(21)
7Z_MS (b _ l)3b—1

i >1 , this is because

o b (b=3)"

(b_l)Sb—l
—— %7 is decrement function of b. When b tends to
b® (b-3)
MS
infinite, r\“/N tends to the lowest value 1. That is,
m
(b_l)Sb—l

JL[!WZL

7Z'MS (b _ 1)3b—2

mi . S —
Similarly, we have: = — =1. Thus,

7" b**(b-3)

MS
T
>1.

VN
T

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

MS VN MS VN MS VN
case: 7, 27, , Ty 2Ty , Ty 2T
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" > 7™ For the MR-integration channel, the proof is

similar. We do not present here. [_]

From Proposition 1, we can see that, when non-linear
demand function (1) is employed, for the decentralized or the
MR-integrated system, the leader-follower power scenario is
preferred by the supply chain compared with the independent
power scenario. 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[7] SM-S and SM-N cases, the
results are similar with those of MR-S and MR-N cases.
Discussions are omitted here.

With channels of distribution changing rapidly, the

importance of channel selection has been emphasized.
Different channel structures will influence the pricing
decisions and profits for all the supply chain members.
Supply chain members would like to select the channel
structure that could bring larger profits for them. 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
satisfies b > 3.5396.

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:

2 4 7% (b-1)""(2b° - 2b+1)
ﬂ_nl\"/IrR—N = b2 (b — Z)b—l

(22

(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*—2b+1)
b® (b-2)""
method and find out the root, b = 3.5396.

Therefore, 77> + 722> <z¥" N when b>3.5396.

is decrement function of b.

—1. Here, we use bisection

Compare the supplier’s profit in the MS case with that
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in MR-N case: 7" = (b-1)*~ (23)
. ﬂ_sMR—N b2b—1 (b _ 2)b—1 )
MS
It is decrement function of b. When b tends to 3, MSRfN
T

S
tends to the highest value 0.5267. Hence, we have

MS MR-N
T, XTI

Similarly, the entire system of the MS case and that of the

A larger market scale implies a better market
environment, while the degree of benefits for individual
chain members depends on the underlying power structure.
The following propositions summarize the major findings of
the prices and profits as the change of market scale under the
decentralized channel.

PROPOSITION 3 (a). All the channel members will not
change their equilibrium prices as scaling parameter a
changes.

(b). In the MS case, the retailer benefits most from the

Table 1. Results for Stackelberg game and Nash game structure

Decentralized

Semi- integrated

Manufacturer Stackelberg . MR Stackleberg
(MS) Vertical Nash (VN) (MR-9) MR Nash (MR-N)
br bs(é;Cs +Cm) b(éscs +Cm) bz(é;cs +Cm) b(é;cs+cm)
(b-1)° b-3 (b-1)? b-2
b2 (5505 +Cm) (b_l)(ascs +Cm)
P (b—17 P
(b?—b +1)S.c, + b, (b-2)s.c, +c, (b>~b+1)5.c, +bc,, (b-Ddc +c,
Ps 5.(0-1)° 5.(b-3 5. (b-1)? 5,(b-2)
3 b-1 b-1 b-1
- a((b—l)) 3[ b—3j i[ b-2 ]
r 3b-2 b _ b
b o,c,+C, b’ oc, + a(b—l)( (b-1)’ Jbl b° | s.c, +c,
- 2b
i ab-1"( b-1 ) af b-3 V" A
" b* 5.C,+C, b* s.c, + .
al b-2
alb-1°( (b-17 ) af b-3 Y a ((b-12 )" F[ascs Y J
& b d.c +c, bl oc, + b** s.c.+c,
— — — 2 b71 —
T a@ -+ b-1° ) 3af bz ) A& OD 2af b-2 )
(System - — b 50, +¢C,, = —
Profit) b 0,C,+C, b> | 4.¢, +¢ b* | oc,+c,

MR-N case have the following relationship: ™" < MR

This completes the proof of Proposition 2. []

From Proposition 2, we can see that the integration for the
manufacturer and the retailer cannot always maximize the
joints profit even in a monopoly.

