/
o Reennes
0.00 Publishing

Journal of Service Science and Management, 2017, 10, 309-318
http://www.scirp.org/journal/jssm

ISSN Online: 1940-9907

ISSN Print: 1940-9893

Coordination of Supply Chain under the
Revenue Sharing-Advertising Cost
Sharing Contract

Meng Jia

Management School, Jinan University, Guangzhou, China

Email: 402768736@qq.com

How to cite this paper: Jia, M. (2017)
Coordination of Supply Chain under the
Revenue Sharing-Advertising Cost Sharing
Contract. Journal of Service Science and
Management, 10, 309-318.
https://doi.org/10.4236/jssm.2017.103024

Received: May 12, 2017
Accepted: June 20, 2017
Published: June 23, 2017

Copyright © 2017 by author and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

In this article, we study a two-echelon supply chain with a single manufactur-
er and a single retailer. In the case of advertising investment affecting the
market demand, we use the theory of game theory, and respectively discuss
the coordination of general revenue sharing contract and revenue sharing-
advertising cost sharing contract. The results show that: the general revenue
sharing contract cannot achieve supply chain coordination. However, revenue
sharing-advertising cost sharing contract in a specific form can achieve supply
chain coordination. And in the appropriate revenue sharing contract parame-
ters, it can also achieve a win-win situation between the two sides.

Keywords

Supply Chain Coordination, Revenue Sharing Contract, Advertising
Investment, Cost Sharing

1. Introduction

The revenue sharing contract, which coordinates the cooperation among supply
chain members, has become one of the important directions of supply chain
management research. The revenue sharing contract refers to the manufacturer
and the retailer through negotiation; the manufacturer sets a lower wholesale
price for selling the products to the retailer, then the retailer will share the sales
revenue to the manufacturer according to the predetermined proportion after
the completion of the sale. The revenue sharing contract is helpful to realize the
coordination and the whole optimization of supply chain members. The suc-
cessful application of revenue sharing contracts in the CD industry in the USA
has attracted more and more scholars’ attention to revenue sharing contracts.

Mortimer (2000) makes an empirical study on the recording rental industry. The
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results show that the revenue sharing contract can increase the profit of the node
enterprises in the supply chain by 3% - 6% [1]. The study of revenue sharing
contract is no longer limited to descriptive research, but extended to the general
supply chain for more theoretical research. Cachon (2001) first studied the rev-
enue sharing contract using mathematical modeling, and thought that revenue
sharing contract was an improvement to the wholesale price contract, and it
could coordinate the supply chain more effectively [2]. In recent years, more and
more researches about the revenue sharing contract have proved that the reve-
nue sharing contract can realize coordination of supply chain [3]-[8]. However,
most of these researches don’t consider the simultaneous influence of retailers’
advertising and price on demand. In practice, advertising, as an effective and
common marketing tool, can provide consumers with purchasing information,
and can increase product brand effect, stimulate consumer purchasing behavior
and tap potential consumers [9]. Therefore, as advertising investment is an im-
portant factor of affecting demand, it is necessary to consider advertising in-
vestment in the study.

Here the paper considers the case of the retailer’s advertising investment, es-
tablishes an effective revenue sharing contract, realizes the supply chain coordi-
nation, and makes optimal advertising cost and optimal price.

The paper proceeds as follows: the next section presents the assumptions and
the basic symbol definitions. Then three models are discussed. One is a coopera-
tive relationship model, next is a general revenue sharing contract model, and
the last one is a revenue sharing-advertising cost sharing contract model. The
main results are analyzed and compared, followed by the discussion of contrac-

tual conditions problem. Finally, the conclusion summarizes the findings.

2. Assumptions and the Basic Symbol Definitions

In order to facilitate the modeling and analysis, we consider a two-echelon
supply chain with a single manufacturer (M) and a single retailer (R). In the
supply chain, the manufacturer produces the products, then the retailer pur-
chases them, and the retailer sells to consumers. Assume that both the manufac-
turer and the retailer are risk neutral, and the information between them is
completely symmetric. The retailer is advertising to influence market demand
and then determines the amount of products ordered. The manufacturer pro-
duces the product according to the retailer’s order requirements. Assume that
the manufacturer’s capacity meets the retailer’s order requirements, so there is
the quantity demanded equal to the production output.

