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Abstract
This paper studies a decentralized supply chaimhitch a manufacturer sells a
common generic product through two traditional andine retailers under free
riding market. We assume that the traditional fetgirovides the value added
services but the online retailer does not. Facsush as retail prices, local
advertising of the retailers, and global advergsifithe manufacturer and service
level of the traditional retailer simultaneouslsteffect on market demand. This
paper studies the cost information sharing betw#®n manufacturer and
traditional retailer and uses the cooperative aibieg program as an incentive
mechanism for information sharing under free ridifigis paper also examines
how the free riding phenomenon affects the inforomatsharing between the
manufacturer and traditional retailer and alsoghgply chain coordination. Our
analysis shows that, through the cooperative aduggt program, information
sharing between the manufacturer and traditiortailee is always beneficial for
all the supply chain members and therefore, thieeestipply chain is coordinated
except when the traditional retailer is not efficiand the degree of free riding is
relatively small.
Keywords:. supply chain coordination, information sharingstieal cooperative
advertising, online shopping, free riding; gameotiye

1- Introduction

With the increasing development of internet tedbgies, more and more firms use the Internet to
sell their products. On the other hand, with ti@da@rowth of Internet shopping, free riding beceme
very popular. In practice, however, a traditiorethiler can add some value added services (such as,
display of products, the explanation of productdess, answering customer’s questions, etc.) to the
product to encourage customers purchasing protarty consumers firstly can go to the traditional
retail store and enjoy the retail services, anad hierchase the product through the online shopping.
Such behavior is called free riding (Zhengping &MWeng, 2013). Free riding behavior is common in
the experiential products (e.gelectronic products, household appliances, amsl) dcgecause these
products have some characteristics like low puretisequency and relatively high price (Liu et al.,
2014).
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The main innovations of our research are asvdal first, this is the first research which udes t
cooperative advertising program as an incentivehaeism for information sharing. Second, this is
the first model which analyzes information sharng distribution channel where the manufacturer
sells his product through two traditional and oalietailers when free riding problem exists. Third,
this is the first study which investigates the irtpaf free riding behavior on information sharirhg.
the following, we review the literature is relatedhese fields.

Many authors focused on free riding. For instard/u et al. (2004) examined the competition
between the information service-providing sellemd ahowed that sellers might obtain benefits from
providing information service, even when there rigef riding. They also indicated that sellers’
incentives for providing information service arecamsed by increasing competition. Van Baal &
Dach (2005) examined the effect of free ridingvito directions: from traditional retail store to ind
shops and vice versa. They indicated that over 20%onsumers are free riders. Shin (2007)
indicated that in addition to the free riding riggifree riding is beneficial for the service-piding
retailer if consumers are heterogeneous in terntkedf opportunity costs for shopping. Umit Kucuk
& Maddux (2010) showed that the service-providiatpilers’ beliefs about online customers’ choice
of purchase outlet are mainly influenced by onlie&il price rather than accessibility of a variety
products on the Internet. Liu et al. (2014) invgestied the influence of free riding behavior on
manufacturer and retailer pricing and performanca dual channel supply chain.

To improve the performance of the supply chiia,members of supply chain may act as a part of a
unified system and coordinate their decisions(Ardér et al., 2008). Information sharing is the most
basic form of coordination in supply chains (Ct2]10). Different members of the supply chain often
obtain different benefits of information sharincghefefore, the members who earned less benefit are
not willing to share their information. Thereforeow to motivate the supply chain members for
information sharing is an interesting researchdssu

