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Abstract

Since the development of the Internet, thousands of maturéxs have been referring consumers
visiting their websites to some or all of their retailers.rdigh a model with one manufacturer and two
heterogeneous retailers, we investigate whether it is aililgum for the manufacturer to refer con-
sumers exclusively to a retailer or nonexclusively to betfaiters. Our analysis indicates that nonexclu-
sive referral is the manufacturer’s equilibrium choicehié referral segment market size is sufficiently
large; otherwise, exclusive referral is the equilibriunoice. In exclusive referral, the manufacturer
would refer consumers to the more cost-efficient and smadliler. In the presence of infomediary
referral, it is less likely for both exclusive and nonexdkesreferrals to be an equilibrium, as the info-
mediary referral segment grows. We also show our qualéatgults are robust even if there were price
discrimination among consumers, referral position digpdocal consumers, and asymmetric referral
market sizes.
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1 Introduction

More and more consumers are shopping online. Accordingtevdative Media in Retail Group, “Global
business-to-consumer e-commerce sales will pass thdidnt@uro ($1.25 trillion) mark by 2013, and the

total number of Internet users will increase to approxityades billion from around 2.2 billion at the end
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of 2011” (Montagim 2012. Owing to the overwhelming volume of information, howevitris almost
impossible for any consumer to digest all available infdioraand find all retailers of their particular inter-
est. As the consultancy firm, Interbrand, puts it, “In a wavldere consumers are oftentimes overwhelmed
with information, the role a brand plays in people’s lives l@come all the more important to ensuring a
business’ overarching successitérbrand 2012. When searching for certain brand names, consumers are
oftentimes led to manufacturer websites. For example, veeanching “Acer monitor” or “Thinkpad” or

“iPhone” on Google, the first resulting item is the link to tleéevant manufacturer's homepage.

To grasp a share of the lucrative online retailing, many rfecturers bypass retailers and sell directly
to consumers. While online direct channels can yield moo@itgrfor manufacturersGhiang et al. 2003,
their addition likely causes channel confli@d], 2010. As Home Depot claimed in a letter to more than
1000 of its suppliers, if they add direct channels, Home Déps “the right to be selective in regard to the
vendors we select ... a company may be hesitant to do businéssgs competitors” Brooker, 1999. As
a matter of fact, Home Depot is not alone. Accordingstmndin(2011), “in a recent survey conducted by
Shopatron, 64 percent of retailers confirmed they wouldaedwu stop buying from brands that decided to

sell direct on their website[s].”

To avoid direct channel conflict, numerous manufacturetfampmanufacturer referrglwhere manu-
facturers refer customers visiting their websites to sopeeific retailers. For example, PlayStation website
refers its consumers to GamesStop, Target, and a couple ef spiecific retailers for purchases; and Xbox
360 online consumers are referred to retailers such as &edrsmazon. Even though some manufacturers
have launched their own direct channels, they maintaimr teétrral services, such as the “where to buy”
highlighted on the homepage of Acer.com, the “Service Liooat on Samsung.com, and the “store-locator”
on Nike.com. In fact, thousands of seemingly “direct chdshsuch as those of Alpine Electronics, Bosch
Home Appliances, Outdoor Gear, and Suzuki Motorcycle, ataadly operated as manufacturer referral
because their orders are fulfilled by so called “retailgmé¢ed e-commerce.” ASrondin(2011) described,
“Shoppers come to your branded website, research prododtsake their purchases. ... Once the sale is
completed, the transaction is handed off to a retailer irbther's area who fulfills the sale.” In some indus-
tries, manufacturers have to fully rely on manufactureemefl because of legal regulationSHose et aJ.
2007. For instance, manufacturers in the auto industry areipiteld by franchise law from selling directly

to consumers. Therefore, car manufacturers like Ford anch&h built their own referral websites such as



FordDirect.com and GMBuyPower.com.

There are two types of manufacturer referralexclusive referrglthe manufacturer refers consumers to
only one retailer. When there are more than two retaileesséimse of exclusiveness can be extended to more
than one, but not all, retailers. This type of referral isrepéfied by direct “product-to-product” links from
the manufacturers to their online retailers and some reti@igrated e-commerce where the manufacturers
authorize an exclusive retailer or a selected few to shiprakrs Grondin 2011). Many manufacturers,
like Xbox360 and PlayStation, provide a list of some, butaibtof their retailers. Imonexclusive referral
the manufacturer refers consumers to all retailers. Fdafmte, auto manufacturers usually provide an
exhaustive list of dealers online. Acer also provides a rduoeive list of its retailers on its Acerstore
homepage. Other nonexclusive referrals include the “Serkbcations” on Samsung.com and the “store-

locator” on Nike.com.

Obviously, both exclusive and nonexclusive referrals egmmanufacturer’s product to new consumers
and, hence, can benefit both the manufacturer and the mfertailers. However, few have discussed
which referral type the manufacturer should implements Ktrategically relevant for the manufacturer to
understand under what conditions to adopt exclusive i@ferrnonexclusive referral, in order to optimize

its profit.

To address these concerns, we investigate a supply chaielmitti a manufacturer and two hetero-
geneous retailers, differing in terms of their market siaed operational costs. Both retailers compete in
a traditional market segment, where consumers already kv retailers and may choose to purchase
from either retailer. In addition, new consumers visitihg tmanufacturer’'s website — the referral segment
— are referred to either one or both retailers. In the firgiestaf the game, the manufacturer first chooses
the referral type, either exclusive or nonexclusive, ardréferred retailer(s) decide whether to accept the
referral proposal. The resulting referral type constract&quilibrium choice, if both the manufacturer and
the referred retailers agree on the referral deal. In stage the manufacturer determines the wholesale
price, and finally the retailers determine their respeatitail prices. The whole game is solved backward

and characterized in subgame perfect equilibrium.

Our analysis shows that the nonexclusive referral can bedhb#ibrium choice as long as the referral

segment is sufficiently high. The nonexclusive referradteto bigger realized demand than exclusive



referral, because consumers are exposed to both retaigraay choose where to buy. The bigger demand,
however, stimulates the manufacturer to increase the walgerice, which subsequently worsens double
marginalization in both channels. In a trade-off, if theeredl segment is sufficiently high, the benefit of a
bigger demand surpasses the loss of double marginalizdimmioration, such that the manufacturer prefers
nonexclusive referral; otherwise, the exclusive refegahore profitable than the nonexclusive referral for
the manufacturer and becomes the equilibrium choice. Itusixe referral, the manufacturer’s referral
preference for a specific retailer is more sensitive to bethilers’ operational costs than their initial market
sizes. The exclusive selection of a specific retailer algedds on channel substitutability level. If channel
substitutability is low, it is more likely that the more ceafficient retailer would obtain the referral offer;
otherwise, the smaller retailer would have the edge. Medaydxclusive referral to the bigger retailer may
result in less efficiency for the supply chain that includes tmanufacturer and two retailers, because of

relatively lessened horizontal competition compared wiblusive referral to the smaller retailer.

Our extended analysis demonstrates that our above givaitasults hold when we change the equal
pricing in the baseline model to unequal pricing, when camexns have different evaluations of the positions
on the referral list, or when the referral market sizes ayenasetric to the retailers. When there exists a
group of local consumers who are aware of only one retailoreehe manufacturer referral, it is more
likely for the manufacturer to choose exclusive referratromonexclusive and to choose no referral over
exclusive referral as the market size of local consumensgrbecause a bigger segment of local consumers
downplays the significance of manufacturer referral. Thénnresights are also sustained in the presence
of a referral infomediary where a third-party search engefers its consumers to retailers. In general, the
presence of a bigger infomediary referral segment morefgigntly shadows the importance of manufac-

turer referral.

