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significant benefits to the seller and the entlrarmel compared to U-model, especially under a bidime
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Keywor ds: Cooperative advertising; O20 supply chain; Bilatgaaticipation; Game theory

1. Introduction

Statistics show that 40 percent of worldwide in&tmusers have bought products or goods online via
desktop, mobile, tablet or other online devicessT@mounts to more than 1 billion online buyers &nd
projected to continuously grow (Statistics.com, @01 The transformative power of the internet counis
to revolutionize industry, with new and better waysloing business emerging on a daily basis. Qich,s

020 (Online to Offline), is making a splash in Ghiand also flourishing globally as an innovative

" Corresponding author: (Yongjian Liyongjian@nankai.edu.cn
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business mode. To simply put, O20 provides infoimmatservices, and booking discount to Internetsjse
who in return will be converted into the customefshe particular offline business partners. Thisibess
mode is particularly suitable to consumer goods amdvices, such as food and beverage, fitness,
movies and beauty salon. A typical example is MeitDianping, the largest group deals site in China,
selling online vouchers of a wide range of serViest®rtainment products with the cooperation of
providers conducting the services offline. In aiddit many firms initiate the consolidation of theurpply
chains by developing online trading platforms arffline experience shops. For example, SAIC, an
automobile manufacturing group in China, implemeatgsO20 business model by integrating 4S shops

with the website, www.chexiang.com, an online platf used to communicate with his consumers and

facilitate e-payments. In western countries, 020 mat only been evolved by groupbuying websites lik
Groupon and LivingSocial but also traditional braokd mortar retailers like Nordstrom and Walmart.

Since 020 identifies customers in the online spadecorporates online advertising techniques such
as web banner and interstitial ads. More recentiny 020 companies including Meituan-Dianping and
Ctrip have sought to merge their advertising messagto editorial content or valuable services ulio
social media or mobile advertising, together witiditional promotions used in brick-and-mortar ateln
from the seller or brand owner. Hence, a vitaléssuhow to balance advertising efforts online afiline,
as their influences can be intertwined in closatieh to the profits of O20 supply chain members
including the seller and the online platform ageXd. has been shown by both practice and literature,
vertical cooperative (co-op) advertising is a jaffort exerted by all members in a distributiorachel to
increase market demand and overall profits andritlze achieved by the upstream manufacturer sharing
portion of the downstream retailer’s advertisingstso In the current O20 environment, however, this
problem is obviously more complicated since it tedato the offline/online channel relationship whis
quite a delicate issue. For example, many platfdirms in China such as Meituan.com and
Ele.me (a platform that offers online food delivegrvice) ask the sellers to participate in theanpotion
and to bear a portion of the related expenditures guch activity enhances the customers’
willingness-to-pay through Internet, it may cut theller's profit seized offline and the overall exifs
remain unclear. For example, it is reported thatnduthe establishment of 020 systems Nordstrom and
Walmart have attempted to combat the ill-effects sfiowrooming” wherein customers come to the store

to just look at the products and go back home fuitionline.
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Motivated by above facts, this paper investigatesperative advertising strategies in an 020 supply
chain consisting of a seller and an online platfagent. The seller sells a product/service to eadket
through both offline channek., physical store) and online channel promoted byailpent. We develop
three cooperative advertising models: Integratioodeh (I-Model), Unilateral co-op advertising model
(U-Model), and Bilateral co-op advertising modeki®del). Then we derive the optimal decisions of
advertisement levels and participation rates betwke supply chain members, and explore how they ar
linked to the interrelationship between offline amaline channels and the online channel profit ehar
between the seller and the agent. Furthermore,oneare the advertisement levels and channel member
profits among three models, seeking to explorddhewing research questions: What are the relatigus
of the advertisement levels and demands among hitee tmodels? Can bilateral participation co-op
advertising leads to an improved system performaiocepared to unilateral participation? If so, wtfile
agent spontaneously join in such bilateral paritgn cooperation? How are these results relatati€o
influence of each channel advertisement to therathannel?

