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aring Contract in

a Supply Chain with Direct Channel
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Abstract—Westudy a dual-channd  supply chain  under
decentralized setting in which manufacturer sells to retailer and to
customers directly usingan online channel. A customer chooses the
purchase-channd based on price and service quality. Also, to buy
product from the retail store, the customer incurs a transportation cost
influenced by the fluctuating gasoline cost. Both companies are under
the revenue sharing contract. In this contract the retailer share a
portion of the revenue to the manufacturer while the manufacturer
will charge the lower wholesales price. The numerical result shows
that the effects of gasoline costs, the revenue sharing ratio and the
wholesale price play an important role in determining optimal prices.
The result shows that when the gasoline price fluctuatesthe optimal
on-line priceis relatively stable while the optimal retail price moves
in the opposite direction of the gasoline prices.

Keywords—direct-channel, e-business, pricing model, dual-
channel supply chain, gasoline cost, revenue sharing

|. INTRODUCTION

HE growth of electronic commerce in recent years has
provided firms with a very attractive marketing
opportunity. Internet has become an important retail channel.
Although traditiona retailers vastly outsell Internet retailersin
most product categories, the researches ininternet retailing
have largely neglected this fundamental dimension of
competition. Internet retailers face fierce competition from
brick-and-mortar retailers when selling mainstream products,
but are virtualy immune from the competition when selling
niche products. The online retail sales reached $165.4 hillion
in 2010, up 14.8% from 144.1 billion 2009 according to non-
adjusted estimates released today by the U.S. Commerce
Department[1]. In the long run, online stores are expected to
enjoy a significant cost advantage over their brick and mortar
counterparts primarily due to lower overhead and
infrastructure costs [2]. The rapid development of commerce
on the Internet has made it attractive for retailers to engage in
direct online sales. According to Forrester Research, “E-
commerce continues its double-digit year-over-year growth
rate, in part because the sales are shifting away from
stores and in part because on-lineshoppers are less
sensitive to adverse economic conditions than the average
U.S. consumer [3]. Moreover, on-line retail sitesdon't suffer
as much as brick-and-mortar stores during
economicdownturns, because on-line shoppers tend to
have more money than those who shop in physical stores.”
The dual-channel dynamics in the presence of direct
channd, with the rapid development of the Internet,
manufacturers today are increasingly adopting a dua channel
to sdl their products dual-channesupplychain where a
manufacturer sells products directly to the customer and also
through an independent retailer [4].
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Therefore web-based channéls are fast becoming an integral
part of the channel strategy of traditiona off-line retailer [5].
The mix of retailing with a direct channel adds a new
dimension of competition and complementsexisting
distribution channels. Among online shoppers, consumers
living close to physical store favor shopping at retailers
because they can access traditiona retail service from physical
stores. However, consumers who live far away from physical
stores find web-only retailer more attractive. Therefore,
nowadays most firms adopt a multi-channel strategy that
includes both web-based channels and pre-existing off-line
channels [5]. However, traditionally off-line sdlers can
preempt competition from on-line channels by improving such
features as convenience, personaized after-sale service, and
trust.

The organization of this paper is as the following. In section
2, we briefly review the related literature.ln section 3, we
develop the consumer model and the game theoretic model to
analyze the situation. In section 4, the numerical experimentis
conducted to gain managerial insight under various situations.
Section 5 concludes the research and provides the direction of
future research.

II.LITERATURE REVIEW

A key challenge is to the price mechanism alowing the
retailerto charge higher price in the face of lowered search
costs in Internet markets. The effect of consumer’s online
purchase cost on the profits of both online and traditional
retailers is then further moderated by the traditiona retail
transaction cost and the product web-fit. Economic theories of
consumer demand and retailer pricing suggest that product
prices are afunction of both the characteristics of the retailers
and the competition.

It is found that prices were 9-16% lower in online stores
than in conventional stores [6]. Thereis also the evidence that
online prices for digital products were lower than prices in
brick and mortar locations [7]. There are two types of channel
pricing strategies: consistent pricing and inconsistent pricing.
About two thirds of dual-channel companies utilize consistent
pricing, whereas the remaining companies use inconsistent
pricing. In a dual-channel supply chains, the manufacturer
sells not only through aretailer, but also through a direct sales
channel, which makes the manufacturer both a supplier to and
a competitor of the retailer [8]. In any supply chain, the
assortment and pricing decisions are crucia not only for the
retailer, but also for its supplier. These decisions require even
more scrutiny in a two-echelon, dual-channel supply chain,
given the complicated nature of the relationship between the
manufacturer and the retailer. Since different products have
different degrees of customer acceptance of the direct channel,
the product type has a great impact on the lead time and
pricing decisions aswell [9].
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Since an online
traditional retailer and nowadays the dual-chaoehpetition
is becoming more and more intense. More and madedees
become accustomed to the coexistence of their atail r
channels and supplier-own online direct channe@.[We
thus use a model to study the situation that theee two
channels, the online channel of manufacturer (seppand
the traditional retailer. The manufacturer supppesducts to
retailer and also has online channel for diredtteatustomer.

