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Impact of Product Competition and Power
Structure on Pricing Strategy in Dual-
channel Supply Chain

Shujuan Li
School of Economics and Management
Wuhan Sports University
Wuhan, China

Abstract: The pricing strategy under the interaction of cotitipen and power structure in dual-channel
supply chain is studied two-level dual-channel supply chain model wasstarcted, in whicthe manufacturer
has a direct channel to sell products directly ustemers. Optimal pricing strategies under thréferaint
power structures (Nash equilibrium, Manufacturexcgelberg, Retailer Stackelberg) in non-competitita-
ation were discussed. Product pricing policiesampetition environment were analyzed. Results skiaat:
compared to Nash equilibrium making decision siamdbusly, the leader of Stackelberg game takeadhe
vantage of first-move and makes more profits tmaNash equilibrium; as market competition intemsifithe
optimal prices will gradually decrease in competitenvironment. Numerical examples are given togama
the strategies in non-competition and competitituation and demonstrate the effectiveness of eglegon-

clusions.

Keywords: dual-channel; supply chain; Stackelberg game; peivacture

1. Introduction

in case of demand disruptions are investigated tgnig
et al [7].

The rapid development of Internet changes the way \iin the growing power of retailers, retailers play

people living and also has a significant impactbannel
sales pattern at the same time. Many manufactders
pend not only on traditional retailers to sell prots, but
also on network sales channel directly to customers
Extensive literature studies on introducing onlgades

channel of manufacturer. Chiang et al point outt tha
manufacturers can increase their own profits thinoug

opening up direct marketing channels [1]. Furtheamo
Tsay and Agrawal discuss the channel conflict issoe

dual channel supply chain. Conclusions show that re

sonable pricing strategies can achieve a win-viiraion
between manufacturer and retailer [2]. Boyaci aredy
coordination contracts and suggests that majofitthe
existing traditional coordination methods can't saéta-
ble to the occasion of dual channel, and proposeslp
ties contract and compensation-trust contractf8}ata

considers price subsidies strategy when brand cttmpe

tion and channel competition coexist so that aftipa
benefit from the game [4].Liu et al explore joittategy
of production and pricing under information asymmyet

[5]. Chiang takes customer preference and changel d

mand transfer caused by inventory shortage intowattc

and designs a combination mechanism of sharinghinve

tory holding costs and direct channel revenue turdie
nate the dual-channel supply chain [6]. Pricingtegies

increasingly important role in channel strategymee
times in a leadership position [8].Therefore, itisces-
sary to study the pricing problem from the perspeabf
comparative power between manufacturer and retailer
practice, there are three possible channel powec-st
tures, i.e. Nash equilibrium, manufacturer Stackejb
and retailer Stackelberg [9]. Parts of the studgngre
the pricing strategies of different power strucsuire pre-
vious work on dual channel supply chain. Cai ears-
lyze price discounts strategy under three poweictires
in dual-channel supply chain. Results show the dani
party in power structure has certain advantagel fL.Q
the study focuses on a single complete monopolgumo
without competition. If product competition is fogr in
market, pricing strategy will be influenced by dtmb
effect of product competition and power structuaad
hypothesis of existing research will not be fulfypica-
ble.

Therefore, this paper extends the above literatleted
to dual-channel supply chain by addressing prodoict-
petition and power structure, discusses the pristrafe-
gy in different situation, and explores the impaictom-
petition and power structure on pricing stratedye Test
of the paper is organized as follows. Section @ahices
the model. Section 3 analyzes the industry equilibrin
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three different power structures; while in Sectignwe
explore settings and equilibrium with productionmpee-
tition. The numerical study of product competitiand
power structure effects are then presented in @e&i
We conclude the paper in Section 6.

2. Model

In a supply chain consisting of a manufacturer and-
tailer, assuming that the total market demand fands

a linear down sloping, given & =s(1-4p) .Let s
denote the market demand for products, ghdienote
the price elasticity factor of market. When mantdeer

opens up network sales, demand functions of network pm* =

marketing channeD, and traditional channeD, are
given as:
= (L-u)s(+ ‘%";)

pr represents the retail channel price, while gulegents
direct channel price. u represents initial marltetrs of
traditional retail channelp<u<l,0<6<1).1-u

represents the initial market share of direct sathesinel.

@ represents price sensitivity coefficient and reifiethe
alternative of two channels. u reflects the absotlitfer-

ence of demand@reflects the alternative of two chan-

nels. The combination of u ar@ can well describe cus-
tomer preference and difference of two channelslew
notes wholesale price, and ¢ denotes the costoafupr
tion.