The problem in this paper mainly relates to tw@atns of researches. One is on the supply chain
co-op advertising using quantitative modelling aygmhes. The earliest literature is Berger (1972j th
establishes a mathematical model for vertical cadypertising problem on manufacturers' and rewliler
price discounts and shows the proposed quantitatinadysis can be applied in determining the optimal
decisions appropriately. Other works include Huang Li (2001), and Huanrg al. (2002), and Xie and Ai
(2006), which develop models to reflect differentyer structures and compare the corresponding ofays
coordinating advertisement activities within a ieatt supply chain. Zhang al. (2013) extend the popular
unilateral participation strategy in co-op advémtjsto bilateral participations and show that apeny
designed bilateral participation has several achgad over unilateral participation. Yeteal. (2006) extend
the model of Huanget al. (2002) by considering a price-sensitive demand studly the impact of
price-discount conducted by the manufacturer. Sother papers also incorporate pricing decisiong int
co-op advertising strategy, including Xie and Né&yi2009), Xie and Wei (2009), SeyedEsfahani et al.
(2011), Kunter (2012ktc. We refer the readers to Aust and Buscher (20143 faymprehensive review for
this research stream. Compared to the above lirerabur paper examines co-op advertising stragegie
under an 020 supply chain environment which invehMeoth online and offline channels under

consideration of their interaction, which differsrh the traditional vertical supply chain structuiée also
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investigate the performance of bilateral partidgnatin this O20 supply chain, which is the firsteatpt
among the related researches.

The other stream of research related to our paptiebmni-channel management which has received a
lot of attention in recent years. Ofek et al. (204tldy the impact of product returns on a multictel retailer
and examine how pricing strategies and physicaésiesistance levels change as a result of thé@udionline
outlet. Zhang et al. (2017) investigate a retaleliannel structure choice and pricing decisiorssapply chain
under three possible alternatives: a pure offlinennel, a pure online channel, and dual chann€lsoi et al.
(2017) explore online-offline fashion franchisingpply chains without channel conflicts with the dbpoints
on the choice of franchising contract and the angetime. Xu et al. (2017) consider an inventorglemishment
planning problem for retailers with online channstso are able to obtain advance demand informd#@1) in
an environment of time-varying demands. Gao and (&Zl7a) build a theoretical model to study the
implementation of BOPS (Buy-Online-and-Pickup-im®) and its implications on channel coordinatimmnf a
theoretical perspective. Gao and Su (2017b) furthady the information mechanisms that retailers ese to
deliver online and offline information to omni-chras consumers, who strategically choose whetheyatber
information online or offline and whether to buyogducts online or offline. Bell et al. (2017) exgdhe impact
of physical showrooms on consumers’ channel charm@find that it can be linked to a greater custonezd
for product information self-select into the phydichannel, leading to reduced online returns awcdeased
overall demand.

The paper is organized as follows. In the nextisectwe describe the problem and modelling
assumptions. In section 3, we study three cooperadvertising models in the 020 supply chaia,
I-Model, U-Model, and B-model, and derive the oglirdecisions of the supply chain members. In sectio
4, we compare the three models and provide botlytaoa and numerical results. Finally, we concluale

findings and discuss further research in section 5.

2. Problem Description

Consider a seller (can be a product manufacturex service provider) that uses both offline and
online channels to sell a product (or service)rd eustomers. The offline channel adopts direassaq.,

via bricks and mortar stores, while the online elegrpromotes through an online platform agent, like

www.meituan.com. The marginal profits for sellingrdugh offline and online channels ayg (the




customers pay offlinee.g., in brand store) angp, (the customers pay through the online platform),

respectively. The seller hence takes all profilirdfbut leaves a fractiond [1(0,1), of the profit online to

the agent, which is the major supply chain transagbattern for O20 business. We assume thesetgprofi
and sharing fraction are exogenous, since the fiegins of this paper is the advertising efforts loé t
channel members and their co-op advertising polidy. assumep,/p, 0(0,2) , which implies that the
online channel profit cannot overweigh the offlcaunterpart too much.