Our study aims to develop models to capture pricin?

strategy to maximize the channel profits in supghgin. For
this research we include the customer transportati
costaffected by the fluctuating gasoline price.Tinegreasing
gasoline price will affect the customer behaviorntirgg to
purchase from a traditional retailer. There is ewick that
only major gasoline price changes have immediafgmgnhon

retailer competes directly with theold at the brick-and-mortar retailer. In additiore allow the

level of service quality offered at each channdbeadifferent.
Studies have found that availabilities of produatieties and
product information. Social interactions gained niro
shopping,shopping as a recreational experience ted
desirability of immediate possession are imporfaotors that
influence a consumer’'s channel choice decision.[T4]e
service consumers received from buying via on-thannel
has the valuation &f while the service valuation of retail
tore is S. Different consumers have different service
ensitivity byd. We assume tha#is uniformly distribution

detween B,8]. For example, some consumers with higher

service sensitived may highly appreciate the service offered
by retailer such as the guidance from salespetkergbility to
physically experience the product before buying ahd
ability to get the product right away than the otHénis model

attitudes and behavior [11]. The important managericlosely follows model done in [15].We assume thae t

implications are that when the online retailer s¢le same
product in a competitive market, it can effectivplpfit from
the reduced consumer’s online purchase cost [1#].r€lative
stability of gasoline price over time affects beloavPeriods
characterized by slight but steady increases iloyes price
permit consumers to engage in compensatory behéigr,
decrease in mileage driven). However, in periodsapfd and
substantial increases, the consumer's compenszapapbility
is diminished (i.e., the impact on the householdgat is great
and provides minimal time to adjust other spendirartices)
and more drastic adjustments in auto-related behaate
necessary [13]. For a retailer store, a consumeghimbe
reluctant to buy a product if the distance to tktaiter store is
far away or the travel cost is too high and mididase to buy
from the on-line channel instead. Because of alsmathber
of studies of gasoline price effect to the consudeaision, we
would like to incorporate gasoline price into ouodel and
would like to capture the effect of gasoline prtoechannel
selection at the same time. In effect, our modél w
incorporate the effects from travel cost.

I1l.  MODEL

We start with the consumer model of consumers. TH¢

retailer owns a traditional retail store. At thengatime the
manufacturer also offers on-line sales channehaatarnative
to sell the same product (with different servicesvied).
Having two channels to sell a product, the botlygis face
the pricing decisions of each channel so that ezctheir
profit is maximized. At the same time, a consumaces
channel selection decision whether to purchase foortine
channel, retailer channel or do not buy at all. ¥desider a
single period, single product model with a retailRetailer
sells its product via on-line and traditional chahnThe
demand of on-line consumer is called “Direct DenfasdDy
while we represent the demand of retailer chansielgD,.
Both players determine the price of product in eclzdinnel
simultaneously. We allow the price of each chamoebe

different. LetPy denote the unit price of product sold via on-

line Web site to consumers (including the shippiousts

charged for delivery) anB, denote the unit price of products
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consumer’s valuation of the product is the samevéeh on-
line and traditional consumers. We useto denote the
valuation of both on-line and traditional consumah&e also
assume tha§>S,. The service at retailer is higher because it
provides consumers better experience such as désire
immediate gratification. For traditional retailehannel, we
assume that consumer has to incur a transportatsh to
travel to the store. The travel cost depends ongtmsmline
price and the distance between the closet stotieedfirm and
customer location. Because the customer locatiomatabe
predicted in advance and it is independent to otlbesumer
parameters, we can assume that a particular comswitte
given values of other parameters, has a randomevafu
transportation cost or the transportation costdda anything
unable to predict from other parameters of consumer
incorporated in our model. We us& to denote the
transportation cost of each consumer and assunfermnty
distribution betweend, £]. We also assume for each channel
to sell a product the firm incurs variable costs cq. The
retailer incurs unit transportation cosf, to buy product from
manufacturer. The manufacturer incurs the prodoctost,
C,, to produce one unit of product. The parameterd an
riables discussed are summarized by group ofucoess as
shown below