The market environment has great influence on the firm
strategies and the performance of the entire supply chain
([13, 15]). The effect of market parameters have been studied
by many empirical works ([7, 14]). They show that market
parameters as a major factor influence the pricing and profits
of the supply chain members. In this subsection, we consider
the effects of the scaling parameter a and price elasticity b in
demand function (1) on the pricing decisions and profits of
the individual chain members under the decentralized
channel structure. The semi-integrated and integrated
channels are not analyzed here since their price and profit
structures are much similar with those of the decentralized
channel. Table 3 and Table 4 summarize the effects of scaling
parameter a and price elasticity b on the equilibrium prices
and profits for the MS and VN cases.

increase of scaling parameter a while the manufacturer
benefits the least. In the VN case, each member has the same
profit increase as the increase of a.

(c). Scaling parameter a has more significant effect on the
MS case than that on the VN case.
Proof. In our decentralized channel, we consider the first
order partial derivatives of price and profit with respect to a.
For the MS case and VN case, we have:

6prMS B apmMS B apSMS

= O ’
oa oa oa
VN VN VN
? 0Py P
oa oa oa
This completes the proof of part (a).
MS MS MS
or, > o, S or,, 0.
oa oa oa
VN VN VN
or,  _om,~ _Om, 0.
oa oa oa

This completes the proof of part (b).
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MS VN MS VN MS VN
or, >87zr or, >67zm or, >87rs

oa oa oa oa oa oa

aﬂ_MS N aﬂ_VN

oa oa

This completes the proof of part (c). [ ]

Price sensitivity is fundamental to many important
aspects of retail policy, such as pricing, promotions ([6]). We
then consider the influence of price elasticity b on the
equilibrium prices and profits for the MS and VN cases.
Firstly, take the first order partial derivatives of profits with
respect to b, for the MS case, we have:

aferS _ a (b—]-)3 A MS

ob  bP?lsc +c, '
o, ab-1?( b-1 biAMS
ob b* s, +c, "
on M B a(b-1"( (b-1)? AMS
ob b** | o, +c, ;

where

1) 2

AS = (3|n (1_Bj+g+(b—1)(5scs +Cp )J
Amm::(3m(1_%j+633+(b—n(icg+%0j

AN = 3m(1_1j+_§£i£+(b-g(@g+cm)
b) b(b-1)

For the VN case:
o™ _ or, ™ _ orx™ _ a(

b - 3 o VN
. A
ob ob b b’loc +c,
where

PROPOSITION 4. (a) Anincreased price elasticity b results
in the reduced equilibrium price for each supply chain
member; the reduction of the retail price is larger than that of
the wholesale price.

(b). In the MS case, if b satisfies ArMS >0 > the profit
for each supply chain member increases as price elasticity b
increases; If ASMS <0, no one could benefit from an

increased b. In the VN case, if A™ >0, the increase of
price elasticity b will benefit all the supply chain members;
otherwise, all may lose.

This proposition suggests that when the market demand
becomes more sensitive to the retail price, all the supply
chain members will reduce their equilibrium prices and the
retailer has a more price reduction than the manufacturer.
Meanwhile, the change of the profits of the individual chain
members depends on the value of price elasticity b.
Proposition 4(b) presents the distinguish conditions for the
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variation tendency of the chain members’ profits with the
changing of price elasticity b.

VI. CONCLUSION

This paper extends the growing literature of channel
studies by analyzing pricing strategies for a three-level
supply chain consisting of supplier, manufacturer and
retailer. Three different channel structures are considered.
They are the decentralized channel, the semi-integrated
channel and the integrated channel. Two non-cooperative
games are used to model different power structures for the
first two channel structures, i.e., Stackelberg and Nash
games. We also investigate the effects of power structures,
channel structures and market parameters on the pricing
decisions and profits for channel members. Our results show
that when the manufacturer or the integrated members take
the leadership of the supply chain for either decentralized or
semi-integrated channel, the equilibrium prices are lower and
profits are higher compared with the channel without such
leadership. Our results also provide fresh new insights into
vertical integration. In MR-integration channel, the
integration of the manufacturer and the retailer cannot
provide larger profits for them or the other channel member
unless the price elastic b is no less than a certain level
(3.5396). In general, the integration for the manufacturer and
the retailer cannot always improve their profits in a
monopoly when a multi-level channel is considered.
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