The literature about online referral is relatively recentl @mall. Chen et al (2002 focused on info-
mediary referral and, theoretically, showed a price disiration effect generated by the referral services.
They suggested that exclusive referral outperforms ndusixe referral for the infomediary. They further
pointed out that, if the referral market (reach) is so big ttmmpetition between retailers becomes too in-
tense, no retailer can benefit from the referral. Based orxtamsive secondary data set of about 27900
samplesyiswanathan et a(2007) suggested that, with an infomediary referral, “a traditib(auto) dealer

can benefit from using these different categories of infaarezs as complementary referral mechanisms.”



They developed an analytic model based on Hotelling cortipetiand identified three different kinds of
infomediary referrals in terms of price, product, and poctasters of consumer usage patterns. They fur-
ther utilized extensive data to justify their results, ahdvged that consumers obtaining price information
tend to pay less while those obtaining product informatemdtto pay more. HoweveYjiswanathan et al.
(2007 did not provide analytic results regarding whether a nchestve referral outperforms an exclusive
referral for manufacturer referral. Although infomediaeyerral and manufacturer referral share some sim-
ilarities (e.g., the competition at the retailer level is Bame), the revenue flow is apparently different at the

manufacturer level.

Another type of referral is in-store referral, where a letagxposes its consumers to its rivals by dis-
playing the links to the competing retailers directly (direeferral), or display the referral link provided
by a third-party advertising agency (third-party referi@ai and Chen2011). Through a model with two
competing retailersCai and Cherf2011) demonstrated that both retailers can be better off in eithe-way
or two-way in-store referral, but possibly at the expensthefconsumers, because the referrals may align
the retailers’ incentives and facilitate implicit collosi Different from in-store referral, our paper focuses

on referral from a manufacturer to two competing retailers.

To the best of our knowledge, the paper Bhose et al(2007) is the sole modeling work on manu-
facturer referral. Through a model with a manufacturer amal tetailers,Ghose et al(2007) compared
infomediary referral, manufacturer referral, and a migtof both. They suggested that “the manufac-
turer is equally well off enrolling only one retailer as itegrolling both retailers.” They explained that the
manufacturer might want to keep all retailers in the refdveause some retailers can be better off. It is
worth noting that their work is based on symmetric retailgith identical initial market size and operation
costs. In reality, asymmetric settings have been widely sedere initial market sizes and operational
costs are not identical, and retailers are not perfecthgtiubable because of their different store features
(seeBrynjolfsson and Smitti2000 andBrynjolfsson et al(2003). As Brynjolfsson and Smitl2000 put
it, “While there are a variety of potential unobserved fetatcharacteristics, one promising candidate is
heterogeneity in the “trust” consumers have for the varimtisrnet retailers and the associated value of
branding.” We demonstrate the retailer heterogeneousnegsble 1, which shows several products sold
by three major retailers who are frequently referred by nfecturers and differ in online market sizes and

prices. Theoretically, the cost heterogeneousness islated with the price heterogeneousness because a



higher operational cost typically leads to a higher retade

Table 1: Heterogenous retailer online market sizes (omBmenue in 2013) and retail prices.

Company
Amazon.com  WalMart.com Staples.com
(market size)
($74.5B) ($9-10B) ($11.5B)
Product
Acer C720-2420 Chromebook 229.00 229.00 252.49
Ipad mini(16GB) 279.95 269.00 299.00
Sony Playstation 4 399.00 399.00 399.00
Canon PowerShot SX170 149.00 149.00 173.00
Netgear WNDR3400 N600 Wireless Router 72.80 79.99 79.99
Microsoft Office Home and Business 2013 219.00 219.00 219.00

Source: The data is from Amazon.com, Walmart.com and Stayjgm; accessed on 05/04/2014.

Our results differ from those dghose et al(2007), by suggesting that exclusive referral and nonexclu-
sive referral are not equivalent for the manufacturer wiymametric retailers. In their model, retailers tend
to price the same in order to equally share the market undéegbecompetition. In our model, retailers
are heterogeneous and not perfectly substitutable. Asudt,restailers can price differently to maximize
their profits. Our study complemen@&hose et al(2007) from a different perspective by showing that the
interaction between heterogeneous retailers does affeahtinufacturer’s referral selection and, thus, the

manufacturer’s referral strategy diverts accordingly.

The literature related to generic retailing and Internetoeerce is enormous. Researchers have explored
both from different perspectives, such as product devetoprf©hen and Seshag@i007), keyword auctions
(Chen et al. 2009, supply chain modelsSivaminathan and TayuR003, and pricing Gaur and Fisher
2005, among many others. Since our paper has focused on twbngtelhannels and a referral channel, in
particular, multichannel competition is a related areasdechers have studied the impact of a direct chan-
nel (Chiang et al.2003 Hsiao and Chen2013, advertising Liu et al, 2014), the role of an intermediary
retailer McGuire and Staelin1983, effectiveness of equal pricingéttani et al. 2006, channel coordi-
nation Qesai et al.2004 Ryan et al. 2012, and optimal control of selling channel€l{en and Seshagri

2007, among others. We refer interested readers to compreteersiiews byCattani et al.(2004) and



Tsay and Agrawa{2004 and a monograph byhgene and Parrg2004). Due to their special focus, these

papers do not directly address manufacturer referral.

Our work contributes to the literature in two main aspectsstfFour work is the first to provide a com-
prehensive comparison of exclusive and nonexclusive naaturer referral with heterogeneous retailers.
Our results are consistent with the industry practice tludi lexclusive referral and nonexclusive referral
coexist. We further provide conditions where a certainrraféype will generate more profits for involved
firms. This observation could be useful for manufacturergmbelecting a certain referral type. Second,
we also study the impact of referral position priority, thegence of local consumers, asymmetric referral
market sizes, unequal pricing, and infomediary referralese extensions demonstrate the robustness of our

main qualitative insights and provide subtle directionsm@nufacturers to adjust their referral strategies.

The remainder of this paper is organized as follows. We ptetbe model in Sectio@ and compare
exclusive referral to nonexclusive referral in Secti&in Extended discussion on the impact of unequal
pricing, referral position priority, local consumers, oniediary referral, and asymmetric referral market

sizes is included in Sectioh We conclude in Sectiof and all proofs are relegated to the Appendix.

2 TheModd

We consider an e-commerce environment where a manufasteiteiits product through two retailers. The
retailers are heterogeneous in the sense that they arerfetthesubstitutable because of their unique brand
names, service levels, shipping policies, return polj@es/or other store features. Accordingly, their initial
market sizes and operational costs are not identical inrgeneEhe manufacturer owns a website attracting
a special group of consumers seeking product informatiahpamchasing outlets. Because of regulation,
concern over channel conflict, avoidance of business digira and/or location issues, the manufacturer
does not sell the product on its own website, or, even ifrsglirectly online, it will rely on the retail-
integrated e-commerce. It now faces a choice of referriagvibiting consumers to two (i.e., nonexclusive
referral), one (i.e., exclusive referral), or none of iteilers. The referral decision is based upon whether

or not a certain referral type is more profitable than thersthe

In line with Balachander et a{2010), Chen et al(2002, andGhose et al(2007), we assume that con-



sumers are grouped into two independent market segmeadktidnal and manufacturer referral. In the
traditional segmentconsumers already know both retailers and may choose thase from either retailer.

In themanufacturer referral segmerdonsumers visit the manufacturer's website and will pasehfrom the
retailer(s) referred by the manufacturer. These referomdumers can also be deemed to be manufacturer-
loyal consumers who take the manufacturer’s referral gstyoand would purchase only from the referred
retailer(s). The assumption of segment independence allevto obtain tractability, and is consistent with
the informed/uninformed consumers Ghose et al(2007) and the comparison/non-comparison shoppers
in Chen et al(2002. In practice, some consumers belong to both segmentsatisitnation, we treat these
customers as part of the traditional segment because tregdglknow the retailers. A relaxed assumption
of mixed market segments does not alter our qualitativglrisi In Sectiort.3, we show that our qualitative

results hold if some consumers know only one retailer padghé manufacturer referral.