Production

/ Cost

G

Manufacturer

Gy

Retailer

Consumers

Fig. 1 Dual channel supply chain
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We then present the development of demand functions  w+c +¢ +2¢(p, +8(-s, +S)-¢€)
based on consumer choice model in the followingicec P = 30
A.Demand Moddl ForBoth Traditional And On-Line — 05
Consumers [(W+ Cr +Ct _ﬂpd +9(_Sd +Sr)))2 + ] (1)
A consumer will buy only when he or she gains sonility L\2pW+C +C —py + (=S, +5))E+ 4gfe?
on the purchase. When a consumer purchase a prdtiect 3p
utility gained from the product ig but the utility gained from W +¢ +20(p, +§(_Sd +5)-£)
the service offered i®'S, depending on how the consumer P2 = 3
appreciates the service. If the consumer does set rthe _ s 05
service, the offered service has value 06ds zero. Thus the (Wte, +G —g@Apy +0(-s;, +5)))" + @)
total utility gained from the product and servisevVi+ 6S;. 2p(W+c, +G —@(p, +0(-S, +5)))E + 4FE?

However, the consumer has to pay the pRcand thus the 30
total utility gained from purchasing from this cimahisUg = ) o . L
V+ S -por Us = V- (pg - 6S). Similarly, the total utility Thg first derlvat!ve fuqct|on of the total profitqvides two
gained from buying from traditional retailerlkor V - (p, - 8 equations of retailer price was _represented @yand Pra-
S) - £. Since an on-line customer has to choose betweBl¢Xt, we evaluate the second derivatives of proitit respect
these two channels, the customer choosesa tragiietailer O retailer price and get the following:
channel wheJ,>U, and chooses online channel otherwise. d’r, -

The detailed derivation of the demand functionsristted dp,

in this abridged version of the research. The tesfutierived a(c, +c +w+2p,p-3p.g- 2p(6, - B +£))
demand function is summarized as follows: EpEv=Spy- Sy 3)
The result can be further simplified as a result, (8 =S )(E-£)(E -9)
2
D :%J‘ i[\/ +60S -p -V +6S,-p,) €06 By substitute the retail channel prices in (1) &2)dinto (3)
A A ' - 2
d and checking one of second order conditiéjnn&,%o, the
-9 pe_p dp
D, =—(8*-8) . o f
?6’ optimal retail price is novp,, .
+& 1- AL[N +0S —-p, -V +6S, —p, ) £ 16 Similarly, by using the first order conditiéjgl;)l—mzo, we
g* £ d
can solve for two retail prices as follows:
B. Profit Maximization pil -
Based on our demand model, the retailer and menuta —(20s] +s,(W+ 28 +C; — (-3+@)p, ~ Fs )+ B (E+¢g)
will maximize each channel profit. The retailer and S‘L B B
manufacturer are under the revenue sharing contiadhis -(8%s; —20s](W-EF +c, —@p, +05)+ 25,5 (- w- & (4)

contract, the manufacturer will sell the productrévailer a +0, +30, +2(-3+@)p, + IS, JE-£ )+ & E-£F+S2 (&7
low wholesale pricav. In return, the retailer will keepp ’ ; ~

portion of his revenue and shake gportion of his revenue to

the manufacturer to compensate for the loss of fiaatwrer's
profitwhere 0 < @<1. In this research, we assume that the

+(W+Cd _wpr +§Sr)2 _2‘?(3‘/_ 2\N+Cd + 3:[) + 26 3+¢pr
+585,)+ 23 - w+c, +(-2+¢)p, ) + 465, )£)))’°

1 i _
oz =5 (205 +3, W+ 2 +¢, - 3+ )p, - D)

wholesale pricew and the revenue sharing ratggare given. d
In the full paper, the parameters will be optimizedthat the +2s (-E+£)+ (0°s) - 20s W—-Z +c, —gp, +65s)
total supply chain profit is maximized. The prdfinctions of +25,5 (V= 2W-E+C, + 3, + 26 3P, + s ) (5)

both players are shown below: _
(E-g)+4s!(E-£)*+s](48°+ (W+c, —gp, +85 )
Retailer’s profit= —2F (-t + I, + 263, + s )
M, (p,.py) =P, (p,.p,)-(c +w+c)D, (p., o T
(P, Pa) =P, D, (P, Py )~ ( ¢)D, (P, Py) +2EU-wc, + (24 @)p,)+ 485, e )

Manufacturer’s profit =

n p.)=(p,—c,—c.)D,(p.,p,)+(w=-c )D (p, Then, we determine the second derivative of praiiin
m(Pr o) = (Py =€y =)Dy (Pr o)+ (W ,)D: (P Py respect to manufacturer price and it is shown Hsvis:
+((1_¢) pr Dr (pr 1 pd) azn —
. d,
By using the first order conditioga =0, we can solve for (205 +s,(W+2Z +c, —3p, — 3+, — P B (E+g)) (6)

g ) s:(s—8)E-£)@-9
two retail prices as follows:
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Similarly, by plugging the online price it4) and (5) into
2
(6) and checking one afecond order conditior an
d
is the only optimal online pric&dVe can summarize the res
as shown in proposition 1.