Denote by A and a, respectively, the seller’'s and the agent’s adsiag levels, respectively. The

consumer demand functions offline and online areotedl asg, and Q,, respectively, with the following

forms:

o =vA+k+a
q, =Va+kVA

This square root formulation of advertising resgoifisnction depicts the diminishing returns to

(1)

advertising expenditures and has been extensidgptad in marketing and OM literature, e.g. Fruchte

and Kalish (1997), Zhao (2000) , and Xie and WE0@). In addition, k; /K, represents the influence of

the online/offline channel advertisement to theeotbhannel. We assume that the seller’s advertiseme

offline always boosts the online sales, kp[1(0,1). On the other hand, the agent advertisement mag ha
positive or negative effect to the offline chandeinand, sok; can be positive or negative. Therefore, we

further assumek, LI (max[-p, / p,,—p,  p,,— 1],1), which implies that the cannibalism effect of oeli

advertisement to offline market, if exists, canhettoo intense. This relationship resembles thatdmn
the national advertisement made by a brand manu&acind the local promotion conducted by its ketai
in which the brand advertisement always benefits rittailer sales whereas the local promotion can be
detrimental to the manufacturglgrgensest al. 2003, Karray and Zaccour 2006).

We consider three types of cooperative advertisioglels. The first model is the Integration Model
(I-Model), in which the seller and her agent coaperin advertising in an integrated manner so ttinat
whole supply chain profit can be maximized. Theosecmodel is Unilateral co-op advertising Model

(U-Model), in which the seller not only makes iffline advertisement levelA but also shares a fraction



t, for the agent’s advertisement expendituie This is the usual pattern of cooperative advemtisnt in
current O20 practice. The second model is Bilatecabp advertising Model (B-Model), in which the
seller shares a fractiofy, for the agent's level, and versa vice, the aglsut bears a fractiort, for the
seller’'s advertisement. This bilateral co-op adsiny pattern may occur when the seller’'s adveriisat
promotes for the agent and thus benefits its mami@hinently. Consistent with the existing literate.qg.
Zhang et al. 2013), we call, and t, the seller’s participation rate (for the onlinevadisement) and the
agent's participation rate (for the offline adveetnent), respectively. In the decentralized mode¢sseller
is a Stackelberg leader who moves first (refercedst “"she”) and the agent is a Stackelberg falowho

acts accordingly (referred to as “"he”). We assuha all the demand and cost information is common

knowledge between two firms.

0, : Market demand offline

0, : Market demand online

A Advertisement level offline, decision variable

a: Advertisement level online, decision variable

k, : Influence factor of online advertisement to efidemand,k, J(max[-p, / p,,—p0, 1 p,],1)

k, : Influence factor of offline advertisement to erdidemand,k, [J(0, 1)

P, - Marginal profit offline

P, . Marginal profit online

@: Proportion of online profit for the ageng[1(0,1)

t,: Seller’s participation ratet, [1[0,1]

t, : Agent's participation ratef, [J[0,1]

rrij : Profit of firmi under co-op advertising modeli =1,2,[1 denotes the seller, the agent, and the

total channel, respectively, whilg =1,U,B denotes I-Model, U-Model, and B-model, respectivel

3. Mode Analysis

3.11-Mod€

In this section, we focus on I-Model in which bdkie seller and the agent agree to make decisions

that maximize the total channel profits. We havedhannel profit depicted as:
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T (Aa)=p0,+p,0,-A-a

2
= WA +ka) +p(a +kRrA-a @

+k
Theorem 1. In I-Model, the optimal advertisement levels offline and onlineare A" (,01 Z'OZJ and

2

* + + (K, +
a' :(WJ respectively. The demands offline and online are q1 = (k1 Do 1 2(k kz)p 2
2
and Q) = (k; +Dp 2;(k1+k2)'0 ! . respectively. And the channel  profit s

) +k2p2)2;r(k]pl+p2)2 A ag

Proof: In the formulation of the objective function (2)e two decision variables are not intertwined and

thus can be solved independently. Taking derivataieequation (2) with respect foanda, respectively,

we have
om_ P Kp, _
oA 2JA 2/A (3)
0 _kp, Po _4
9a 2Ja 2/a
and

FT__ p kP g

W_ ENISEPNIS (4)
ko P g
03 T W 4w

This shows that the objective function is convexhwespect tA anda, respectively. We thus can

obtain the optimal solutions by equalizing thetfoeder derivatives as zero, which yields the sohs in

2
q = (k? +1)'01-'-2(k +k2),02 , +1),01+k102>0 because

Theorem 1. Further note that

2,10,0(0,2). O

Theorem 1 provides closed-form solutions for théinopl advertisement levels and the resulting
demands of the offline and online channels, as aslihe entire channel profit. The following sewiit

results on the system parameters can also be ebtain



® The optimal advertisement levels are related toiker-channel influence factors. That is, the
optimal advertisement offline is increasing adrifiuence to online chann&} grows, and versa
vice. In addition, the optimal offline advertiserhénalways increasing with the marginal profits
of online and offline channelg; and p,, whereas the optimal online advertisement can be
decreasing with the marginal profit of offline cimah p;, when the corresponding influence
factor is negative.