To characterize demand for both retailers, we adopt ayufilitction of a representative consumer from
an aggregate demand perspective in each market segmeriie traditional segment, the representative
consumer’s utility minus the purchase cost is given by

Uy =Y (oDyi — D} /2) = 0D Dyy — Y piDy. @)

i=1,2 i=1,2

We use subscriptt?” to represent Retailer in the traditional segment, and;” the other retailer, where
j =3—1,i =1,2. The termay; represents the initial market size for Retailén the traditional segment
given that both retail prices;, « = 1, 2 equal zeroay; also reflects the representative consumer’s preference
for purchasing from Retailer and captures consumers’ loyalty and value-adding servara Retaileri.
The term D,; denotes realized demand for Retailei = 1,2, in the traditional segment. The teréh
(0 < 6 < 1) denotes channel/store substitutability. Wien- 0, the channels are purely monopolistic;

while 6 approaches, the channels converge to purely substitutable.

The utility function (i.e.,>,_; (c; Dy — D% /2) — 0Dy Dyo) was first introduced bgpence(1976),
Dixit (1979, andShubik and Levitar{1980, and has been widely utilized in the literature (& et al,
2012 Ingene and Parry2007 Lus and Murie] 2009 Singh and Vives1984). The term “representative
consumer” is drawn from the economic notion of “a fictionaliuidual” (Mas-Colell et al. 1995 Chapter
4) and can be considered as a “theoretically average com$@mgene and Parry2004, Chapter 11). The

utility function implies that the value of using multiple lsstitutable packages is less than the sum of the



separate values of using each package by it&din{uelson1974. The consumer utility decreases as
products become more substitutable. The utility functilso @ncompasses the classical economic features
of diminishing marginal rates of substitution and dimimmghmarginal utility. The representative consumer

paysZi:L2 p; Dy; supposing it has sufficient budget.

Maximization ofU; yields the demand for each retailer in the traditional segras follows:

ay; — Ooy; — pi + Op;
1—62

Dy = j=3—1i,i=1,2.

This demand function resembles the typical linear demandtions commonly used in the literature (see,
e.g.,Choi 1991andMcGuire and Staelin 1983 Different from that inChen et al(2002 andGhose et al.

(2007, the lower-price retailer does not always capture all dedna

Similarly, in the referral segment, the second represigatabnsumer’s utility minus the purchase cost
is given by

Ur = Z (Oé”‘D”‘ B D72‘2/2) — 0Dy Dro — Z PriDri, (2)
=1,2 i=1,2

whereq,; is the initial market size for Retailer= 1, 2, in the referral segment and,.; and D,., are the
corresponding realized demand. We use subscrifittd represent Retailei in the referral segment, and
“rj” the other retailer, wherg¢ = 3 —i,7 = 1,2. For conciseness and tractability, we adopt a symmetric
setting thatn,; = a,,,, i = 1,2, whereq,,, denotes the maximum potential referral market size supgosi
only one retailer is present. The reason for adopting thersstric assumption is mainly because the con-
sumers do not know the retailers in advance and are assunhetttoo presumed preference toward either
retailer. We consider an asymmetric setting in Secfidn\We letp,.; denote the price in the referral segment
by Retaileri, which equals; under equal pricing. As i€hen et al(2002 andGhose et al(2007), each
retailer’s retail price is the same for all segments, that.is= p;. To avoid channel conflict, more and more
retailers choose to honor channel price consistency byusinal pricing. Because of market segmentation
and equal pricingy,,, must be sufficiently large to warrant profitability of manctiarer referral for involved

firms; otherwise, firms may opt for non-referral.

Maximization ofU,. yields the demand for each retailer from the referral segmare specifically, in

the exclusive referral to Retailérwe have

D,; = oy — Dri and DTj = 0.



Demand under nonexclusive referral is given by

(1 - H)OZm — Pri + Hpj
Dm’ = .
1— 02

Therefore, the total demand for Retaileis D; = D;; + D,;. For meaningful discussion, each retailer’'s

demand must be nonnegative.

To characterize profit functions, we assume each retai@mrsnan operational cost;,7i = 1,2 per
item. The manufacturer charges the same wholesale pride, both retailers, which is consistent with the
Robinson-Patman Act. We assume no manufacturer refegahigich has been commonly seen in practice,
such as in the auto industrhose et a).2007), mainly because the manufacturer earns more profits from

wholesaling. Therefore, the profit functions of the retailand the manufacturer can be described by

II, = (pi—w—¢)(Dy+ D),

2
i=1

In the first stage of the game, the manufacturer choosesftrealdype, either exclusive or nonexclusive,
and the referred retailer(s) decides whether to acceptetieeral proposal. If the referred retailer(s) agree
upon a certain referral type chosen by the manufactureryéfierral type becomes an equilibrium choice. In
the second stage, the manufacturer determines the wimlased as a Stackelberg leader and, in the third
stage, the retailers determine their respective retaieprin a Nash subgame. The game is solved backward

resulting in a subgame perfect equilibrium.

3 Equilibrium Analysis

We start with the case without referral, then nonexcluseferral, and then exclusive referral. Finally we

study the equilibrium referral decision by comparing the§r profits among these referral types.

3.1 NoReferral

In this benchmark, the manufacturer refers no customersthereretailer. As assumed, in line with

Balachander et a[2010, Chen et al(2002), andGhose et al(2007), the referral segment is independent

10



of the traditional segment. Therefore, the retailers séetbe traditional consumer provided that there is no
referral. We use superscript “nr” to denote this no-refarege. The following lemma describes the players’

equilibrium strategies in this subgame.

Lemmal Inthe no-referral case, the equilibrium is given by

nro (10+9 (1 — 49)) Qy; + (6—9) ci+ (2 — 39) (Oétj—Cj)
bi = 4(4—62) ’

1
w" = Z(Oét1+04t2—01—62),

(ap + g — 1 — ¢3) 2
32— 0)(1+0)

nro__
I, =

Without referral, the retailer with a larger initial marlgze ;) charges a higher price. The more cost-
efficient retailer (i.e., the one with a lower operationastag) prices lower to catch a larger market share.
The manufacturer’s wholesale price and profit increase thighretailers’ initial market sizes but decrease

with the retailers’ operational costs.

3.2 Nonexclusive Referral

Consider the nonexclusive referral where the manufacrefers consumers to both retailers. In the game,
the manufacturer first offers the referral, and then bothilet decide whether or not to accept the offer.
Nonexclusive referral, superscripted by “ne,” is formedlyahboth retailers accept the referral offer. After
that, the manufacturer determines the wholesale price aatlyfithe retailers determine the retail prices.

Solving the game gives us the following lemma.

Lemma 2 In nonexclusive referral, the equilibrium is given by

. (1046 (1 — 40)) ai+2 (6—0) ci+ (2 — 30) (arj—2¢;) +2(6 — 0 — 20%)
b; = 8(4—92) y L= 1727

1
w™ = <(apntapt22am,—2c—2c),

8
(20tm+ay+ap—2c —202)2

T = 16(2—0)(1+0)

In nonexclusive referral, both retail prices increase wiferral segment market size;,f) because
of an extra premium endowed by the referral segment. Theeasht# price also increases with the re-

ferral segment market size, as does the manufacturer'st.pr@fiven that0 < 6 < 1, we find that

11



ap;(ze . 2(6—6—292) w1 .. Bp?e o (10+9(1—49)) ow™ __ 1
o =807 > dam =1 Similarly, we haveaati_ (=07 Doy =3 These results show

that the retail price increases more quickly than the whale grice asy,,, anday; increase, that is, the dou-

2(6—6—262)
8(4—02)

(104+6(1—46))
8(4—02)

ble marginalization is worsened as the market sizes grovease and decrease

with 6 € [0, 1), however, the double marginalization reduces as the haazeompetition intensifies.