The basic symbol definitions as follows:

W, he manufacturer’s wholesale price;

¢, the manufacturer’s unit production cost, ¢>0 :

P, the retailer’s retail price;

a, the retailer’s advertising cost;

t, the manufacturer’s participation rate, 0<t<1.

k , the efficacy of the retailer’s advertising in generating sales, k>0.
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a , the sales saturate asymptote, o >0.
f» the efficacy of the retailer’s retail price in generating sales, >0

A, the retailer’s revenue sharing ratio, 0<A<1
The paper assumes that the quantity demanded is influenced by the retailer’s
retail price and advertising cost [10] [11]. Setting the demand function [12] as

D :(a—ﬂp)k\/a , in order to ensure >0, we need to restrict 0< p <%.

The profits of the manufacturer, the retailer and the system are as follows, re-

spectively:
7rm=(W—C)(a—ﬁp)k\/5—ta (1)
ﬂ,:(p—w)(a—ﬁp)k«/a—(l—t)a (2)
Toner =(P—C)(a-pp)kVa-a (3)

3. The Cooperative Relationship Model

In this section, we focus on a cooperative game structure in which both the
manufacturer and the retailer agree to make decisions that maximize the total
channel profits (joint profit maximization).

The system profits are described by Equation (3) and depend only on p and a.
We hence have the following optimization problem:

max 7, =(p-c)(a-fAp)kJa-a
This problem can easily be solved by equating the two partial derivatives to
0 0
zero. Specifically, by taking % =0 and % =0, we have the unique solu-
p a

tion expressed as

C*_OH—,BC

25 4)
oC = k*(a - Bc) 5)
645

Therefore, the optimal profits for the whole system can be calculated as

c k? (a —ﬂc)4

T =
m+r 64ﬁ2

The supply chain coordination is to make the optimal solution of each mem-
ber of supply chain consistent with the decision under the centralized supply
chain, and maximize the total channel profits. Therefore, Equation (4) and Equ-

ation (5) are necessary conditions to achieve the supply chain coordination.

4. The General Revenue Sharing Contract Model

In this section, the retailer determines the amount of products ordered accord-
ing to the market demand, and then purchases products at a lower wholesale
price from the manufacturer. After the completion of the sale, the retailer will

share the sales revenue to the manufacturer according to 1-A4 the predeter-
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mined proportion. We model the relationship between the manufacturer and the
retailer, with the manufacturer as the leader and the retailer as the follower. The
solution of this leader-follower game is called the Stackelberg manufacturer
equilibrium. In order to determine the Stackelberg equilibrium by backward in-
duction, we first solve the retailer’s optimal problem when the manufacturer’s

decision variables w and A are given:
max r, =(ﬂp—w)(a—ﬁp)k«/5—a

Since 7, is a concave function with respect to p and a, we can solve the

0 0
two first order equations a—”’ =0 and a—”’ =0 to get the optimal values:

p a
p* = —Mz;f - (6)
aov K (eA— ) %
6412

Next, the optimal values of w and A are determined by maximizing the
manufacturer’s optimal problem subject to the constraints imposed by Equation
(6) and Equation (7). That is,

max 7, =[(1-A) p+w—c|(a—Bp)ka

Substituting Equation (6) and Equation (7) into the expression of 7,,, then by

or

0
taking Pn 0 and Lm0 , we have
ow oA

~ B6fc-a
WSN:ﬂ

& (8)
SN” _1
A7 = 3 (9)

Substituting Equation (8) and Equation (9) into the expression of p and a,
we have
pSN* _2a+3pc
Sp
o _ 9 (a—po)
25003°

Hence, the optimal profits of the manufacturer, the retailer and the system are

as follows, respectively:

o 9K (a—pc)’

T =
12504°
o _ 9K (a- pe)’
' 25003°

o _ 27K (a = pe)’

7Z.ITH~T
25003°
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Proposition 1

When the manufacturer don’t share the retailer’s advertising costs, the general
revenue sharing contract can’t achieve supply chain coordination.

Proof of Proposition 1.

Equation (4) and Equation (5) are necessary conditions to achieve the supply
chain coordination. So we will compare pC* and pSN* , a and a®. The
a+fc 2a+3fc k(e - pc)’ N 9k? (e — pc)’

> . Then in this
56 64, 25008

results are

paper we have pc* > pSN* and a° >a® . Thus the manufacturer don’t share
the retailer’s advertising costs, the general revenue sharing contract can’t achieve
supply chain coordination.

In the general revenue sharing contract model, the retailer alone undertakes
the advertising costs in the supply chain, but it only gains a portion of the profits
of the supply chain system. Therefore, the retailer’s advertising cost must be
lower than the optimal advertising cost of the cooperative relationship model. In
order to reduce the pressure of the retailer’s advertising investment and increase
the retailer’s advertising cost, this paper then considers a revenue sharing con-

tract based on advertising cost sharing.