The objective profit function of retailer is gively:

— US(l ﬁpr + B0y ﬂt‘ipd )(pr W)
The objective profit function of manufacture is gjivby:

7y = (A-U)s(+ 22 - 22)(p, ~c)

+(W C)US(l ﬂpr + ﬁgpd)

In order to utilize the above model, it's nex@y to
impose additional inequality constraints on theapae-
ters DWB<1@ & <u <% [11] to guarantee that

channel demands are greater than zero and demaad fu
tions are decreasing.

3. Pricing Strategies in Different Power
Structures Without Product Competition

We discuss three different kinds of power strucure.
Nash equilibrium, manufacturer Stackelberg and iReta
Stackelberg respectively. In Nash equilibrium, nfaou
turer and retailer make their pricing strategiethatsame
time; neither can use the other's reaction function
manufacturer Stackelberg game, manufacturer clreuti
the retailer's reaction function as part of itatglgy to set
optimal direct channel price. In retailer Stackedpbgame,

retailer can take advantage of manufacturer's iceact
function to set the retailer's income level and enaght
decision.

(1) Nash equilibrium

Manufacturer and retailer determine their strategie
multaneously; manufacturer establishes direct sales
channel price, retailer establishes his retailerit can

be proved thatT, is a concave function of pr ant, is

concave with respect to pd. The optimal pricestfar
direct channel and the retailer channel are giwen(®
superscript * indicates the optimal value, and $hib-
script n represents the Nash Equilibrium):
2(LrWB I+ (cB-1-8)0+u (FcB B (38 Fwp ¢ 262 ¥ 2))
(-L+u)(-4+6)p

¥ 2(+cB)r(WB-1-8)0+u (2= B (6 ¥6 (*wp+8))
Pan = (-1+u)(-4+6%)B
(2) Manufacturer Stackelberg
Manufacturer is more powerful than retailer in thane.
As a leader, manufacturer determines direct chgmcs
first, then retailer determines retail channel @ras a

follower. Solving the first order condition @, we

1+wp—-6+B6py

havep, = 25
Substituting the pr into manufacturer’'s profit ftiog,
we get:

S(-u(C-w)(~L+WB+6-BOpy )= (=T+u)(c=py )(2+ - BwB-6 )9+ 267 )py )
2(-1+6)

= (s(-u(c-w)(-1+wB+6- B6p,)
~(-1+u)(c— py )2+ L+ wWB -0+ S (-2+6°)p,)) 1 26 - 1)
7T, is a concave function with respect to pd, so the op

timal solutions of Manufacturer Stackelberg are @hb-
script m denotes Manufacturer Stackelberg):

iy =

* 1+cﬁ G(-1+u-cuB+wp)
Pam =25 2B(U-1)(6°-2)
p * _ (CI+eB)8 _ (B+wpB) _ (3rwp+u (-3rch- B )P’ 3)
rm 4 (€*-2)8 (6*-2)(-1+u)B

Retailer Stackelberg

In Retailer Stackelberg, retailer is more powerf\s. a
dominant player in the game, retailer first detewsi
retail channel price, then manufacturer sets dkatnel

price. Solving the first order condition @f, , we

LB HPr ud(cp-wp-1)

25 T2 Vo

By substituting pd intdZ, , we can obtain the utility
function of retailer:

su(w-p; )(2+(-1+cf-6)0+u (- 2+6 (- O+wpBE6-cB (10 )y  Hu B € 26° P )
2(1-u)(-1+6)

havep, =

T, =
7T, is a concave function of pr, so optimal solutioris o

retailer Stackelberg are given as follows(the stpsc
denotes Retailer Stackelberg):
D —wg u(w-c) B6%—(~1+u)(-1+cB3)8

r 2B 2(-1+u)(-2+6% )8
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* — Lof | 2u(-cB)F+ 2B~ 1P+ (bu)(ECB B 6130 w-c B 6°- 2 )

Pe =25

(1) In three cases, the optimal prices of retadrotel are —
met the conditions?g—[l >0, % <0. The higher the

initial market share of retail channel is, the legthe
retail channel price is. The higher the price &agtfac-

4(-1+u)B (-2+6%)
Following properties are obtained by comparing dpe -
timal prices under different power structures:

tor of market is, the lower the retail channel giig.

(2)For A=

2+0
2w—ch+2wh—-ch? +wh?