The referral segment creates a new competition front foreteslers. If the referral segment market
size () is sufficiently large, the retail prices and the wholesalegwill exceed those without referral.
Otherwise, the retailers may reduce their retail priceotomete for the referred consumers; subsequently,
the double marginalization can be lessened. This is notssadé/ beneficial for the manufacturer, since the
wholesale price is subdued. Therefore, the referral segmarket size must be sufficiently large to allow

the manufacturer to benefit from the nonexclusive referral.

3.3 Exclusive Referral

In exclusive referral, the manufacturer refers consumemity one retailer, either Retailéror Retailer2.

In either case, the manufacturer first determines whiclieeta refer, and then the referred retailer decides
whether or not to accept the offer. After that, the manufaectdetermines the wholesale price and finally the
retailers determine the retail prices. Similar to the nahesive referral, the retail prices and the wholesale

price increase with the referral segment market size anttadé@ional market sizes.

Comparing the manufacturer’s profits between exclusiverralf and the non-referral results in the fol-

lowing observation.

Lemma3 In the exclusive referral to Retailér there exists a lower-bound thresho&ﬁf, such that exclu-

sive referral to Retailei is the equilibrium choice if and only if,, > &%?, as compared to no referral.

To establish an exclusive referral, both the manufacturditiae referred retailer must be more profitable
than no referral; otherwise, the disadvantaged party veilkboff. Similar to the nonexclusive referral,
the referral segment market size,() must be sufficiently large for an exclusive referral. If tiederral
market size is too small, the referred retailer can be htineeiby a reduced retail price to appeal to the
new exclusively referred consumers or by a higher wholgsaée caused by additional demand from the

referral segment. In this situation, the benefit of addalodemand cannot compensate for the loss of

12



marginal profit. The situation could be worse if the otheaitet charges an even lower retail price. Due to

heterogeneousness, the thresholds of the referral méazketre different for the two retailers.

Two comparative concerns arise: 1. Should the manufactafer customers to the more cost-efficient
retailer or the less cost-efficient retailer? 2. Should tlamuofacturer refer customers to the bigger retailer or
the smaller retailer? We compare the profits of the manufectn two different cases where either Retailer

1 or Retailer2 is chosen for the exclusive referral, and obtain the follmuviesult.

Proposition 1 Supposer,, > max{a%! a%2}. For the manufacturer, exclusive referral to Retailer 1

outperforms exclusive referral to Retailer 2 if and onlydfs — ay1) + g(‘l—j‘f; (c2 —c1) > 0.

Because retailers are heterogeneous, the selection ofciusier retailer depends on both retailers’
traditional market sizesof;) and operational costg;). To single out the impact of initial market sizes
and operational costs, we consider two special cases. iethders have the same initial market size (i.e.,
ap1 = ayo), referring to the more cost-efficient retailer (i.e., loveperational cost) is more profitable for
the manufacturer. The reason is that referring consumetfsetmnore cost efficient retailer yields a larger

realized demand, since the more cost-efficient retailergesaa relatively lower retail price.

If the retailers are of the same cost efficiency (ig.= c¢2), referring to the smaller retailer is more
profitable for the manufacturer. This result is somewhamntaintuitive, since one might argue that the
bigger retailer has the edge. The rationale is that refgtorthe smaller retailer leads to a relatively lower
retail price than referring to the bigger retailer, whichias rise to a bigger overall realized demand. While
a bigger market size typically earns the advantage in chamepetition, our finding indicates that being
smaller is not always a disadvantage, especially consigié¢hie potential for earning an exclusive referral

position from the manufacturer.

In reality, we do observe that some manufacturers refenurnass to small retailers. For example, Acer
refers its customers to a small retailer, DR globalTech ftiie authorized reseller and merchant of the
products and services offered within this [Acer] store.thdlugh to avoid conflict with big retailers or for
easier implementation, manufacturers may refer consutodsig retailers, our finding suggests that doing

S0 is not necessarily in the best interest of the manufasture
When both initial market sizes and operational costs beaamegual, there is a tradeoff between them

13



if they vary in opposite directions (e.@v;1 > aye bute; < ¢2). If the manufacturer would select the bigger

retailer, its operational cost must be sufficiently low torgeensate for the disadvantage rendered by its
bigger initial market size. Note thg{l% strictly decreases withh and crosses the unity line (i. T +9)
1) atd = 0.88. This implies that when the channels/retailers are moreapalistic (e.g..f < 0.88), the

operational cost carries a higher weight than the initiatkeisize in the tradeoff.

Propositionl is based onv,,, > max{a%!, &%2} such that all participated firms benefit from the exclu-
sive referral. Ifmin{aL! 4.2} < a,, < max{aZ! a%2}, however, exclusive referral to Retail2icould

emerge as a better choice for the manufacturer evendf— ;) + 9( co — c1) > 0, because Retailer

e

1 would turn down the referral offer.

3.4 TheEquilibrium Referral Choice

We are now in a position to explore whether a certain reféyra is the equilibrium choice. The manufac-
turer may choose nonexclusive referral, exclusive refféora specific retailer, or no referral. By comparing
the firms’ profits in nonexclusive referral, exclusive refito Retailer 1, exclusive referral to Retailer 2,

and no referral, we obtain the following result.

Proposition 2 Supposéa;s — ay1) + ;1(_1—?’% (c2 — 1) > 0. There exist threshold values!! andaZ?, such

that

1. fa,, > o?ﬁ, the equilibrium referral type is nonexclusive referral,

2. If min[a?, &L < a,,, < @, the equilibrium referral type is exclusive referral to Rigr 1;
3. Ifmin[aX, all, aL?] < a,, < min[a!l, a%l], the equilibrium referral type is exclusive referral to
Retailer 2;

4. If o, < minf[a aL1 4L2), the equilibrium referral type is no referral.

We use Figurel to illustrate Propositior?. Both exclusive and nonexclusive referral generate extra

demand, but they also justify a higher wholesale price frbm manufacturer resulting in higher retail
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Figure 1: The equilibrium referral type conditional ap = 1, ayo = 0.8, ¢; = 0, andey = 0.05.

prices. The magnitude of demand increase differs betwdenaktypes. In general, the realized demand is
bigger in nonexclusive referral than in exclusive referb@cause consumers are referred to more retailers
providing more choices of where to purchase. Neverthelmssause of higher demand, the manufacturer
commands a higher wholesale price and consequently thikerstdrive up the retail prices. This worsens
the double marginalization in nonexclusive referral magaisicantly than in exclusive referral. Therefore,
the manufacturer faces a trade-off. Whep is substantially large, the benefit of a higher demand is more
significant in nonexclusive referral; thus, nonexclusieg&rral stands out. In this situation, the referred

retailers also benefit from the nonexclusive referral.

On the other hand, when the referral market size is not seffilsi large (i.e.qv,,, < &!1), the additional
demand in nonexclusive referral can be less than that irusixel referral, especially when store substi-
tutability is high. As a result, the manufacturer has to medwholesale price to compensate retailers for
decreased retail prices caused by intensified horizontapetition. Therefore, the manufacturer can benefit
more from exclusive referral.