<0, Py,

Proposition 1: The optimal prices for both channels given
price of the other channel are as follows:

o WH +G +20(p, +8(- +5)=¢)
' 3p
(WHC, +G —@(p, +0(-s, +5)))° + °
2p(W+c, +¢ —@(p, +O(-s, +5)))E +AF e’
3p

1 .= _ _
Py :g(zesj +5(W+28 +¢y — (-3+@)p, - Fs,)
d

+25, (-E +£)+ (0°s, — 20s] W—-E +C, —gp, +65)
+25,5 (V- 2W— E+C,+ I, + 26 Fpp + s )
(F-£)+45 (F-£)* +si (462 + (W+c, —gp, +05.)°

Fig.3 shows the overall effe in supply chain from
fluctuating gasoline prie. In Fig.4, the retail prices move in
the opposite direction of gasoline prices. Howevtre
centralized price is set higher due to less |cut between the
two channels.

. 14 45
Prical$) == Gasoline Price
R A i~
LS
12 ) O
/ | 5
R AL | — Decentralized
Mgy i r — Centralized
\ (VAT e
0.8 INF \I‘ ~ 25 retail price
| "+ Dencentralized
/
\ - B online price
0.6 \ 7 Centralized
L e
15 online price
0.4 ~ gas price
1
0.2
0.5
0 0 pate
Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10 Feb-11

Fig. 3The effect of gasoline price to supply chain

- el Price(1$.)4 T i~ i - 4lsGasoIinePrice
—2E(v-2w+c + X+ 2C 3 p + Fs ) 12 A.\’f/\v/ =~
+2(3y-w+c, +(-2+g)p, )+ 495 )e)))° ) g 35 e

. . ’:/.,\..‘)\' e . :4\; -3 price
The Fig.2 illustrates the shapes of best response func 08 \ /"/ a4 25
of prices in both channels. The shapes of the tesgionst \ 5 — Centrlized
functions areapproximately linear and therefore the uni 06 \/ retail price
Nash equilibrium is expected even though it is poived 04 15
mathematically. 1
0.2 05 — gasprice
Online Price
1.7 0 ! ! ! ! ! 0 pate
Apr-07  Nov-07 Jun08 Dec08 Ju-09 Jan-10 Aug-10 Feb-11

. ; Fig. 4The effect ofjasoline price to retail pri

1.5 /

14 ,’ line Pri From Fig.5,in the gasoline price increases, online price

‘ / —or e pf'ce in decentralized decrease slightly becathe manufacturer

13 / — -Retail Price . . . .