5. The Revenue Sharing-Advertising cost Sharing Contract
Model

5.1. The Analyses of the Model

In this section, the retailer determines the amount of products ordered accord-
ing to the market demand, and then purchases products at a lower wholesale
price from the manufacturer. And the manufacturer agrees to pay the retailer to
subsidize the advertising cost (t the manufacturer’s participation rate). After the
completion of the sale, the retailer will share the sales revenue to the manufac-
turer according to 1- A the predetermined proportion. We model the rela-
tionship between the manufacturer and the retailer, with the manufacturer as the
leader and the retailer as the follower. The solution of this leader-follower game
is called the Stackelberg manufacturer equilibrium. In order to determine the
Stackelberg equilibrium by backward induction, we first solve the retailer’s op-

timal problem when the manufacturer’s decision variables w and t are given:
max z, =(Ap-w)(a-Ap)kJa—(1-t)a

The purpose of the revenue sharing-advertising cost sharing contract is to
achieve supply chain coordination. Equation (4) and Equation (5) are necessary
conditions to achieve the supply chain coordination. So in the model, we make
the retailer’s optimal retail price and advertising cost equal to the optimal solu-

tion of the cooperative relationship model. Thatis p% =p® and a® =a° .
Since =, is a concave function with respect to p and a, we can solve the

0 0
two first order equations aﬂr =0 and 872 =0 to get the optimal values:
P
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pSY* _al+ pw
24
AN = k(a2 - pw)’
64(1-t)" 2242
al+pwW _a+fc
2 28

Therefore, we can calculate w as

When p% =p° , we have

w=AC (10)

Equation (10) shows that in the revenue sharing-advertising cost sharing con-
tract model, the manufacturer’s wholesale price (W) is equal to AC.

Proposition 2

In the revenue sharing-advertising cost sharing contract model, the retailer’s
revenue sharing ratio has an impact on the wholesale price, and there is a direct
proportion between them.

Proof of Proposition 2.
This problem can be easily solved by the partial derivatives of Equation (10),

ow
then 8_/120' Because of €>0, there is a direct proportion between w and

C. As the retailer’s revenue sharing ratio increases, the manufacturer must raise
its wholesale price in order to compensate for its losses. It can be seen that if the
retailer don’t make concessions on its revenue sharing ratio, it will not get the
desired wholesale price.
Substituting Equation (10) into the expression of a, we have
2 4 52
AN _ k*(a—pc) 2
64(1-t)*
kK?(a-pc)' 22 K*(a-pc)
64(1-t)’ B2 645

Therefore, we can calculate tas

When a% =a°® , we have

t=1-1 (11)

Proposition 3

In the revenue sharing-advertising cost sharing contract model, the retailer’s
revenue sharing ratio has an impact on the manufacturer’s participation rate,
and the manufacturer’s participation rate decreases monotonically with the re-
tailer’s revenue sharing ratio increasing.

Proof of Proposition 3.
This problem can be easily solved by the partial derivatives of Equation (11),

ow
then - C. Because of —1>0, ¢ decreases monotonically with A increasing.

As the retailer’s revenue sharing ratio increases, the manufacturer must reduce
its participation rate in order to compensate for its losses. It can be seen that if
the retailer don’t make concessions on its revenue sharing ratio, it will not get

the desired wholesale price. On the contrary, in order to achieve higher sales
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revenue return, the manufacturer will undertake higher proportion of the retail-
ers’ advertising costs.
Hence, the optimal profits of the manufacturer, the retailer and the system are

as follows, respectively:

o _Ki(a-pe)’(2-22-1)

" 64/
o _ K (a—pe) (24+t-1)
' 64/
o K {a=pe)
m+r 64ﬁ2

Proposition 4

In the revenue sharing-advertising cost sharing contract model, when
wW=AC and t=1-1, the optimal total channel profits of the model is equal
to the optimal total channel profits of the cooperative relationship model. The
revenue sharing-advertising cost sharing contract can achieve supply chain
coordination.

Proof of Proposition 4.

Analyze the results of the model, we have the following observations. When

2p

w=ACc and t=1-4, we can get the results of the model, p and

. K2 (a- pe) . o .
a® :(—Zﬁ). So we will compare p® and p* , a® and a® . The
64/
results are p*' =p° and a% =a° . Here, the revenue sharing-advertising

cost sharing contract can achieve supply chain coordination.