A nuance arises between exclusive referral to Retailer addsive referral to Retailer 2. As supported
by (cpe — ap1) + 51(_1—% (c2 — ¢1) > 0, itis more profitable for the manufacturer to choose exctigéferral
to Retailer 1 as long as,, > a%!. If a,,, < &', however, the realized referral demand is zero for Retailer
1, such that it is not profitable for the manufacturer to ref@rsumers to Retailer 1. At this point, exclusive

referral to Retailer 2 becomes the only viable choice fomtia@ufacturer. When,,, < min[a, 4Ll a%2],
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all realized referral demand is non-positive; thus, thenrel case degenerates into no referral.

The equilibrium referral choice also depends on the retilaitial market sizes and their operational

costs. If(age — ay1) + 4362 (c2 — 1) < 0, exclusive referral to Retailer 2 becomes more favorakde th

4-3
0(1+0)
exclusive referral to Retailer 1 when,, is sufficiently large. Therefore, the equilibrium area otlesive
referral to Retailer 2 encroaches on the equilibrium areaxcfusive referral to Retailer 1 ag; andc;
increase or asyo andcy decrease. Because the manufacturer gains more profitsdlusely referring
consumers to Retailer 2 ag; andc; increase or as;; ande, decrease, the equilibrium area of nonexclusive

referral shrinks upward accordingly.

The results in Propositiod deviate from those dBhose et al(2007), who suggested “the manufacturer
is equally well off enrolling only one retailer as it is erimog both retailers.” The analysis iBhose et al.
(2007 is based on perfect competition assuming retailers amdiaca. Our work explicitly assumes that
retailers are not identical because of differences in breamde, service level, return policy, location, and so
on. In the Internet era, consumers still choose one retailer the other even if they carry the same item.
Therefore, a retailer does not win all market with a slightlyer retail price. Based on this more generic
assumption, Propositiod indicates that the choice of either nonexclusive referraxelusive referral de-
pends on the referral segment market size, the store aubbtlity, the retailers’ initial market sizes, and
their operational costs. Our analytic result is consistdgtit the fact that some manufacturers use exclusive

referral while others use nonexclusive referral.

Would the chosen referral type always result in higher divetgply chain efficiency — the total profit
of the manufacturer and two retailers? The answer is no.itivgly, supply chain efficiency grows with
the referral segment market size for both exclusive andxausve referrals. In the equilibrium area as
illustrated in Figurel, no firm would benefit from unilaterally deviating from thata. However, this is not
equivalent to optimal performance of the supply chain. AgiFé2 indicates, exclusive referral to Retailer
2 generates more profits for the supply chain even if exatusaferral to Retailer 1 is the equilibrium
choice for the manufacturer. This is because exclusiveredfe the smaller retailer (i.e., Retailer 2) more
significantly intensifies the horizontal competition, hemeore soundly reducing the double marginalization

than exclusive referral to the bigger retailer (i.e., Retdl).
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Figure 2: The dominant referral type in terms of supply chefiiciency conditional o,y = 1,40 =

0.8,c1 = 0,c2 =0.05

4 Extended Discussions

This section discusses the impact of unequal pricing, r@fposition, local consumers, infomediary referral,

and asymmetric referral market size.

4.1 Impact of Unequal Pricing

The preceding analysis is built on the prevailing concegtt tonsumers are treated equally through different
channels in terms of pricing, which is widely practiced biailers to avoid channel conflict€attani et al.
2006. Nevertheless, unequal pricing has also been seen ingeas a tool to discriminate among con-
sumers (se€hen et al.2002 Ghose et a).2007). As shown byMorton et al.(2001), prices in online car
referral services could be different from regular retaicgs. Therefore, we dedicate this section to dis-

cussing the potential impact of unequal pricing.

Proposition 3

1. In exclusive referral with unequal pricing, for the maacturer, referring consumers to the more
cost-efficient retailer dominates referring to the lesstegficient retailer.

2. In nonexclusive referral, the manufacturer is indiffégreetween equal pricing and unequal pricing.
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In exclusive referral, PropositioB suggests a slightly different result from Propositibnin that the
manufacturer is insensitive to the retailers’ initial metrkizes when selecting an exclusive retailer. Unequal
pricing enables the referred retailer to discriminate agnoansumers by pricing differently in two separate
market segments. Therefore, the capability to attract monsumers in the referral segment relies on the
retail price in the referral segment, which is mainly detieid by the retailer's operational cost rather than
its initial market size in the traditional segment. As a feghe manufacturer would refer consumers to the

more cost-efficient retailer.

In nonexclusive referral, the wholesale price is the santmth cases of equal and unequal pricing. The
retail prices differ though. A closer examination indicatbat, for the same retailer, the retail price under
equal pricing is in between the two retail prices in two markegments under unequal pricing. Hence,
an increase of demand in one market segment is traded offanitbicrease of demand in the other mar-
ket segment. As a result, overall demand remains uncharayelobth market segments. Therefore, the

manufacturer is indifferent to both pricing formats.

Comparing all firms’ profits between equal pricing and unégtiaing, we find that unequal pricing will
shift the equilibrium area of each referral type, but theclion of the impact is inconclusive. In most cases,
numerically we find the equilibrium area of nonexclusiveeredl expands while that of exclusive referral
shrinks under unequal pricing compared with equal pricingsome special cases, however, the equilib-
rium area of exclusive referral encroaches on that of ndosixe referral when the store substitutability is
sufficiently high. Regardless, the qualitative result dame equal pricing as demonstrated in Proposifion

holds true in the case of unequal pricing.

4.2 Nonexclusive Referral with Position Priority

We have so far assumed that referral positions are symnagtdéndifferent in nonexclusive referral. This
concept has been supported by the fact that many manufectistereferred retailers alphabetically. How-
ever, as demonstrated by Internet giants like Google andateferral position affects the click-through
rate. Similarly, in manufacturer referral, consumers raighmore inclined to click on one link than another,

which could become more apparent if retailers are displayedifferent referral pages.

To explore the impact of the referral position, we assumeé dha position on the referral list has an
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advantage over the other. Without loss of generality, warassthe manufacturer would place Retailer 1 in

a better position and Retailer 2 in a worse position. Theegfoe havev,; = (., +9) anda,.o = (a,, —9),
whered reflects the fact that the discrepancy in referral posititere.consumers’ valuation of the retailers.
For instance, the top position on the referral list mightsess advantages over the bottom one and those on

the next pages. The utility function follows that of EQ).(

Proposition 4 In nonexclusive referral, the manufacturer is indifferentissigning the better referral posi-
tion to either retailer. However, the supply chain is morcefnt when the manufacturer assigns the better

referral position to Retailed if and only ifay; — aya > 2(¢1 — ¢2).

One might guess that assigning the better referral positiatifferent retailers would affect the man-
ufacturer’s performance; however, Propositibauggests the opposite. The intuition behind Proposiion
is consistent with current Internet referral practices byoamanufacturers. As shown in the proof, the
manufacturer's wholesale price remains constant witheesjo the referral position disparity and total de-
mand remains unchanged, although each retailer's demamjek in the opposite direction on account of
asymmetric referral positions. Hence, the manufactupaddit is unchanged in regard to different referral

sequences.