92

T (2+6)(w-c)+c8?
((2-6%)(1-cB)+ (WB-1)8)

2+

, B=

T 2wB(2-67 -0 (8- 2+6° yrcB (0 ) 4 D+6? )

X = -2+6-c0+6%-wB(6°-2)
2(WB-1)-(cf-1)0 (#8) °
der different power structures have the followirgdar

tionships, as shown in Table 1.
Table 1. Comparison of Optimal Retail Price under Diferent Power Structures

~ 4w-2c+3wH- 26 °

’

the optimal retail prices un-

Scope ofﬂ Condition Scope ofU Relationship
£0(0,C] P <P <Py
BU(C,B] and u D[%,Y] prn* S prm’Y < prr*

and u D(YllTlg] prm* < prn* < prr*
BO(B, A P <P S Py
BO(AL and ul[%. X] P <Py <Py
and u D(X)ﬁ] prm* < prn* < prr*

Table 2. Comparison of optimal direct price under dfferent power structures

Scope of3 Condition Scope ofU Relationship
BU(0,E] Pa < Ps < Pan
BO(EC] | and | uO[%.Z] | Py <Py < Pun
and | UO(Z,55] | P < Pan <Py
BOCD] | aa | ublz%.Z] | Py, <Py < Py
and | UD(ZY] | Py < Pay <Py
and | UO(Y.gg] | Pyn <Pin <Py
BOMD.B] | aa | uO[%Y] | Py <Py <Py
and | UO(Y,g5] | Pom <P <Py
BU(B, Al Pan < Pan < Par
BO(A; and | UO[%, X] | Py <Py <Py
and | UO(X,55] | Pom <P <Py
As can be seen from Table 1, the optimal retadgsriin @For D=t , E= 2<g+1>(ff_ —F

different power structures are influenced by magkeate
elasticity factor and market share of retail charvithen
the market price elasticity factor is small andhia range
of (0, C], the optimal retail price in Nash equilibm is
smallest. When the market price elasticity factogrieat
and in the range of (B, 1/w], optimal retail prioeManu-
facturer Stackelberg is smallest. When the markieep
elasticity factor is in the range of (C, B], thetiomal re-
tail price depends on the retail channel marketesha

7 = 9(1-cf+(wp-1)8)

2wpB+6(1-6 y+cpB (1+6)(@- 2) ’

- 8((2-6)(1=cB )+ WB-1)0)

2w (2-6°)-6 (6-2+6° yrc B (16 )~ 4 D+62 )
of A, B, C are defined above. Optimal direct chdnne
prices under different power structures have differ
relationships in different range, as shown in Table
Similar to optimal retail price, the optimal diregtice
also depends on market price elasticity factor madket

, and the values
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share of retail channel. When the market pricetielgs
factor is small and in the range of (0, C], theiropt di-
rect price in Nash equilibrium is smallest. Whea thar-
ket price elasticity factor is great and in thegaof (B,
1/w], optimal direct channel price under manufaetur
Stackelberg is smallest. When the market priceieitys
factor is in the range of (C, B], the optimal direbannel
price depends on the retail channel market share.

4) ITMn* < ITMm* \ ITRn* < ITR: . In Manufacturer Stack-

elberg case, the manufacturer's profit is more tien
situation of Nash equilibrium. Similarly, the rdeais
profit in Retailer Stackelberg case is more thanditua-
tion of Nash equilibrium. With respect to Nash digui
brium which making decision simultaneously, Stackel
berg game's dominant party has first-mover advantag

4. Pricing Strategy with Product Competi-
tion

When homogeneous products exist in the market, manu
facturer and retailer face competition of substitptod-
uct. The substitute product supply chain is angirated
supply chain. In substitute product supply chaianm
facturer maximizes profits according to the whalpy
chain and determines the prices of substitute fmtop2.
Part of market demands will be transferred becaise
market competition, assuming the transfer ratio
is pand0 < p <1.The greatep is, the greater impact
on original product is, the more competitive in tharket

is. According to literature [12], demands of origin
product in direct channel and retail channel arnged
and given by:

el — AV BPy BO28)ps , FB(2-6)p
D, =us(1- P)1~ whyaay * 2woree T zEeEs )