When there are only traditional retailers, fom@ate double marginal effect, many coordinative
contracts such as revenue-sharing (Cachon & Laeyi2005; Qin, 2008; Alaei & Setak, 2015),
buyback (Pasternack, 2008; Chen & Bell, 2011), tjtyafiexibility (Tsay, 1999) and combined
revenue sharing and quantity discount (Partha Bagtatal., 2014) have been employed. Also, many
researchers have studied information sharing upalg chain (Hsiao & Shieh, 2006; Chiang & Feng,
2007; Shamir, 2012; Hall & Saygin, 2012). Instetibre are few researches which studied how to
create an incentive for the supply chain membehtre their information. For example, Yao et al.
(2008)studied the retailers’ incentives for value-addest information sharing in a supply chain with
one supplier and two heterogeneous retailers. Theigated that, side payment is not a suitable
strategy to extract more accurate information feodownstream player. Wu et al. (2008)Investigated
the incentives for demand and cost informationialyan a Cournot model with capacity constraints.
They showed that the incentives can be reversedh sbene equilibrium solutions are binding on
capacity and information sharing does not necdgsadrease social welfare. Liu & Ozer (2010)
considered a distribution channel with a manufastand a retailer and indicated that the buyback
contract always motivates the manufacturer to shaéedemand forecast information. Mahajan &
Venugopal (2011)investigated the supply chain &tnsf one manufacturer and one retailer and
showed that the reduction in the lead time to #tailer can be motivate the retailer to share his
demand information. Qian et al. (201xamined a two-echelon supply chain comprising a
manufacturer with a limited production capacity andny retailers and showed that a discriminated
allocation strategy will motivate the retailers ghare their demand information. Zhang & Chen
(2013)considered a supply chain with a supplier and @ileetand indicated that the revenue sharing
contract is coordinative and ensures that the smp@nd the retailer disclose their demand
information completely. Liu et al. (2016) studidxbtretailer’s choice on cost information sharingin
dual- channel structure consisting of a retail clehand a direct sales channel. They indicatedithat
both single- and dual-channel structures, the leetias little motivation to share its private cost
information which is verified to be valuable forettmanufacturer.Dukes et al. (20ERjaluated the
impact of information sharing on wholesale andirgi@cing incentives as well as on the distributio
of economic rents. They demonstrated that, infolonasharing arrangements in equilibrium require
side payments and/or sufficient cost savings becthesmanufacturer benefits from more information
sharing at the loss of downstream retailers andwoers
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Literature review demonstrates that there ave daidies which discussed coordination in supply
chain when free riding problem exists. For exampgleengping & Yezheng (2013) used the revenue
sharing contract to coordinate the various duahnbbstructures in case of free riding. They inttica
that the whole supply chain of decentralized dhaihmel is coordinated by revenue sharing contract.

Cooperative advertising is mostly used in cormugoods industries and financial support from
manufacturers is a major part of a retailer’'s badgelocal advertising (Jgrgensen & Zaccour, 2014)
Vertical cooperative advertising is an agreememvéen a manufacturer and his retailers, where a
manufacturer offers to share a certain percentdgeisoretailer’'s local advertising costs(Aust &
Buscher, 2014a).Among the existing studies on c@tive advertising, a few works study a channel
in which a single manufacturer sells a productubiotwo or more competing retailers.Ghadimi et al.
(2011) studied the coordination of cooperative disiag in a supply chain with one manufacturer
and two retailers when the relationships amongihaaufacturer and two retailers are symmetric and
they cooperate to increase their profits.Zhang & ¥l012) investigated the impacts of the retailer's
multiplicity on channel members’ decisions and ltataannel efficiencies in a distribution channel
with a manufacturer and multiple competing retailataei et al. (2014) studied a supply chain with
one manufacturer and two retailers who can eitt@npete or cooperate, and either Nash or
Stackelberg game is played between the echelores, détermined the fraction of local advertising
costs shared by the manufacturer through a bargpig@me. Aust & Buscher (2014b) investigated
either Vertical Nash-Horizontal Nash or Manufactufgtackelberg-Horizontal Nash game in a
distribution channel consisting of one manufactueerd two competing retailers, who offer
substitutable products to consumers. Karray & Hazsdeh Amin (2015) studied the effect of
cooperative advertising in a supply chain with omenufacturer and two competing retailers. They
indicated that cooperative advertising may not lemefficial for the retailers and the channel,
especially when there are low levels of price caitipa and high level of advertising competition
between retailers.Li et al. (2015) first consideeedyadic supply chain with a manufacturer and a
traditional retailer, in which the manufacturerssatdirect channel, and then expand their modal to
competitive case with one manufacturer and two peddent retailers. They indicate that an
appropriate advertising effort can coordinate tiygpdy chain and lead to a win-win outcome for each
channel.

This paper considers a two-echelon supply cimwhich the manufacturer sells a common generic
product through two traditional and online retalefwo retailers compete on retail price and
advertise their product. The traditional retaildds. some services to product to attract custonoers t
his store. Some customers may enjoy the traditicetaller’s services, but purchase the final présiuc
through the online retailer. Thus the free ridinghtem exists. In addition, the manufacturer has no
complete knowledge of the traditional retailer'sviee cost information. Therefore, the manufacturer
shares a certain percentage of the traditionalilegta advertising expenditure to motivate the
traditional retailer sharing his information. These some of the questions that explored in this
paper:

1. How the cooperative advertising program motivates traditional retailer to disclose his
private information to the manufacturer?

2. Whether the information sharing between the manufacand traditional retailer coordinates

the entire supply chain?

3. How the free riding phenomenon affects the inforamasharing between the manufacturer

and traditional retailer and also the supply clwaiordination?

4. How the free riding phenomenon affects the tradélaetailer's service level and the supply

chain members’ profits?

Therefore, the organization of the paper is ao¥al Section 2 describes the research model.
Section 3 solves the model and determines theiledquih outcomes. Section 4 presents an illustrative
example. The managerial implications are discugsefiection 5. Finally, the main findings of our
research are summarized in section 6.