However, retailers’ profits are not immune to the referradifpon priority. Retailers change their prices
in response to the referral position disparity. Althougis titoes not change overall demand, it redistributes
the channel profit from one retailer to the other and evelytwdiers the supply chain efficiency. Propo-
sition 4 points out that the supply chain can become more efficiefteifrhanufacturer assigns the better
referral position to the more powerful retailer (i.x; — au2)/(c1 — c2) > 2). Specifically, if both retailers
are of the same size, referring to the more cost-efficiemilegtrenders higher supply chain efficiency; if
both retailers are the same in cost efficiency, referrindpédaigger retailer is more profitable for the supply
chain. In general, supply chain efficiency is more sensttveost efficiency than initial market size, because
every unit of cost efficiency change requires two units diahimarket size. This is because costs have di-
rect impact on retail prices whereas a retailer’s initiatkeasize would be offset by the other one’s. Thus,
it is socially responsible to promote the more cost effickethiler, unless the other retailer substantially

dominates the market.
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4.3 Thelmpact of Local Consumers

For tractability our baseline model does not consider looasumers. One may argue that some consumers
in the traditional segment might initially know only oneaiér before manufacturer referral but be exposed
to the other retailer via manufacturer referral. This secfills the void by investigating the impact of
local consumers on the manufacturer's referral decisionthé traditional segment, we now have three
subsegments. The first subsegment is the same as our oogmalho know both retailers. The other two
subsegments are local consumers who know only one retaisgrectively, before manufacturer referral and
are exposed to manufacturer referral afterward. Wedyse denote the market size of local consumers who

initially know only Retailer; = 1, 2.

Without manufacturer referral, the demand to Retaileecomes

ay; — Oagj — pi + Op;

Di= 1— 62

+ Bz — Dri-

If the manufacturer exclusively refers consumers to Ratajlthe consumers of; continue to shop in
Retaileri, whereas the consumers gf, j = 3 — 7, get to know Retailei via manufacturer referral.
Therefore, the demand to Retaileconsists of the original first subsegment (the local consarfig, new

consumers frong;, and new consumers from manufacturer referral, which isrieed as follows.

(1—6)8; —pi + Op;
1—62

oy — Oayy — pi + Op;
1—62

D; = +Bi—pi+ + = i

For Retailerj, the demand becomes

oy — oy —pj+0p;  (1—0)8; —p; + Op;
1—62 1— 62 )

D; =

If the manufacturer nonexclusively refers consumers tt betailers, the demand to Retaiidobecomes

o — Oagj + (1 = 0)(Bi + Bj) + (1 — 0w, — 3p; + 30p;

Di= 1- 62

Because of computational complexity, we numerically destiate the impact of the existence of local
consumers. Numerically, we find that the qualitative resuRroposition2 holds true as long as the local
market sizes;,i = 1,2, are not substantially different. For any giv8n we can find the closed-form but
lengthy upper bound and lower bound fér satisfying the nonnegative demand constraints. Numéyjcal

supposingy;; = oy = 1 ande; = ¢o = 0, for example, we obtain the upper bound and lower bound of
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Figure 3: The equilibrium referral type with local consusgivena;; = azo = 1, ¢; = ¢ = 0.

2 given 31, as shown in Tabl&. In other words, our main qualitative results sustaif;ibnd3; are in the

bounded area.

Table 2: Boundary values ¢f, givenay; = azo = 1 ande; = ¢ = 0.

0 0.1 0.3 0.5 0.7 0.9
By up-bound 1.77 166 156 148 1.44
51 =0.8
5> low-bound 0.60 0.58 0.55 0.51 0.44
Bo up-bound 1.75 166 159 154 154
B1=1

B2 low-bound 0.63 0.60 0.58 0.55 0.48

To demonstrate how the local market size impacts the equilibresult, we consider the special case
whereg; = §; = 8. As Figure3illustrates, for both valugs = 0.8 andj3 = 1.0, the boundary line between
nonexclusive referral and exclusive referral moves up whermmarket is less competitive, but moves down
when the market is substantially competitive. When the etakless competitive, a bigger local consumer
segment allows the manufacturer to charge a higher whelgsale when implementing exclusive referral.
Nevertheless, when the market is substantially competitivd the referral market segment is mid-sized, the

manufacturer would more likely opt for nonexclusive ref¢to attract more consumers because of lessened

double marginalization.
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Comparing the boundary lines of cases- 0.8 and = 1.0 as shown in Figur&, we observe that the
boundary lines between no referral and exclusive refearad, between exclusive referral and nonexclusive
referral, move up as the local consumer segment grows fi.i@creases fron.8 to 1.0). Intuitively, the
wholesale price, retail price, and total demand increasle fvi The manufacturer becomes more reluctant
to implement referral if the referral segment is too sma#ivoid reducing the wholesale price. Therefore, a

bigger presence of local consumers downplays the signifecahimplementing manufacturer referral.

4.4 Thelmpact of Infomediary Referral

For brevity our baseline model assumes away the infomedédieyral, where a third-party refers consumers
to certain retailers, such as autobytel.com, avviva.cam paicegrabber.com. This decision not only enables
us to focus on the main insights of manufacturer referraldisty enables us to single out the impact of
infomediary referral on manufacturer referral. Referrdbmediary is typically powered by search engines
that also provide price information and consumer feedbeafkecting the retailer heterogeneousness. To
characterize the impact of infomediary referral, we ineluah independerninfomediary referral market
segmentThe infomediary referral representative consumer'stytihinus the purchase cost is given by

Un= > (aniDpi — Dj;/2) = 0DpiDyg — > piDpi
i=1,2 i=1,2

whereaqy,; is the initial market size for Retailér= 1,2, and is assumed to be sufficiently large to warrant
nonnegative infomediary referral demand. The tépp denotes the corresponding realized demand. Since
referral infomediary usually refers consumers to a lorigplisetailers, we adopt a nonexclusive infomediary
referral, where consumers are referred to both retaileimsilé8ly, we assumey,; = ap, i = 1,2. For
tractability, we assume the decision of infomediary refeis external and the infomediary referral fee is
normalized to zero. Therefore, demand in nonexclusivenigidiary referral is given by

(1 —0)ay —pi+0p;
Dhl_ 1_02 .

Total demand for Retaileris D; = Dy; + D,; + Dy;. The profit functions of the retailers and the manufac-
turer are, respectively,
I; = (pi —w — ¢)(Dyi + Dyi + D), 4)

2
M =w Y (Dyi + Dri + D). ®)
i=1
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The game setting with referral infomediary is similar to daaiseline model except that the referral
infomediary is exogenously given in this extended dis@rssiFor parsimony, we here reexamine only
Propositionsl and 2 in the presence of a referral infomediary. We start with thelusive manufacturer

referral.

Proposition 5 Supposey,,, > max{dﬁ}(h), dﬁf(h)} in the exclusive referral in the presence of infomediary
referral. For the manufacturer, exclusive referral to Rkgal outperforms exclusive referral to Retailer 2

it and only if (s — an) + £72%(cs — 1) > 0.

Compared to Propositiohy Propositions demonstrates that the manufacturer’s preference for afispec

retailer in exclusive referral is more sensitive to the aienal cost difference (i.ec; — 1) against the initial

—462 4—-362

market size difference (i.exy2 — a41), becaus o) > 0(+0) recalling that without infomediary referral
the manufacturer prefers exclusive referral to Retailes bag asa;s — ay1) + ﬁ(]—?f; (c2—c1) > 0. As

a result, in the presence of referral infomediary, the mactufer is more likely to select a retailer with a
lower operational cost rather than a retailer with a sméi¢gial base demand. The presence of the referral
infomediary equips the manufacturer with a higher overathend and a higher wholesale price, which push
up the retail price and worsen double marginalization paldily when store substitutability is relatively
low. Therefore, the retailer with a lower operational castdimes more attractive to the manufacturer who
seeks to enlarge the overall demand. Given Qﬁiﬁ{% decreases with, the attractiveness of the retailer

with a lower operational cost decreases as store subbilttytagrows.

Comparing the firms’ profits in nonexclusive referral, esohe referral, and no referral in the presence
of infomediary referral, we can obtain a similar result topasition2. That is, in the presence of infomedi-
2

ary referral conditional ooy — ayy) + &‘1—%((:2 —¢1) > 0, there exisﬁg(h) ando?fni(h) wherei = 1,2,
such that

1. fay,, > dﬁ(h), the equilibrium referral type is nonexclusive referral;

2. If min[@g(h), dfnl(h)] <am < olg(h), the equilibrium referral type is exclusive referral to &l 1;

3. If min[dﬁ(h),&ﬁ(h),dﬁih)] < apy < min[@g(h),o}ﬁ(h)], the equilibrium referral type is exclusive

referral to Retailer 2;
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4. My < minf@]] . Gl @h%, 1, the equilibrium referral type is no referral.
Comparinga!? ) anddf;(h) to &l andal?, respectively, we have the following result.