® The demands offline and online are linear combamatif the channel marginal profjigs andpa,
and they are increasing with the influence factbrthe offline advertisement to the online
channel, K,. The online channel demand is also increasing thighinfluence factork, , while
the offline channel demand may not when this faistoegative.

® The channel profit coincides with the total adwenent expenditure offline and online, and

hence is increasing with both marginal profits #minter-channel influences.

3.2U-Mod€
We now turn to U-Model, in which the seller not piihvests her offline channel advertisement but

also bears a fractiom,, of the online advertisement. The profit functiafgshe seller, the agent, and the

entire channel are formulated by:

 (AL)=p0 +(1-0)p,0,- A-ta, (5)
73, (a) = 6,0, - (1-t)a, (6)
and 77° = 0,0 + P,0, ~ A-a (7)

The sequence of events is first the seller propdiesoffline advertisement leveh and the
participation ratet;, and then the agent determines the online adeeréist levela. Using a standard
backward approach to solve this problem, we hagddtowing result.

Theorem 2. In U-Model, the optimal advertisement levels offline and online are
- + 2
AU*:(MJZ and _u _ ((2 e)pjr Mlj’ 0<%k1+% with the participation

(%)2 , €lse
2



o (2_38),02+2l<1,01D(0’ 1), g<ﬁkl+g
rate for the sdler t; =1 (2-6)p,+ 2K 0, 3o, 3. The demands offline and

0 , €se
[(2-0)k +20-60) 10,420 +Dp, 20, , 2
onlineare qV* = 4 30, 3 and
,01+[9k1+(1-9)k2],02 , dse
2
2k +)p 226+ 2O, 20y, 2
@ = 4 30, © 3, respectively.
&M+W2@LWP2 | dse

Proof: Taking derivatives of equation (6) with respecatave have thatﬂ;J is a convex function o and

hence, equalizing the first order derivative toozgields \/5 zﬂ under optimality. Substituting

2(1-1)
it into the equation (5), we have
— _ _ 6o,k 0, +(1-60)0,] 1.6’ o3 _ 8
78 =[a+ -0k pNA- AT T sy (®)

In this objective function, the two decision vateb A and t, are not intertwined and thus can be

solved independently. Taking derivatives yields

0 _ p+A-0kp,

9A 2JA ©
anllJ — 9,02[2k1,01+(2—39),02]_ '[1(9,02)2

ot, 4(1-1,Y 2(1-t, ¥

o+ (1-6)k

2
We have 0 ﬂf =—
0A?

2
* + -
P2 <0 and consequently obtair\’ :(pl (@ 9)k2p2j by

A 2

. . . . . . a]]lJ *
equalizing the first-order derivative to zero. lddidion, we can see that— <0, so tf =0 when
1

2
62£k1+2; and 2 n; <0, so t/
30, 3 o,

*:(2_30)p2+2(1p1D(0,1) when 9<ﬂk1+g The
(2-0)p, + 20, 30, = 3

formulations of optimal advertisement online ané ttemands can be obtained accordingly. Note that

k,>0, so g; =va” +k,JA” >0 always holds. It is also easy to sef >0 holds when



] 2 2
k, =0, we thus only need to show,” >0 for k <0. This is true because whefl <ﬁk1 +— we