2- Model formulation
Consider a market setting where a manufactuels & common generic product through two
traditional and online retailers who compete oaitgirices. Suppose that the unit production cest i
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and the manufacturer sets a common wholesale fwiceetailers ¢ > ¢). Factors such as retall
prices, local advertising of the retailers and gladvertising of the manufacturer simultaneously h
effect on market demand. We consider the globaériding expenditurefor the manufacturer and

the local advertising expenditurgfor the retaileri (i = tdenotes the traditional retailer ane-
edenotes the online retailer). The traditional tetanffers services to customers to attract custeme
to his store. Some customers may enjoy the retailices offered by the traditional retailer, but
purchase the final products through the online plmap Therefore, besides the retail prices and the
advertising expenditures of all the members, tretarner demand is also influenced by the traditional
retailer's service level. Here, traditional retaife@s private information about the cost of theviser
level which is unknown to the manufacturer anddhkne retailer. The manufacturer decides to offer
a vertical cooperative advertising program to emage the traditional retailer sharing his
information, whereby he can bear a fraction<(8 < 1) of traditional retailer’'s local advertising
expenditure. However, if the traditional retailes unwilling to disclose his information, the
manufacturer does not offer the cooperative adsingiprogram. Furthermore, our main goal is to
determine the condition under which cooperativeesising program and information sharing is
beneficial not only for the manufacturer, but disothe traditional retailer. When a specific vaia

is optimized by one of the supply chain partndns, ather partners’ objectives may be ignored and
correspondingly, the whole supply chain objectiveay be ignored (Tsay, 1999). Therefore we
modeled the advertising participation rate as arpeter and determined that for what values of
manufacturer’s participation rate information shgrican benefit both the manufacturer and the
traditional retailer. In this field, we can refer some studies in which the participation rates are
exogenously given (Kunter, 2012; Zhang et al., 2013

Throughout the paper we will use the following rtiotas:

c: the unit production cost of the manufacturer

w: the unit wholesale price of the manufacturer

p;: the retail price of retaildar,i = ¢, e

a;: the market base of retaileyi = ¢, e

s: the service level of the traditional retailer

a;: the local advertising expenditure of retailei = t, e

A: the global advertising expenditure of the mantufisar

w;: the profit of playet ,i =t,e, M

B,: the demand sensitivity to the own price

B,: the demand sensitivity to the service level

y1 . the substitutability coefficient of two retais

w: the free riding ratio

k, . the effectiveness of own local advertising

k,: the effectiveness of rival’s local advertising

k5. the effectiveness of global advertising

0: the advertising participation rate of the maatifirer

the service level cost efficiency of the trauhtl retailer

the average service level cost efficiency

the deviation service level cost efficiency

Similar to Aust and Buscher (2014b; 2014c), it dsn assumed that the consumer demand
di(pi,pj s, a;, a;, A) has the following form:

di(pl-,pj,s, ai,aj,A) = ﬁ(pi,pj,s).gi(ai,aj,A), i,j=te i#]j D
whergf;(p;, pj,s) shows the effect of retail prices and service ll@re demand, ang;(a;, a;, A)
shows the effect of advertising costs on demand.ugéea similar demand function as Raju et al.
(1995), which is a well-known liner demand functionthe literature. Then we add the service level
to the traditional retailer's demand function agegision variable (Tsay & Agrawal, 2000; Yao ef al.
2008). The customers’ perception of value and efloee, their buying decisions, are influenced not
only by the product’s selling price, but also tmecaint of “service” that is provided with it. Hetthe
services that provided by the traditional retaitesiudes display of product, explaining the product
features in detail, answering customer’s questiafigr-sales service, etc. These elements, which
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represent all forms of demand-enhancing strategfiesfirm, are aggregated into a decision variable
for the traditional retailer. Therefore, price aservice are two attributes of the product and the
traditional retailer chooses its own price and iservlhe nature of market demand is such thaheif t
traditional retailer reduces price or increaseviser he will enjoy from sales growth (Tsay &
Agrawal, 2000). Moreover, the traditional retaiteservice level simultaneously has effect on the
online retailer's demand, due to free riding. Tlerme, fi(pi,pj,s)for the traditional retailer and
online retailer is as follows, respectively:
ft@¢:Der ) = (a’t —Bipe + (B2 —w)s +y1(pe — Pt)) (2
fe@e Pt 5) = (@ — Brpe + s +y1(pe — Pe)) (3)
Also, Similar to Xie & Wei (2009), SeyedEsfahaeti al. (2011) and Aust and Buscher(2014b;
2014c), we model advertising effects on consumarathel as:
gi(ai,aj,A) = (kl\/a + kz\/gj + kg\/Z), i,j=te i#]j (4)
Therefore, the resulting total demand function the traditional retailer and online retailer are
respectively identified by:

dy = (ar — Bipe + (B — )s + v1(pe — pt))(kl\/a_t + kzx/a_e + k3\/Z) (%)
de = (ae = Pipe + s + v1(pe — pe))(kl\/a_e + kZ\/a—t + k3\/Z) (6)