Proposition 6 With infomediary referrala! ) and dﬁj(h) increase withy,. There exists a thresholdy,,
such that, ifa, > Gy, thena[l ;> & andmin[aT ), a7, a5%,)] > minlagl, ap', a2

Proposition6 suggests that the equilibrium area of nonexclusive rdfard that of exclusive referral
shift upward as the infomediary referral segment market sizreases. When the infomediary referral seg-
ment grows larger, the impact of manufacturer referral ¢al tdemand relatively reduces. The incentives
for introducing the nonexclusive manufacturer referrather than exclusive referral, to intensify the hor-

izontal competition also subdue. Overall, the presencehifjanfomediary referral segment shadows the

importance of manufacturer referral.

The above observation is valid only if the infomediary redésegment is substantially large. The mere
existence of a very small infomediary referral segment camedly make manufacturer referral more prefer-
able because of the retailer competition. Without the lextabmpetition, for example in a monopoly setting,
the manufacturer and the monopoly retailer welcome bothufaaturer referral and infomediary referral.
With the retailer competition, however, a retailer woulduee the retail price in response to the introduction
of the infomediary referral. If the infomediary referralgseent size is too small, the additional demand is
not sufficient to compensate for the retailer’'s loss of maapprofit. In this circumstance, manufacturer
referral can bring in the desired additional demand to makesfimore profitable. Thus, the equilibrium
area of manufacturer referral — both nonexclusive refemal exclusive referral — is bigger in the presence
of a small infomediary referral segment than without. Ratérly, both nonexclusive referral and exclusive

referral equilibrium areas, as shown in Figdreshift downward.

45 Asymmetric Referral Market Sizes

Our baseline model assumes that the two retailers have the sitial referral market size, a symmetric
assumption in line witlChen et al(2002 andGhose et al(2007) for conciseness and tractability. In reality,

consumers could have different preferences toward thdenstafter viewing the retailers’ names on the
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referral list. To be more comprehensive, we assume an astnomeferral market size, that isy,; =
piam, 1 = 1,2, wherea,,, denotes the base potential referral market sizecatiglRetaileri’s non-negative
relative attraction scale reflecting the referred consshpeference. The utility function remains the same

as Eq. ). Similarly, in the exclusive referral to Retailgrwe have
Dri = Pi0m — Pri and Drj =0.

Demand under nonexclusive referral is given by

(pi — 0pj)oum — pri + Op;

Dri:
1—62

The analysis is similar to that under symmetric referral kear To be comparable with the baseline

model, we extend the original Propositibrand Propositior2. First consider the exclusive referral.

Proposition 7 When referral market sizes are asymmetric, suppgse> max{a’.!, a.2}. For the manu-
facturer, exclusive referral to Retailer 1 outperformslesove referral to Retailer 2 if and only {fye — ay1) +
44+60(1—20))am 4—362
%(m—szm(@—Q) > 0.

Proposition7 is based omv,, > max{a%!, &%2}, such that all participated firms benefit from the exclu-
sive referral. We find thady:%j decreases with;, which means that, as Retailés relative attraction scale

(p:) grows, it is easier for the manufacturer and the referradilRe: to benefit from the exclusive referral.

Obviously, if the retailers’ relative attraction scaledtfie referral market are the same (i@.,= p2 =
1), Proposition7 degenerates into Propositidnthat is, for the manufacturer, exclusive referral to Retai
1 outperforms exclusive referral to Retailer 2 if and onlydify — ay1) + 51(_1—3;992) (cg —c1) > 0. If p1 > po,
Proposition7 indicates that it is more likely for the manufacturer to refensumers to Retaildr, because
the additional term o% (p1 — p2) is positive. This result suggests it is more likely for the

manufacturer to refer consumers to the retailer that is mppealing to the referred consumers (i.e., the

retailer with a highep;).

Note that the above discussion implicitly assumes phé independent ofi;;. What if p; is correlated
with ay;? It is easy to infer that the manufacturer would refer coremsnto Retaileri as long asp; is

substantially big. To demonstrate this point, we now cagrsitie special case whepe = «y;. If so, for
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the manufacturer, exclusive referral to Retailer 1 outpens exclusive referral to Retailer 2 if and only
if (0(1+0)— (4+0(1 —20))an) (2 — ay1) + (4 — 302) (c2 — ¢1) > 0. In this case, supposing the
retailers are equally cost-efficient (i.e;, = ¢1) and the referral market size is sufficiently small such that
0(1+60) — (4 +6(1 — 20))a,, > 0, the manufacturer will still refer consumers to the smailétailer, a
result qualitatively equivalent to Propositidnwvherep; = po = 1. However, if the referral market size is
sufficiently large thaf (1+0) — (4+60(1—20))a,, < 0, the manufacturer will instead refer consumers to the
bigger retailer, because the referral market becomes roorative thanks to Retail&’s higher attraction

rate.

The analysis of nonexclusive referral is similar to that @ci$n3.2 and, thus is skipped here. We now

compare the results between nonexclusive referral andsxel referral.

Proposition 8 Given% (p1 — p2) + (o2 — 1) + 51(‘1—?’% (ca — 1) > 0, there exists threshold

values,al” andaZ?, such that
1. If oy, > max|[@!fl, a12], the equilibrium referral type is exclusive referral to Riégr 1;
2. If a2 < a,, < max[all!, al1?], the equilibrium referral type is nonexclusive referral;

3. If min[a’?, aLl] < o, < @2, the equilibrium referral type is exclusive referral to Rigr 1;

4. If min[af? aLl aL?] < a,, < min[a?, aLl], the equilibrium referral type is exclusive referral to
Retailer 2;

5. If a, < min[@k2, aL! aE2), the equilibrium referral type is no referral.

Proposition2 is a special case of Propositi@ Specifically, whermp; = p, = 1, Proposition8 degen-
erates into PropositioB. In fact, the first item of Propositiofi disappears, as long % is in a reasonable

range (i.e.m < 81 < P (9) as defined in the proof).

Following Propositiorv, we know that the manufacturer has more incentives to reftre retailer with
a biggerp;. Therefore, the equilibrium area of referring to Retailds bigger if p; < po (see Figured);
otherwise ifp; > ps, the equilibrium area of referring to Retailélis bigger (see Figuré). In fact, if p;
is sufficiently big, the whole supply chain can also beneditfrexclusively referring to Retaildr, because

the benefit of a bigger market size outpaces the drawback o mense horizontal competition.
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Figure 4: The equilibrium referral type conditional Figure 5: The equilibrium referral type conditional
onay = 1, a40 = 0.8, ¢c1 = 0, co = 0.05, p1 = ona; =1, 49 = 0.8, ¢1 =0, co = 0.05, p1 = 1,

0.96, andpy = 1. andp, = 0.96.

When% goes to extreme (e.gg—; = 10), we find that the manufacturer would refer to Retallas long
as the referral market size.(,) is sufficiently large. This is because referring to the mbigger retailer

(i.e., Retailerl) allows the manufacturer to price higher and correspongilegds to more profits.