5.2. The Contractual Conditions of the Model

According to the Pareto optimization principle of the supply chain, if the mem-
bers accept revenue sharing-advertising cost sharing contract, they must meet
the individual rational constraints. Hence we will consider the relationship be-
tween the manufacturer and the retailer as a sequential non-cooperative game,
where the manufacturer is the leader and the retailer is the follower. The solu-
tion of this leader-follower game is called the Stackelberg manufacturer equili-
brium. In order to determine the Stackelberg equilibrium by backward induc-
tion, we first solve the retailer’s optimal problem when the manufacturer’s deci-

sion variables w and t are given:
max 7, :(p—w)(a—ﬂp)kx/a—(l—t)a

Since =, is a concave function with respect to p and a, we can solve the

or, on,
two first order equations 5 -=0 and =0 to get the optimal values:
a

p
s a+pw

25 (12)
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a® :_kz (a-pw)'

13
64(1-t)* 1)

Next, the optimal values of wand ¢ are determined by maximizing the manu-
facturer’s optimal problem subject to the constraints imposed by Equation (12)
and Equation (13). That is,

max 7z, = (w—c)(a - #p)kva -ta

Substituting Equation (12) and Equation (13) into the expression of 7z, , then

by taking % =0 and 66% =0, we have

. 2
ws :Lﬁc (14)
3p
=1
ts == 15
3 (15)
Substituting Equation (14) and Equation (15) into the expression of p and
a, we have
s 2a+fic
3p
4
as = k* (e - pc)
144 3°
Hence, the optimal profits of the manufacturer, the retailer are as follows, re-
spectively:
2= k* ( _ﬁc)4
" 1443
25 = k*(a —ﬁc)4
' 2163°

If the members accept revenue sharing-advertising cost sharing contract, they
must meet the individual rational constraints. Thatis 7>’ >7z> and 7> >z’ .
Hence, we have
k?(a-pc) (22+t-1) _ k*(a-pc)’
(o= pe)! (22:14-1) (- )
64/ 144

k?(a—pe)' (24 +t-1) K (a-pe)’
64° - 21647

Because of Equation (11), we can calculate the range of A4
8 ;<3
27 9

Hence, the range of the optimal profits of the manufacturer and the retailer
are as follows, respectively:
4 4
o5 e k?(a-pc)" 19k*(a - pc)
" 1448 378p°
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s k?(a-pc)' 5k*(a-pe)’
' 216> ' 576p°

Proposition 5
In the revenue sharing-advertising cost sharing contract model, when w=Ac
and t=1-1, it can achieve supply chain coordination. And then when

5
—< A< 3’ the members accept the contract, the form of the contract is valid,

27
otherwise the contract form is invalid.

Proof of Proposition 5.

Analyze the contractual conditions of the model, we have the following ob-
servations. From proposition 4, we know that when w=AC and t=1-1, the

revenue sharing-advertising cost sharing contract can achieve supply chain coor-

* *

8 5 »
dination. And then when — <A<=, we can compare 7. and 7> , 7'
27 9

and 77 .Theresultsare 7o' >7z> and 7' >7x° .So the members meet the
individual rational constraints , and then they wilk accept revenue sharing-ad-

vertising cost sharing contract.

6. Concluding Remarks

This paper analyzes pricing, advertising and coordination problems of the
supply chain with a single manufacturer and a single retailer. The results show
that when the manufacturer doesn’t share the retailer’s advertising costs, the
general revenue sharing contract can’t achieve supply chain coordination. In the
revenue sharing-advertising cost sharing contract model, when W=AC and
t=1-1, the optimal total channel profits of the model are equal to the optimal
total channel profits of the cooperative relationship model. And then when

— <A< 5 , the manufacturer and the retailer meet the individual rational con-

27
straints and accept the contract. Thus the revenue sharing-advertising cost shar-
ing contract in the specific form can achieve supply chain coordination.

Our study makes the following contributions to the channel coordination li-
terature:

1) We add to the scanty literature of game theoretical models that simulta-
neously optimize pricing and advertising decisions.

2) Most previous studies don’t consider the coordination instrument with

pricing and advertising. We find that when pricing and advertising are consi-

8 5
dered simultaneously, in the specific form Eﬁ/lﬁg, the revenue sharing-

advertising cost sharing contract can achieve supply chain coordination.

Our model has some limitations. First, we use the linear demand-price func-
tion. As Choi (1991) has found, different demand-price functions may yield
significantly different results and implications. Second, we only consider a two-
echelon supply chain with a single manufacturer and a single retailer. Besides,

we only consider the retailer’s advertising costs, but don’t consider the manu-
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facturer’s advertising costs. In the future, we can extend the channel structure to
settings with multiple retailers or multiple manufacturers and explore the di-
mensions of channel studies such as price competition and product differentia-

tion.
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