Furthermore, like many researchers (lyer, 199y & Agrawal, 2000; Yao et al., 2008; Xiao &
Yang, 2008), we assume that, when the traditiogtaliler provides a service leyekthe service cost
of the traditional retailer is:

2
S
C(s)=n€ 0} (7)
where the smaller thye the more efficient traditional retailer. Accordino Yao et al. (2008), we
assume, is uniformly distributed, i.@.~ U[] — €, + €]. Also, n is known only for the traditional
retailer and the other players know the probabdistribution function ofy and can estimageande.
With these assumptions, the manufacturer’s, ti@dili retailer's and online retailer's profits are
respectively determined by:

Ty =[w-—clld; +d,) —0a; — A (8)
MR, = [pe —w = C(s)]d; — (1 = O)a, 9)
Mg, = [pe —w]d, — a (10)

As mentioned before, only the traditional retapesvides some services to customers and has private
information about his service cost information. f@fere the manufacturer only cooperates with the
traditional retailer and share a certain percentagine traditional retailer's advertising co#f) (to
motivate the traditional retailer sharing his imf@tion.

3-Stackelberg game

We model the problem as a three-stage game ewthermanufacturer acts as the Stackelberg leader
and the retailers are the followers. The manufactfirst maximizes his profit and sets his optimal
global advertising expenditure and wholesale prige using the retailers’ decisions and the
information obtained from the traditional retailén the next step, based on the manufacturer’s
decisions, the traditional retailer sets his senl&vel, retail price and local advertising expéune
and the online retailer sets his retail price awal advertising expenditure. We solve this thrtages
game with the backward induction approach. Theegfare assume the manufacturer's global
advertising expenditure and wholesale price is rgigad first solve the decision problem of the
traditional and online retailers as below

Max E[rthlw, A]

De,S,a¢

= max E[(pe = w — CO))(ar = Bipe + (B2 = )5 + 71 (e — pe))(kiy/ae (11)

+ kz\/a_e + ksVA) — (1 — @)a;|w, A]

155



Max E[rrRelw, A]
Pe,Qe
= max E[(p, = w)(@e = Bipe + s +v1(pe = Pe)) (ka/ae + kaifar - (12)

+ k3\/Z) |W, A]
Proposition 3.10ptimal response function of the traditional retailer is
« _ _(Ba—p)
T Bty
(B2—)(BB2(B1+Y1)—u(B3B1+2Y1))
N(B1+v1)(2B1+y1)(2B1+3Y1)
e (208, + ) (B + 2 + (B~ 2]
1024 7*(B1+y1)(1-6)? LTV T 4,4y 2T #
And the optimal response function of the online retailer is

X p: = By +

f—
\3t =

i =B, + (B2 —w)(BP2y1 + n(4p1 +v1)) In (77 + 5)
) ¢ ¢ 4B +y) P+ r)(2BL 4+ 3y \f—e¢
- k—12 E +E 4
\ ae_64(.31+)’1)6( ¢ 2)

where B;, B,, E;, E.and Fare defined as following
_ 2a;(By +v1) + aeyr + w(By +v1)(2B; + 3y1)

‘ (21 +v1) (2B + 3v1)

B = 2a,(By +v1) + aryr + w(By +v1) (2B + 3v1)
¢ (2B1 +v1) (2B + 3y1)

E = 4a(By +v1)* + 2a.y1(By + v1) — 2wBi (By + 1) (2B + 3y1)
‘ (21 + v1) (21 + 3v1)

B = 4ae(By +v1)? + 2ary1(By +v1) — 2whi (By + v1) (2B1 + 3v1)
¢ (281 +v1) (2B + 3y1)

_ (B2 — ) (BPoyy + p(4p + Vl))l (77 + 5)
e(2By +v1) (2B + 3y1) n—¢
Proof: See Appendix A.
Retailers’ variables are now used as constraintisamrmanufacturer’s decision problem:
MaJA;E[nM] = MaJXE[(dt +d,)(w—c)—0a; — A] (13)
w w

We will solve the manufacturer's decision problemd aobtain the optimal global advertising
expenditure and wholesale price for the manufactirahe full information case and asymmetric
information case, respectively.