30, 3

have ¢

— - 2 2
- _[2-0)k +2(1-0)k, ], +2(k; +1)p, | XK p,+ 244<1+ Wiso  and  when

4

492ﬂk1+E we have @ = pHOHEOKL, L PKP2 10 gince k >-p,/p,.0
30, 3 2 4
Theorem 2 provides closed-form solutions for théno@l advertisement levels, the participation rate
of the seller for online advertisement, and the aleas of the two channels under U-model. The folhawi
results can also be obtained:
® The optimal participation rate depends on the prtigo of the online profit for the agenf. If
this proportion is lower than a threshold relatedkt and o,/ 0,, then the seller is willing to
share a fraction of the online advertisement exipredunder consideration of the relatively high
marginal profit of selling online, which leads ta anline advertisement level related to the
product of the influence factor of online adventiemt and the offline profit,klpl. In this case,
it is interesting that this advertisement levedésreasing with the proportio#. This is because
a higher portion of profit allocation for the agemtl increase his earned marginal profit which
enhances the advertisement level, whereas it @smedses the advertisement expenditure share
of the seller which discourages the advertisemewel! It turns out the latter dominates the
former, which implies the effectiveness of costrstgain motivating a higher advertisement level.
On the other hand, if the proportion of the onimefit for the agent is higher than the threshold,
then the online advertisement expenditure will bérely borne by the agent and thus only
relevant to his extracted profitjo, .
® The seller's offline advertisement level is inciegswith the offline marginal profito,, the
portion of earned online profi(l—&)p,, and the influence factor of the offline adventigant
K, .
® The specific forms of market demand under optimalgépend on whether the proportion of the
online profit for the agentd is lower than the threshold. In either case, thmahds are linear
combination of the marginal profits of offline andline channels; andp,, and they are always

positive which implies that both channels are z#iti.
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- (2-30)p, + XK\, 0(0,1) and

Corallary 1. In U-Mode, if k>0 and 8<2/3, we have t (2-0)p, + 2p
—0)p, 1

2
au*:((2 3),02"'2(1/01) , otherwise, if k<0 and 6=2/3, we hae t =0 and

4
al’ = (%T
2
Proof: We have H<M if k>0 and 8<2/3; otherwise, H>M if k<O
3p, 30,
and &> 2/ 3, which yields the result according to Theoreni 2.

Corollary 1 shows that if the online advertisemean also boost the offline sales and the agent's
online profit share is not very largé & 2/ 3), then the seller has incentive to share onlinedisement
expenditure to promote sales for both online afithefchannels. Conversely, if the influence of ddine
advertisement to the offline is negative and thenglg profit share is dominan@(= 2 / 3), then the seller

will not participate in the online advertisemenbperation. An intuitionistic diagram is shown byéiie 1,

which provides the region of zero or positive uteital participation rate for the seller mappinghatitvo

crucial parametersk, and &. It can also be seen the slope of dividing linprisportional to the ratio of

the offline and online profits,0, / p, .

I 0 o= §p1 P

' >
1 0 1 K

Figure 1. Region of unilateral participation rateppiag with k1 and @

3.3 B-Model

In the following we investigate B-Model, which emtts the popular unilateral participation

advertisement strategy to bilateral participatibatveen the seller and the agent. Intuitivelyhd offline

11



advertisement does have effect on expanding oshifes, the agent may have incentive to contribute t

portion of the corresponding expenditure. If s@ farticipation rate is denoted ds parallel to that of

the seller for the online advertisemefjt Under B-Model, the profit functions of the sellére agent, and

the entire channel are formulated by:

T (t,t,) = p0,+(1-0)pa,-1-t,)A-ta, (10)
3 (A@) = 6o,q, -t,A-(1-1)a, (11)
=00+ P4, A-a (12)

This B-Model relates to four decision variableglinling the advertisement levels offline and online
A and a, and the bilateral participation rates of theesedind agentt, and t,. According to Zhangt
al. (2013) considering a single vertical channel, éhare rules on the decision procedure that thelgupp
chain members in bilateral co-op advertising gaimeukl follow to avoid trivial game resultgge., the
game follower should not decide either member’sigipation rate, and any game player should make on
of its own decisions: its own advertisement leveparticipation rate, but not both. These rulesycaver
to our O20 dual channel model, as any violation Mdd to a trivial game. Since the seller is relgdras
the Stackelberg leader, we end up with the assompthat the seller first proposes the bilateral
participation ratest, and t,, and then the agent accordingly determines thertidement levelsA and
a.