- AP, BE(2-6,)p, £6,(2-6)p
Dy =A-W)s- p)1~ gy * swarce) * 26oae,
Demand function of substitute product is:

a1 5P, 82-6,)p, ., f8,(2-6)p4
D, = oIl ~ oy * 2weaie) T 2666,

6’1 denotes the cross price elasticity between subsstit
product price and original product retail channgtqy
while 02 means cross price elasticity between substitute

product price and original product direct chanmelg
Profit functions of retailer and manufacturer ingoral
product supply chain are:

niR = Dr ( pr - W)

= us(l- P)[L- ey + Saavee)
oy = Dd(pd _C)+(W_C)Dr
= (1-u)s(l- p)[1- 22

(1-6)(1-6,)

B6,(2-6) p,
2(£0 (&6,

(P —w)

BE(2-6,)p,
2(00)(x6,

£6,(2-6)
0 )(}epz2 )]( Py —C)

_ N BB BO(2-6)ps , F6,(2-0)p
+Hw-c)us(l- P)1- gy + 2maea) t 26oEs )

Total expected profit function of substitute supphain
is:

)+

T, = Dz( P, -~ Cz)

6, (2-6. 6, (2-6,
= oL~ gyeay + Seainen 2t e ) (P2 ~C)
c2 is the production cost of substitute produatscdm-
petitive environment, original product and sub$titu
product compete with Nash Game. Assume the optimal
retail price of original product is pr** in compgtie en-
vironment, the optimal direct channel price is pdttie
optimal price of substitute product is p2**.

Theorem 1 If
4 -6(2-8)  -6,(2-6)

H = _9(2_92)(1_91) 4(1_91) _92 (2_8)(1_81)
__91(2_92) -06,(2-6,) 4 |
I 2lA-6)1-6)+wp]

K =|2(1-6)(1-6)(1- 6, )+ 29818 1 314 )
i 2[(L-6)2-6,)+c,B]

, thenp** =

From Theorem 1 we can see that in our settingsnwhe
there is product competition, optimal pricing st is
not affected by the ratio of market share, butelipse-
lated to price cross elasticity; the ratio of markkare
determines profits of supply chain competitors.

5. Numerical Study

In this section, using several numerical experisewe
illustrate some relate issues about pricing stsateih
product competition and power structure in dualrcted
supply chain. letw=2 , =01, c=1,

6=0.3, s=100.

(1) In the case without competition, the impactettil
channel market share u on optimal values undeereifit
power structures is explored. Becade 0.3, u must
range in [0.23, 0.77]. We change the value of whim
range of [0.3, 0.7] taking 0.05 as steps of catauta The
optimal retail prices, direct channel prices, thefits of
retailer and manufacturer under three different grow
structures are shown in Table 3.

As can be seen from Table 3, optimal retail chapniet
es in three power structures increase as the sereh

retail market share. It's accordance W%— >0. The
optimal direct prices increase as retail marketeshia
creases. Retailer's profits increase as the ine@astail
market share, but the manufacturer profits redacel,
ﬂMn <7TMm ’ ﬂRn S77-Rr .

(2) In the case without competition, the impactsébf
and u together on both sides of the supply chanear
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amined. In this paper, the market share and chamnel changes in steps of 0.1 and determines the rangeiof

tailer price elasticity factor reflects the neediswstomer [-Z;,-L:] . Figurel shows influence trends of manufac-
choice. Take Nash equilibrium as example, profits o 1o 10
manufacturer and retailer are discussed when u an

Hchange at the same time. In the range of [0.1,89],

dturer’s and retailer’s profit in Nash equilibriumhen
@ and u change together.

Table 3. Impact of u on optimal value in different pwer structures

Nash Equilibrium Manufacturer Stackelberg Retailer Stackelberg

u prn* pdn* TIRN* TIMn* prm* pdm* TIRm* TIMm* prr* pdr* TIRr* TIMr*

0.30 | 5.227 | 4.848 44.637 156.983 5.236/ 4.905 44.873 157.014 5.303 4.860 44.660 157.536

0.35 | 5.229 | 4.865 52.158 149.080 5.237] 4.914 52.394 149.101 5.306 4.877 52.185 149.520

0.40 | 5.233 | 4.885 59.718 141.177 5.239 4.924 59.935 141.190 5.309 4.896 59.749 141.504

0.45 | 5.236 | 4.908 67.327 133.275 5.240 4.936 67.501 133.281 5.3120 4.920 67.363 133.488

0.50 | 5.240 | 4.936 75.002 125.373 5.243 4.950 75.100 125.374 5.317] 4.948 75.042 125.472