3-1- Full information case (FI)

Suppose that the traditional retailer decides tresiis private information with the manufacturer.
Therefore, the manufacturer has complete informadimout the traditional retailer’s service levestco
informatiorn/Jand the manufacturer’s decision problem is:

A‘//‘Iﬁx Ty = ((at = P1pe + (B2 — s + y1(pe — pt))(kl\/a—t + k2\/a—e + k3\/Z)

+ (2o = Bupe + 15 +171pe — ) (la @ + kpofae + kaVA) ) w—c) (14
—0a;— A
In order to solve this problem, the traditiorethiler's and online retailer’s variables firstvbao be

substituted into (14). Then, the optimal global extiging expenditure and wholesale price are
identified by setting the partial first order detiwesr,,/0A andm, /owto zero and solving the
resulting system of equations (all mathematicatuations are given in Appendix B). But, due to
complexity of the problem, the first order conditi@ér,,/dA = 0 andm,,/dw = 0 cannot be solved
analytically. Therefore, the optimal global adw&rtg expenditure and wholesale price are determined
through illustrative example.
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3-2- Asymmetric information case (Al)
Now, we assume that there is no information arge between the manufacturer and traditional

retailer. Thereforep is unknown to the manufacturer and the manufactudecision problem is:
n+e

I‘M/}I'aif Ty = f [((Oft — B1pe + (B2 — s +y1(pe — pt))(kl\/a_t + kzx/a_e + k3\/Z)
n-¢ (15)
+ (ae — B1pe + us +y1(pr — pe))(kl\/a_e + kz\/a_t + k3\/Z)) w—r¢)

— 8a, — A] F(n)dn
Similar to the previous case, the optimal gladmhlertising expenditure and wholesale price can be
determined by substituting the traditional ret&lemd online retailer's variables into (15) antting
the first order conditions to zero.

4-lllustrative example

In this section, we present an example in otdenvestigate effects of the free riding, servoost
efficiency and participation rate on informationaghg and supply chain coordination. Firstly, we
perform a comparison between full information (&hd asymmetric information (Al) cases. Then, we
study the effect of information sharing between wfaaturer and traditional retailer on supply chain
coordination. We consider the following defaultued for parameters:
ar=a,=10,6,=1,6,=08,y, =08k; =1,k, =025 c=2,,7=05,6=04n €
{0.1,0.5,0.9}, u € {0,0.1,0.2, ...,0.8} and® € (0,1).

4-1- Comparison between Fl and Al cases

This section provides a comparison of the mastufar's and traditional retailer’s profit undeilfu
information and asymmetric information cases. Thka,conditions in which the traditional retailer
has an incentive to vertically share his privaferimation with the manufacturer, are determined.

The results of comparison of two cases for difife values oft are demonstrated in figure 1 which
specifies the region in which cooperative advergjgprogram makes Fl better than Al case with the
manufacturer’s and traditional retailer’s pointvidw. For example, foy = 0.5andu = 0.4 as shown
in figure 1-(b), information sharing is beneficidr the manufacturer and traditional retailer, if
0 € (0.16,0.78). In other words, proposing cooperative advertisoogtract witl® € (0.16,0.78)
leads to better profit for the manufacturer anditranal retailer with vertical information sharirgl)
rather than no information sharing (Al). From figui-(b), it is figure out that, if) = 0.5 and
6 € (0.3,0.74), for all values of free riding parametey) {vertical information sharing is beneficial for
the manufacturer and the traditional retailer. tlmeo words, withg € (0.3,0.74), the win-win
situation is achieved for the manufacturer anditicathl retailer. For other values gf andu the
manufacturer’s participation interval is shown able 1. For all values of anduin table 1gf/ >
my andmy! > mp!, as long as the manufacturer's participation isite the specified range.

Considering figure 1 and table 1, it can be iegpkhat for all values aof andy, there is a feasible
cooperative advertising program which makes vdrtiocdormation sharing beneficial for the
manufacturer and traditional retailer. Therefoo,dveryn andyu, the traditional retailer has enough
incentives to reveal his information to the mantifear.
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Figure 1.The region in which cooperative advertising prograakes FI better than Al for the manufacturer and
the traditional retailer (&) = 0.1(b)n = 0.5 (c)n = 0.9

Table 1.Ranges of for which Fl is better than Al for the manufactuaad traditional retailer

;01 0.5 0.9 0.1<7<09
0 (0,0.88) (0.3,0.74) (0.49,0.66) (0.49,0.66)
0.1 (0,0.87) (0.22,0.76) (0.42,0.71) (0.42,0.71)
0.2 (0,0.86) (0.2,0.76) (0.39,0.72) (0.39,0.72)
0.3 (0,0.85) (0.19,0.77) (0.34,0.75) (0.34,0.75)
0.4 (0,0.84) (0.16.0.78) (0.3,0.76) (0.3,0.76)
0.5 (0,0.82) (0.13,0.78) (0.24,0.77) (0.24,0.77)
0.6 (0,0.81) (0.09,0.78) (0.18,0.77) (0.18,0.77)
0.7 (0.01,0.79) (0.05,0.78) (0.1,0.77) (0.1,0.77)
0.8 (0.01,0.78) (0.01,0.78) (0.01,0.78) (0.01,0.78)