Theorem 3. In B-Model, the optimal advertisement levels offine and online are

NI ((2—0)p2+2<1p1j2,e<ﬂk1+2
AB* :(( ) 2102 plj and a.B" — 4 3p2 3, respa:tively, with
% j , dse
(Z_w)p2+z<1p1|:|(o 1) e< 2plk1+
bilateral participation ~ rates  t¥ =1 (2-60)p, + %k,p, 3, 3 and
0 , €se
t = 20k, [0(0,1). The demands offline and online are

2 (2-0)k,p,+ 20,

(2-6)(k +k)p, + 204k )y 201k1+

o = 4 30,
(26K, + (2= 0, )P, + 20,
4 ’

and

ese

12



(2-6)a+ kzz)pz"' 2(k1+k2):01, 6 < 2'01k1+g

(13)

(14)

p = 24 3, , respectively.
(260+(2- 9)k2 ):02 + 2(2/01’ dse
4
Proof: Taking derivatives of equation (11) with respecAtanda, respectively, we have
aﬂf - kZHIOZ _t -
oA 2/A °
E:_sz —(1—t1): 0
da 2a
which yields
\/K - k.80,
2tZ
Go
Ja=_2
2(1-t,)

Substituting it into equation (10), we can see tiha two decision variable$, and t, are not

intertwined and thus can be solved independen#gyndd, we have

0 _ 6p,[(2ko,+ (2= 30)p,)~ (Ko, + (2-6)0,) |]

at, 4(1-1,)
aﬂiB — kG0 [26K0,~ (2P, + (2—9)k202)t2]’
ot, 4’

which follows
(2-%)/024'2(1,01 9<ﬂk1+2
tlB* = (2_ ‘9):02 + z(1:01 3p2 3
0 , dse .

On the other hand, we have
) 2000, 5.2 1,2
t; =< (2-0)k,0,+2p, 3,k, 3

1 , €se
: o1 :
Since —>—= and k,<1, it can be seen that#<1<
p, 2 3p, k
tB* — 20k2p2

2 (2-0)k,0,+2p,

13

st L2

2

(15)

(16)

(17)

always holds so

[1(0,1). Substituting them into equation (14) yields tipgiral solutions of A



and a , and ¢ and 0, depicted in Theorem 3. Also note thatA® >A” so
q° =A% +ka® > A’ +ka® = A’ +ka@’ =q; >0. O

Theorem 3 provides closed-form solutions for theino@l advertisement levels and the bilateral
participation rates between the seller and thetagwter B-model. The demands are also charactesizéd
the following results can be obtained:

® The optimal participate rate for the agent is pessiand it is increasing with the proportion of the

online profit for the agentd, the product of the online profip, and the influence factok,,
while decreasing with the offline profip, . In other words, the agent will be obliged to ghtair
share for the offline advertisement expenditurewher online earning is larger and this online
market is more sensitive to the offline advertisetndt is also noticeable that this participation
rate is irrelevant to the influence factor of thelime advertisement to the offline demand.
Moreover, the offline advertisement level is in@ieg with the online and offline profitgo,
and p,, the influence factork,, while decreasing with the proportion of the oaliprofit for
the agentd.

® The optimal participation rate for the seller ahd torresponding online advertisement level are

the same as those in U-model, which relate clowetie proportion of the online profit for the
agent 8. The online advertisement expenditure can be tmkiEm solely by the agent when this
proportion is lower than a threshold relatdd and p,/p,, which yields a lower
advertisement level.

® The specific forms of market demand also dependvbether the agent’s share of the online

profit & is lower than the threshold. In either case, tmahds are linear combination of the

marginal profits of offline and online channelgandp,, and they are always positive.

4. Moddl Comparison

This section compares the optimal decision vargahled the profits of supply chain members among
the three models. The closed-form solutions of slens and demands are listed in Table 1, with the

comparison results shown in Theorem 4.
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Table 1. The analytical solutions of decisions dathands among three models

U-Model B-Model
I-Model
Q<ﬂk1+g Qzﬂkl+g Q<ﬂk1+g 9<ﬂk1+g
30, © 3 30, = 3 30, = 3 30, = 3
[pl + kzpzf o+ 1-0)k,p0,Y p+A-0kp,) | ((2-0kp0,+20,) | ((2-O)kp,+20,Y
A 2 L 2 2 4 4
(klpﬁpzjz ((2—6)@ + 2k1p1]2 &, ((2—6)@ + 2w1]2 &,
a 2 4 2 4 2
] (2-30)p, + XK\, 0 (2-30)p, + XK\, 0
b (2-8)p, + o, (2-8)p, + 2o,
260K, p, 20K, 0,
t2 " " ) 2-0kp,+20, | (2-6)kp,+2p,
[(2-6)k, +2(1-6)k, 1, 2-0)(k +k,)0,
(kf Ha+k )0, 4 £+ +(:6)k,] o, 4 (26K, + (2= 6),)p, + 20,
e 2 L +Dp 2 L +Dp 4
2 2
[2-6+2k2(1-6)]p, (2-9)1+K)p,
K+a+kHo 4 k0, +[0+K3(L-6)] p, 4 (260+ (2-6))p, + %o,
% 2 L tk)p; 2 Lk tk)p, 4
2 2