0.55 | 5.246 | 4.970 82.763 117.471 5.245 4.968 82.744 117.471 5.322] 4.982 82.807 117.456

0.60 | 5.252 | 5.013 90.643 109.569 5.248 4.990 90.448 109.572 5.329 5.024 90.691 109.440

0.65 | 5.260 | 5.068 98.693 101.668 5.253 5.018 98.240 101.68 5.337] 5.079 98.746 101.424

0.70 | 5.271 | 5.141 | 107.001 93.768 5.258 5.055 | 106.162 93.798 5.348 5.152 | 107.058 93.408

4.4
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Figure 1. Optimal Manufacturer's and Retailer’s Profits 3 0m 04 0#E 05 0= 05 0@ 07
u

when &and u Change (Nash Equilibrium) Figure 2. Impact of Product Competition on Pricing

Whenu =0.7, @is in a range of [0.1,0.4]. It can be Strategy of Supply Chain
seen from Figure 1, in Nash equilibrium, the retsl L

profit decreases af increases, while the manufacturer's L S =
profit increases a¥? increases. Wheru=0.5, it sl ..... _— n:;
means intense competition in market. The marketesha -a--1,
of direct channel equals the share of retail chiafien 2

Bis in the range of (0, 1), and retailer's profitidmses
as @ increases; the manufacturer's profit first incesas

and then decreases ésncreases.
(3) In the case with competition, effects of pradcmm-
petition on pricing strategy of supply chain argeisti-

gated. Letc, =1.2, §,=0.4, 6,=0.3and other
parameters remain the same as above. Similar hith t

o0 L I ! L
03 035 0.4 0.45 0a 0.85 06 0.es 07

situation without competition, when u is in the garof u
[0.3,0.7]and changes as steps of 0.05 to calculate the  Figure 3. Impact of Product Competition on Profitsof
optimal strategies. Impacts of products competition Supply Chain

pricing strategies and profits of supply chain sinewn

in Figure 2 and Figure 3. The join of homogeneous product makes retail channe

price and direct price of original product droprsfigant-
ly compared to the single product situation. Thmgeti-
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tion has become fierce. Manufacturer and retail@rig- 6, represents the cross elasticity of p2 and @,
inal product are beginning to compete for the miarke

share with lower prices. And same with the case of represents the cross elasticity of p2 and pd . Whth

single product, retail channel price, direct charpree increase ofﬁl, the competition between two retail chan-
and the price of substitute product increase ab thie nel of different products increased. In retail ameln
increase of retail market share. The increase tailee original product and substitute product compet@mace.

market share in original product doesn't have at@re  pr* and p2** gradually drop down caused by intense

impact on overall profit of substitute product siypp competition. 8 has little effect on pd**. At the begin-
chain. The change trends of original product mastufa pettion. & ! pa™ g

er's and retailer’'s profits with respect to retaibrket ning pd**has a smaller rate of decline, wh&p'ncreases
share are consistent with non-competitive circuntsta to a certain extent, pd** increases. With the iase of
(4) In the case with competition, effects of pridasticity
on supply chain pricing strategy are investigateet

U=0.65 and other parameters remain the same as
above @, =0.3). Let & [J[0.1,0.9], g changes in 6. Conclusions

steps of 0.1. The impact on supply chain pricimgtey | this paper, we investigate product competitiord a
with change ole is shown in Figure 4. Led?l =04, power structures in dual-channel supply chain; canap
: the optimal pricing strategy under three differpotver
‘92 [[0.1,0.9]and ‘92 changes in steps of 0.1. Other StI’UCtIlDJrESZ l\l?ash gequilibri??r/n, the manufacturepr I&thc
variables keep constant. Figure 5 shows the imphct berg and Retailer Stackelberg, analyze optimatesiya
6, on supply chain pricing strategy. in competitive market environment, and take nunatric
: ‘ calculation as comparative analysis. Results shwat t
compared to Nash equilibrium, Stackelberg games do
minant party has first-mover advantage and obtaiose
profit than Nash equilibrium case; when there dpict
competition, as market competition intensifies,cesi
will gradually reduced. The research provides mfees
on pricing strategy for supply chain members to enak

02 , pd**, p2* pr** decrease. pd** has maximum
reduced rate, pr** has minimum rate of decrease.

5

=8 right decision in different power structures witrcam-
petitive environment. However, this paper assurhes t
3 market demand function is determined, while demand
reality is affected by many factors with uncertgint
251 Therefore, the case with uncertain demand is wionth
ther study.
il
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