4-2-Impact of information sharing on supply chain coordination
In this section we study the effect of informat®imaring between the manufacturer and traditional
retailer on supply chain coordination and deterniime condition in which information sharing can
coordinate the entire supply chain. To achieve phigpose, we compare profits of all supply chain
members under FI and Al cases. Figure 2 demonstitate comparison results of two cases for
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different values ofy. In this figure, the regions where cooperative eatlising program makes Fl
better than Al case for all supply chain membeeshaghlighted. For example, figure 2-(b) illustsate
that, if n = 0.5andé € (0.3,0.61), for all values ofu vertical information sharing between the
manufacturer and traditional retailer is benefiémalall the supply chain members. In other wofds,

all values ofu with 6 € (0.3,0.61), vertical information sharing between the manufeat and
traditional retailer creates a win—win situation &l supply chain members. For other valuegaid

u, the manufacturer’s participation interval is simow table 2. For specific values pfanduin table

2, my > mifand ! > mh!, i € {t,e}, as long as the manufacturer's participation iatén the
specified range. Note that, “dashes (-)” for soraki@s ofpand uin table 2 implies that there is no
feasible range of participation rate in cooperatagvertising contract. It can be implied that
information sharing through the cooperative adsartj program is beneficial for all the supply chain
members and therefore the entire supply chain asdioated except when the traditional retailer is
not efficient (the traditional retailer's efficiep@arameter is large) and the degree of free riting
relatively small. Furthermore, figure 3 specifie region in which information sharing between the
manufacturer and traditional retailer is benefidial all the supply chain members through the
cooperative advertising program. In other words,dioy values oft andnin the highlighted region,
there exists a feasible range of participation iratee cooperative advertising contract.
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Figure 2. The region in which cooperative advertising prograakes Fl better than Al for all the supply chain
members (ay = 0.1(b)n = 0.5 (c)n = 0.9.
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Table 2.Ranges of for which Fl is better than Al for all channel mieens

;01 0.5 09  01=7<09
0 (0,083 (0.3,0.61) - -
0.1 (0,0.84) (0.27,0.62) - -
0.2 (0,0.86) (0.27,0.63) - -
0.3 (0,0.85) (0.25,0.63) - -
0.4 (0,0.84) (0.22.0.65) - -
0.5 (0,0.82) (0.18,0.66) (0.44,0.54) (0.44,0.54)
0.6 (0,0.81) (0.14,0.68) (0.29,0.62) (0.29,0.62)
0.7 (0.01,0.79) (0.08,0.69) (0.16,0.67) (0.16,0.67)
0.8 (0.01,07) (0.01,0.7) (0.01,0.7) (0.01,0.7)
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Figure 3. The region in which information sharing betweea thanufacturer and traditional retailer is
beneficial for all the supply chain members throtigh cooperative advertising program

4-3-Effect of freeriding on optimal decisions and profits

In this subsection, we examine the impact of fidang on the traditional retailer’'s service level,
retailers’ retail prices and members’ profit. Tlesults are depicted in figure 4 and figure 5. Fegr
(a) indicates that the traditional retailer’s seevievel is decreased by increasing free ridinguite 4-
(b) shows that the traditional retailer's and oeliretailer’s retail prices are decreased by iningas
free riding. Figure 5 also indicates that the manturer’'s and retailers’ profits are decreased by
increasing free riding.
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Figure 4. (a) The impact of free riding on the traditionetailer’'s service level. (b) The impact of freeimgion
the retailers’ retail prices.
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Figureb5. (a) The impact of free riding on the manufactusgn'ofit. (b) The impact of free riding on the
retailers’ profit.

5- Managerial implications

As noted before, cooperative advertising progEm be treated as an incentive mechanism for
motivating retailers to reveal their private infation. The problem studied in this paper tries to
determine optimal advertising, pricing and othecisiens under free riding in a supply chain
including a single manufacturer, a traditional itetaand an online retailer. It is assumed that the
traditional retailer has private information abdbe cost of the service level. The manufacturer
decides to offer a vertical cooperative advertiginggram to encourage the traditional retailer isigar
his information. Our analysis in the illustrativ&aenple shows that:information sharing is always
beneficial for the manufacturer and traditionalailetr since there exist a feasible range for
cooperative advertising participation rate. Howevier some conditions, i.eu < 0.5, the online
retailer’s profit is worse-off by proposing cooptéra advertising contract.