Theorem 4. We have (i) t7 0(0,1),t% =t ; (i) A" >A%” >A” and " >a” =a” ;

(iii)

o > >dy , o >q” and ¢ +q, >q; +q5 >0 +q, , and there exist thresholds

k<k<0 suchthat g >q® when k >k;and ¢ >g” when k >k.

Proof. The comparison results of (i) and (ii) can be gagitained from comparing the analytical solutions

in Table 1. We also havel, >q; >q, , ¢ >¢ and g +q, >0’ +q5 >0, +q, from

A" >A% >A” and @” >a” >a” . Moreover, it can be proven thay, <g if and only if

k <-k, and q <gq; if and only if k <-2k,, when 0<%k1+%. On the other hand,

0,

= _~(1-6)p,+((1-6) p;’ - Wk,

20, 2
6=—""k +=
20,

30, 3

when , letting

and

~(1-6)p, ++/(1- 6} p,> - 40K,p.p, . .

k= 5 . we haveq” >q if k >k and ¢ >q” if k >k
2
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under the conditions(1-8)* > 26k,p, | p, and (1-8)*>46k,p, 1 p,. respectively k or k
should be the lower bound df, if the respective condition is not satisfied).]

Theorem 4 shows that I-model yields the highesherdnd offline advertisement levels among three
models, which demonstrates the superiority of cehmriegration. In comparison, B-model and U-model
generate the same patrticipation rate and advesiselevel of the online channel for the seller. elgrthe
main difference between these two models is thatdgBlel always leads the agent to participate in the
cooperative advertisement for the offline chanwlich results in a higher offline advertisementelethan
U-channel. Moreover, both the online channel denaamtitotal demand of the two channels are the bighe
in I-Model and the lowest in U-Model, respectivelyhich are the direct results corresponding to the
participation rates and advertisement levels. Wtien influence factor of online advertisement to the
offine demand is positive or the cannibalism effexcnot large, the offline demand in I-Model isal
higher than those in B-Model or U-Model. Hencepirthe perspective of both input and output, bikdter
participation in O20 advertisement cooperation lesal to a result that is closer to systematic ogtign
than unilateral participation from the perspectofethe whole supply chain channel. The price o§ thi
system performance improvement, however, is paithbyagent since he will share a portion of théneff
channel advertisement for the seller.

To see the insights more clearly, in the following focus on the profits of the 020 supply chain

members by numerical experiments, which is difficalanalyze through closed-form solutions. Theebas
parameter setting iso, =5 0,=8 9:{0. 3,0.7}k,0{-0.5,0.5} k, = 0.£. We use the following

symbols to denote the profit gaps among differenboperative advertisement models:

BtoU - UtoB -y ItoB n-m
Al =%—*J')x100% , AZ =(2T;*2)x100% , A =%x100% ,
z(nJ_nU)

and

A"V x100%, in which 77’ is the profit of firmi under co-op advertising modewhere

i =1,2,0 denotes the seller, the agent, and the total eharespectively, whilej =1,U,B denotes
I-Model, U-Model, and B-model, respectively. HencAfmU is the percentage of the seller's profit
improvement for B-Model compared to U-Model, whift"*® and A™" are those of the channel profit
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improvement for I-Model compared to B-Model and bdiél, respectively. Noting that the agent’s profit
under U-model is higher than that under B-model,use A;”OB to denote the profit loss for the agent
(which is a positive number) under B-Model comparetd-Model.
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We can see that the seller’s profit in B-Model lisays higher than that in U-Model, which indicates
the benefit of bilateral participation in coopevatiadvertising for the seller. Figure 2 shows that gap
between B-Model and U-Model are decreasing withittflaence factor of the online advertisement te th
offline channel, which implies that the seller tenchore to adopt bilateral participation if the asli
channel has a higher degree of cannibalistic eftetite offline channel. On the other hand, theefiieof