/ has to attract custonsedue to fierce retail price reduction

12 ,f maintain online profiHowever, th online price in centralized

11 / is stable because in centralized situatthe loss of online

) _’_/’___/ profit from retail price reduction is less imporntdmecause the

!/ are under the same company.
09
0.8 jl Retail price Price(S)LlG 45 Gasoline Price
08 09 1 11 12 13 14 15 16 17 114 7\ 4 pecemtralined
Fig. 2Example of The best response functions of botheg 112 // \\\ 35  Onlineprice
IV. NUMERICAL RESULTS 1 NS ‘\ AL
We collected a historical data of gasoline price the i:: AR 25 ‘
United States during 2008 to 20id deermine the effect of : v 2 onlmenres
changing gasoline pricén the numerical experiment, we a 104 Y 15
calculate the centralized prices to compare agaths 102
decentralized prices. From Fi@, as the gasoline pri 1 - ; PR T —
fluctuates, online channel price stagpproximately at th 0.98 0.5 — gasprice
same while retail channel price in decentralizatiand 0.96 : : : oate
centralization change but retail price in centetian is a Apr07  Nov07 Jun08 Dec:08 Ju-09 Janl0  Augl0  Feb-1l
higher level due to the collaborative between lpattties Fig. 5The effect of gasoline price to online pi
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In Fig.6, the customer channel choice is greatigcaéd by 5.5 45 sasolinpri
. . . . iasoline Price
the fluctuation of gasoline price. The demand iaitehannel Bermad N 4
fluctuates inversely to the gasoline price. Thusewgasoline - A\
prices drops, the demand in retail channel incease vice ¢ 3 ;‘;‘:and
versa. According to Fig.7, the on-line demand aadotine V 1\ . rf3
price move in the same direction. When the gasatiriee 5.05 l ;\w‘*“’ AL 25
decreases, the on-line demand decreases because st \
customerschoose the retail channel. However, when t § (Wad 2
gasoline price increases, the on-line demand alsceases Y L5
since some customers switch to buy the product foortine , s
channel to save their cost. 4.95
0.5
Demand 08 4.5 Gasoline Price 4.9 o D
0.7 ," - -4 Apr-07 Nov-07 Jun-08 Dec08 Jul09 Jan-10 Aug-10 Feb-11
056 / \“/ \'-\ _ 35 — Demandin Fig. 8 The effect of gasoline price to total demand
- ’ LN . retail
\ v '/"‘\"/, o~ 3 channel 0.16 45
0.5 VAl v Y . : " Gasoline Price
r. 1 Ap =N Profit($) "
SR TR R " 25 0.14 15 4
04 v f\' 1 - 2 " ! \‘\ f W
R W - ,‘ : p 3.5 — Decentralized
0.3 \ - \'I 15 0.12 I I,J \ retailer profit
. A, I g ¢ 3
0.2 _ . 0.1 ,"'f \;\",n%\ o
1 gasprice ]. Iy _4_\ -
01 05 0081 £ L 1a
0 T T T T T 0 Dpate 006 .\ = 1.5
Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10 Feb-11 0.04 \ ! " - -gasprice
Fig. 6 The effect of gasoline price to retail desh@amthe market
0.02 05
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4.6 [ ek Fig. 9 The effect of gasoline price to decentraliretail profit
] - g g p p
/i ’ online channel
/ H 5
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45 }l‘. ! I 474 Ay g
: \ #" ST 2 4.72 ,"‘. E “:\' 35 . Decentralized
: / : g v iouE manufacturer
4.45 ¢ ; 1.5 ) \"‘ ; : /L3 profit
s . — gasprice 4.7 i i T
» i M TR 25
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435 g D 4.66 LA R
Apr07 Now07 Jun08 DecO8 1ui09 Jan10 Augl0 Feb11 : ; 15
Fig. 7 The effect of gasoline price to online dethamthe market +08 — g, EeEH
. . . 4.62 = 0.5
Fig. 8 shows the effect of gasoline price to themaed of : it
supply chain. The gasoline price has a great itnjgacverall 44 0

Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10 Feb-11

demand due to effect of gasoline price to retadrotel. The . - : N ;
Fig. 10 The effect of gasoline price to decentealinnline profit

gain of on-line demand is not enough to offset litgs of
demand in retail channel.

From Fig.9, 10 and 11, the profit of both retaitlammline
channel follows the same pattern as the demand.ofhHme In this report, we study the dual-channel supplgiciunder
profit and total profit follow the gasoline priceovement decentralization condition. We build a mathematinaidel to
while the retail profit is opposite. As the totalofit can capture the major features of the channels. Chjective is
increase when the gasoline price increases, tleetdthannel to use the model to understand how pricitegisions on
is very beneficial to the supply chain profit. each channel should be made. We find the optprieing

decisions on both retail and online channels. is phoblem, a
manufacturer who owns the online channel and thailee
channel sells the same product via a retail store.

V. CONCLUSION
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4 45
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Profit($) Gasoline Price

4772

477 35 «Total Profitin
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4.766 25
4.764
4,762

4.76

1 = =gasprice

4,758
Date
4.756 0
Apr-07  Nov-07 Jun08 Dec-08 Ju09 Jan-10 Aug10 Feb-11

Fig. 11 The effect of gasoline price to total decadized profit

A customer decides to buy the product from the nbhn
giving them the highest utility gained from produahd
service. However, to buy the product from the tettare, the
customer
fluctuating gasoline costs. We study the effectlibyeloping a
consumer’s demand model. The analytical expresdamthe
optimal prices are proved analytically. Our numariesults
lead to several insights, the effects of gasolinstto the
channel prices and profits. We found that the iaseein
gasoline cost will not greatly affect the onlineanhel price
while it has a great impact on the retail chanmétep The
total supply chain profit can increase even duthmysurge of
gasoline price.We found that some of online demaiildbe
lost and some of online demand will be transfetcethe retail
channel as the retail price decreases.
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