The interesting result is that regardless ofuwabh),the manufacturer can offer cooperative
advertising contract which ensure improvement is piofit and traditional retailer's profit. For
example, giveruin table 1, for ang.1 < n < 0.9in the fifth column, there exists feasible range fo
participation rate. This result is very importaimce the manufacturer compares full informatiorhwit
asymmetric information case where he is unawareadfe ofn. However, with the whole supply

161



chain members’ point of view, regardless of valfigy dor any 0.1 < n < 0.9in the fifth column of
table 2, the manufacturer can offer cooperativeedithing contract only when> 0.5.

6- Conclusions

With the rapid growth of Internet shopping, mamed more firms use the Internet to sell their
products. Since the online shopping has a loweilrgtice, the free riding problem occurs. We
presented a supply chain model in which a manufacgells a common generic product through two
traditional and online retailers under free ridmgrket. The market demand simultaneously affected
by retail prices, value added services of the ti@uil retailer, local advertising of the retailensd
global advertising of the manufacturer. We studitbé cost information sharing between the
manufacturer and traditional retailer and the comipee advertising program is used as an incentive
mechanism for information sharing. Also, we invgsted how the free riding phenomenon affects the
information sharing between the manufacturer amditional retailer and also the supply chain
coordination.

Through illustrative example, we achieved thikofaing findings: (1) If the manufacturer offers a
cooperative advertising program, information slarimetween the manufacturer and traditional
retailer is always beneficial for the manufactuaad traditional retailer and therefore, the tradidil
retailer always has an incentive to share his feivaformation with the manufacturer. (2) If the
manufacturer offers a cooperative advertising mogrinformation sharing between the manufacturer
and traditional retailer is beneficial for all theupply chain members and therefore the entire
decentralized supply chain is coordinated excemnathe traditional retailer is not efficient ane th
degree of free riding is relatively small. (3) Freding has a negative effect on the traditional
retailer’s service level and the supply chain mersibgrofits.

There are various directions for extension af gtudy. First, we show that through the coopeeativ
advertising program, information sharing betweea mhanufacturer and traditional retailer cannot
always coordinate the entire supply chain. Theegfare can study how the manufacturer designs
another contract in addition to cooperative adsing to coordinate the decentralized supply chain.
Second, there is another kind of free riding tlm tustomer’s first search for information on the
Internet and then buy the product from a traditiortail store. Therefore, a possible extensiotois
study the decentralized supply chain coordinatibemsuch a free riding behavior exists.
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Appendix A

Proof of proposition 1

Replacing the traditional retailer’'s demand funetioto (9), his profit function can be rewritten as
following

Max E[nR |lw, A] E[(pt -—w-— C(v))dt -(1- H)at]

= (Pt w— —775 ) (a’t Pipe + (B2 — s + y1(pe — pt))(kl\/a_t (A1)
+kyyfa. + k3\/_) - (1-0)a,

The first order partial derivatives of the tradité retailer’'s decision problem are calculated and
set to zero:
OE [mg,]
s~ Bz =W —w) —nsac +1spe(By + 1) —1sV1pe

(A.2)
3
- E’ISZ(,BZ - M)) (kivae + kz\Jae + ksVA) = 0
OE[mg,] )
g (“t —2(B1 +v)pe + (B2 — s + v1pe + w(By + v1)
t ) (A.3)
+ En(ﬁl + Y1)52> (kl\/a—t+ k2\/a—e + k3\/Z) =0
] = 1 (w52 e = B+ v + (B~ s +vap0) — (1 6)
da, 2\/a—t Pt 277 t 1T V1Pt 2 T H V1DPe (A.4)
From these equations, the traditional retailersnog@ policies are derived as follows:
o = (ﬁz ) (A.5)
1By +711) ;' Y1) 36 2
o= PRAL A
TR [Zat +2w(By +v1) + 2y1pe + Bt 70 (A.6)

k1 274
X - — A7
A = 1074 7 Br+ 7)1 — 0)? [2n(B1 + v1)(ae —w(By + ¥1) + v1Pe) + (B2 — 0)?] (A7)
Similarly, the online retailer’s profit function ede rewritten as following
Max E[nR [w, A] E[(p, —w)d, — a,]

= (pe = W)(@e = Brpe + 115 + v1(p — p)) (kay/@e + kyyfac + kavA)  (A8)
The first order partial derivatives of the omliretailer's decision problem are calculated aridcse
zero:

0E[mg,]
ap = (@ = 2(By + v1)Pe + s + y1pe + W(By +v1))(k1y/ae + kpofa, + k3VA) (A.9)
. :
=0
Pl = 0, w)(ae — (B 10)pe s +vap) 1 =0
9a.  2Ja, Pe = W) (@ — (B1 + Y1)Pe + Us + V1P: = (A.10)
From these equations, the online retailer's optipudicies are derived as follows:
1
Pe = 57— (@ + w(B1 +v1) + vape + s] (A.11)
2(B1 +v1)
* klz 4
= (e —w(By +v1) + V1De + 1s) (A.12)

e =64 (B1 +71)
Since the online retailer has incomplete infdramaof the traditional retailer's value added sesv
cost, he has no complete knowledge about traditietailer's service levetand pricep,. Thereby,
similar to (Yao et al. (2008)), we assume thatdhkne retailer finds the expected service leval an
retail price for the traditional retailer.
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n+e n+e
Bz — 1) (B2 —w) In (n s)
= A.13
T LA A ¥ ey (A1)
77+£
ptZ_J m[2“t+zw(ﬁ1+y1)+2hpe (5, +V)]f( )dn
- e (A.14)
N , 3(8, —w?n ()
4(31 ) ai + 2w(By +v1) + 2y1pe + 268 +70)

Equation (A.11) is substituted into Equations&)fand (A.7) and Equations (A.13) and (A.14) are
substituted into Equations (A.11) and (A.12), amgu&ions (A.6), (A.7), (A.11) and (A.12) are
solved simultaneously. Therefore, the traditioredhifer's and the online retailer’'s optimal polgie
are as follows:

o = (B, — 1)
n(By +v1)
. (B2 =) BB2(Br +v1) — u(BP1 + 211))
< pe =B+ (B +v1) (2B +v1)(2P1 + 3y1) (A-15)
o % Fy, 4
(% = 1024 7 Bs + 71)5(1 — 6)?2 2n(By + vy (E: + 2B, + 1)) + (B, — w)?
Pt =B, (B2 =W (BB2ys + p(4B1 +v1)) In (77 + 5)
45(ﬁ1 + v (2B1 +v1) (2B + 3y1) N—¢€
< g i (A.16)
\ = Gy et
whereB;, B,, E;, E,andFare deflned as followmg
_ 2a:(By + Vl) + agyr + w(By +v1) (261 + 3y1)
¢ (2B1 +v1) (2B + 3y1)
B = 2a,(B1 +v1) + aryr + w(By + v1)(2B1 + 311)
¢ (2B1 +v1) (2B + 3y1)
_ 4a(By +v1)* + 2a.y1(By + v1) — 2wBi (By + v1) (2B1 + 3y1)
‘ (2B1 +v1)(2B1 + 3y1)
_ 4ae(By +v1)? + 2,71 (By +v1) — 2wphi (By + v1) (2B1 + 3v1)
¢ (2B1 +v1) (2B + 3y1)
Fe (B2 — 1) (BB2yr + u(4p, + Vl))l (77 + 5)
e(2B1 +v1) (2B + 3y1) n—e
Appendix B
The profit function of the manufacturer is:
MMC}X”M =(d¢+de)(w—c)—ba,— A (B.1)

The first order partial derivatives of the manutmet’s decision problem are calculated and set to
zero:

o od, ad, ) da,
M _ —)—p9— = B.2
ow (‘;’fd+ da)d+ (aw gw) W05, =0 (B-2)

Ty t
M _ — ) —1 = B.3
94 ( 94 ) w=c)=1=0 83
where
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ad P, 9
(’)_wt = (V1 % - (Bt V1)ﬁ> (kl\/a_ + kz\/a_e + ks\/z)
+ <k1 6\/61_ + k; 66 + k3 aa\/—> (ar — (Br +v)pe + (B2 — W)

ow
iy 5 + ¥1Pe)
= (1 2= By + 1) ) (vt + e + )
a./a, d VA
+ <k1 e + k; ;/;_ + +k; W) (ae — (B1 + Y1)De + 145 + V1De)

od, ks

A m(“r — (B1 +vpe + (B2 — S + V1Pe)

ad, ks

A 2\/—( ¢ — (B1 + e + (B2 — S + ¥1Pe)

da; —ki2By Fy,

w = GANI B+ ) 2 £ 7)1 - 67 [208 + 10+ )

+ (B, — w?

where

% _ (B1 +7v1)

ow (2B, +v1)

0P, _ (B1 +7v1)

ow (21 +v1)

Ja = “ 2068+ 1) (Bs + 1)+ (B = 7|

jt—_ 2@ ryora—o 1P g 1) 2~ H
d./a; _ —k1B1
T s el CAGRERICRY 4(ﬁ Gy G|

k F
Ve =5 Gy 27
d/ac _ —k1p1 F)

ow  2n,(By +v1)?(2B1 +71) (B2 +

We set the first order conditions of the mantufeer’s decision problem to zero and identify the

optimal global advertising and wholesale price fhe manufacturer. However,

as previously

mentioned, due to complexity of the resulting fiostier conditiodr,,/dA = 0 and dm,,/ow = 0,
we are not able to determid@ndwanalytically. Hence, we identify the optimal glolzdvertising

and wholesale price through illustrative example.
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