bilateral participation is more prominent for thelar when the offline advertisement is more effecin
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boosting the online market demand, as indicate#Figyre 3. Moreover, Figure 4 shows that the saller’
profit improvement is increasing with the proponmtiof online profit extracted by the agent. In otiverds,
the seller is more prone to the bilateral rathantbnilateral advertisement cooperation as a cosatiem

for the smaller share of online profit.
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Figure 6. The value &, as k, varies
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Figure 7. The value ofA2 as @ varies

Figures 5-7 indicate that the agent’s profit in Wbdl is always higher than that in B-Model, which
suggests the reluctance of cooperation in thenefffidvertising for the agent. Figure 5 shows thatgap
between the two models is decreasing (when theoptiop of online profit for the agent is small) finst
irrelevant then decreasing (when the proportiomrdine profit for the agent is large) with the urghce

factor of the online advertisement to the offlitacnel, and Figure 6 shows that this gap is inorgasith
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the influence factor of the offline advertisemeamthe online channel. Furthermore, we can see Fgure
7 that the agent will be more reluctant in paratipg the bilateral cooperative advertisement asshe

allocated with a smaller portion of the online jtrof
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Figures 8-11 illustrate that the entire channeal&ipin 1-Model is higher than that in B-Model, v
is in turn higher than that in U-Model. This resgtbmbined with Theorem 4, shows again the advantag
bilateral participation over lateral participatifnom the perspective of channel overall performarices
also shown that the profit improvement through ciehrintegration can be increasing, decreasing, or
zigzag with system parameters such as the interaghanfluence factors and the profit allocationtlioé
online channel. Generally speaking, the gap betweaeadel and B-model is marginal when the agent's
share of online channel profit is small, which ireplthat bilateral advertisement participation nagcdm

in 020 supply chain system can achieve a quitsfaatory system improvement when the seller is the
19



dominant party for online sales. In contrast, Fégu®-11 show that the gap between I-Model and Ué¥lod
is particularly observable when the impact factbthe offline advertisement to online channel ahd t
agent’s proportion in the online channel profit &rge. This result indicates the deficiency oflateiral
cooperative advertisement as a performance imprememechanism for the 020 dual-channel supply

chain.

5. Conclusion

Cooperative advertising is a cost allocation meigmamwidely adopted among supply chain members
in a vertical supply chain. However, the prevalen€®20 business mode requires new research on the
effect of the corresponding advertising strategieder consideration of the inter-channel relatigmshhis
paper fills this gap by developing three coopegatadvertising models including Integration co-op
advertising (I-Model), Unilateral co-op advertisifig-Model), and Bilateral co-op advertising (B-Mdye
in an O20 supply chain consisting of a seller amarline agent. We derive the equilibrium solutiaris
the three models with the sensitivity analysishe trucial system parameters, and provide compariso
results on the effects of U-Model and B-Model imtast with I-Model. We find that from the perspeet
of the entire supply chain performance, B-Model ad to a result that is close to systematic cgttgn
especially with a low online profit proportion fdine agent. In contrast, U-Model provides the lowest
channel profit among three models, which indicate#ateral co-op advertising is hardly effective as
channel coordination mechanism. However, it is shthwat the rise of the seller’s profit in B-Modsl at
the expense of the agent since the agent can eam® im U-Model without the participation in offline
channel advertisement cooperation. This providesx@fanation on why the bilateral participationrisre
of a theoretical co-op advertising scheme whilegtd use in industry is scarce and may need amegtidi
specific terms (Zhangt al. 2013).

This paper can be regarded as a starting poirgtfiotying the supply chain advertising and marketing
strategy in O20 era. Future researches includengdubore factors such as pricing and service detssio
into the model. A challenge in this regard is téadi analytical results as the problems will becarmae
complicated to resolve. In addition, we can furtteemsider the issues including market demand
randomness, information asymmetry between suppfincmembers, and multi-step dynamics. Finally,

combining the problem with behavior factors suclsteategic response of consumers and fairness cmce
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between supply chain members is also a promisihgguesearch directior,g., following the research

line of Yanget al. (2013).
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