5 Conclusion

This paper investigates manufacturer referral where theufaaturer refers its visiting consumers to certain
retailer(s). As e-tailing grows more and more competitivegnufacturer referral prevails in the current
e-commerce environment as a tool to avoid overly intenshanoel conflict with retailers. In a model
with two heterogeneous retailers, we study both exclugferral and nonexclusive referral. In exclusive
referral, the manufacturer prefers referring consumetbdanore cost-efficient retailer if the retailers are
of the same size, or the smaller retailer if the retailerseayally cost efficient. However, the equilibrium
choice of exclusive referral to the bigger retailer can leadupply chain inefficiency. The nonexclusive
referral emerges as the equilibrium choice for all firms aglas the manufacturer referral market size is

sufficiently large.

Our extended analysis shows that, first, if retailers usequalepricing to discriminate among their
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consumers, the selection of an exclusively referred estaiblely depends on their cost efficiencies, while
the manufacturer is indifferent between equal and unequeaing in nonexclusive referral. Second, if
referral positions differ in nonexclusive referral, theply chain is better off if the manufacturer assigns the
better position to the sufficiently bigger or more cost-éfit retailer. Third, a bigger market size of local
consumers in the traditional segment downplays the sigmifie of implementing manufacturer referral.
Fourth, in the presence of an infomediary referral, it is erldeely for firms to prefer manufacturer referral
when the infomediary referral segment is sufficiently sprterwise, the benefits of manufacturer referral
become less attractive as the infomediary referral seggremts. Finally, with asymmetric referral market
sizes, although the manufacturer will more likely refersamers to the retailer with a higher attraction rate,

our main qualitative results hold as long as the retail@fsitive attraction rates are not too skewed.

Several aspects of the model warrant further commentst, Bgssshown previously, different referral
types (i.e., exclusive referral and nonexclusive ref@@mald referral positions yield more profits to the ad-
vantaged retailer. Naturally, retailers would have inv&stto compete for an exclusive referral slot or
a better referral position by paying a premium. To that ehd, manufacturer can set up a competition
mechanism, such as an online auction, to select a winner.rder @o avoid channel conflict, however,
the manufacturer might resort to nonexclusive referrabodomly assigning referral positions to retailers,

which ratifies the popularity of nonexclusive referral.

Second, the existing literature and our model have assunsa@thke manufacturer due to tractability;
however, multiple competitive manufacturers may provifenral service at the same time, such as GM and
Ford in the auto industry. Naturally, the horizontal conit@t intensifies as more manufacturers compete.
In this situation, we speculate that manufacturers woule fewer incentives to refer their consumers to all
retailers, because the manufacturers’ incentives to lolawgn the double marginalization has been subdued
by the increased horizontal competition. As a result, theufecturers might have more incentives to use
exclusive referral. This speculation is consistent with tbalization that many manufacturers do not refer
their consumers to all retailers. Another potential dimtts to study how the manufacturer refers multiple
products through different retailers. Given that the commponal complexity will be quite intense in a game
that includes multiple manufacturers and multiple retajlsome simulation approaches can be applied for

this task.

Third, the firms’ bargaining power will certainly affect ihéecisions on many issues, such as the prices
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and the manufacturer’s referral decision. If a retailedggaining power on the wholesale price increases, we
expect to see more manufacturer referral to the retaildr \wits bargaining power, because referring more
consumers to the more powerful retailers undercuts the faetawer’'s marginal profit. In Walmart and
Home Depot cases, the manufacturer could more likely réderisiting consumers to a smaller competing

retailer, unless Walmart and Home Depot enforce a refelaabke in their contracts.

Finally, demand has been certain in our model. Althoughadab&imption is consistent with the related
literature for tractability, it would be intriguing to ingégate how demand uncertainty affects the manufac-

turer’s choice.
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APPENDI X: Online Supplements

Proof of Lemma 1. We solve the no-referral game backward. We first considailees’ price competition
given the wholesale price, and then solve the wholesale piibe same computation sequence is followed

in games with referral.

The original profit functions without referral are given by

r a1 — 9(1 2 — P + 9[)2
7ll — (pl—w—01)< z ]t 921 >7
r Q9 — 9(1 — P2 + 9[)
an = (pg —w — 02) ( ¢ 2l 1>7

o — w(atl—Qatz—pﬁ-@m at2—96¥t1—p2+9p1>
meo 1— 62 1— 62 '

The second order conditions are given by

oIy 2 O°11y" 2
0, and 2 — <
op3 1—62

op? __1—92< 0-

The following first order conditions (FOCSs) suffice to assmmeximization of profits for both retailers.

oy oIl
=0 and = 0.
op1 Opa

Solving the FOCs gives us

~ (2-0%) an —Oap 4 2¢1 + 0y +w (24 0)
4 — 62 ’

nr

" (w

TL?")

B (2—92)%2—9%1—!—262—#901—|—w(2—|—9)
4 — 0?

nr

Py (w

TL?")

Substituting the best response retail prices in terms ofahelesale price into the manufacturer’'s profit

function, from the FOCZ= — 0, we obtain the optimal wholesale price that optimizes theufecturer’s
profit:
nr 1
w :Z(at1+at2_cl_c2 )-

The above wholesale price is unique, since

o1y 4

g2~ a0V

Substitutingw™” into pi” (w™") andp,™" (w™"), we obtain

nr_ (1040 (1 —40)) an + (6—0) c1+ (2 — 30) (w2 —c2)
Pr= 4(4-62) ’
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(1046 (1 — 40)) oz + (6—6) ca+ (2 — 30) (a1 —c1)
4(4—02) '

py' =
The firms’ optimal profits are

(o +ap—ci—ca) 2

= Saenie

e — (6+0-36%) (an— 1) — (24 30-6) (anr—c2) )2
' 16(4—62)%(1—62) ’

mr - ((6+6—36%) (quo— c2) — (24 30—6%) (a1 —c 1) )2'

16(4—02)*(1—62)
To make sure that all firms will be in the game, we must have agative profits, which are ensured by

(6+9—392) atl—cl (2+39 92) atQ—CQ)
4(4-6?) (1-02)

Di'= >0,

(6+6—362) (cu2— c2) —(2+39 6?) (a1 —c1)
4(4-06%) (1-62)

Dy"= >0.
Sincec; <oy, co<ays, and

(64+6—30%) — (2 + 30—6°) =2(2+6) (1-6) >0

The above nonnegative demand constraint is equivalent to

24 39—92 <at1— C1 < 6+9—392
6+0—302 — Qp—co 2+ 36 —02°

The nonnegative demand condition is also equivalent toahabnnegative marginal profits as follows:

(6+9—39 2) (atl—cl) — (2 + 360—0 2) (atQ—CQ)
4(4-02)

prlu“_wnr_clz >0,

(64+0—30 %) (aua—co) — (2+30—02) (an—c1)
nr__onr_ >0.
by —wr e 4(4-06?) =0

Q.E.D.

Proof of Lemma 2: Consider the nonexclusive referral. To avoid trivial case,assume the referral
segment market sizexf,) is sufficiently large so nonnegative demand is satisfiewth khe traditional and

referral segments. The profit functions are thus given by

agl — Ooga —p1 +0p2 | o — Oy, — p1+ Op2
Hne = — — < )7
1 (m1 c1) 1— 62 + 1 — 6?2
ayp — oy —p2 +0p1 | a — O, — po + Opy
ng = (p2 —w — 62) < 1— 02 + m 1m_ 92 )7
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_ i — oy —pi +0p;  oun — O, — pi 4 0Op,
oy = w ) 162 1- 62 )
i=1,2

Solving the FOCs for both retailers, we have

(44 20) w"+ (2—6?) ay;—Oay;+ (2—0—0%) am+4c;+20c;

P () = S

j=3—4di=12.

The second order conditions are given by

O°11pe 4 o*115° 4
=———<0 and—% = — 0.
Bp2 1—2° p2 —2°

Substituting the best response retail prices in terms ofvti@lesale price into the manufacturer’s profit

function, from the FOC, we obtain the wholesale price thainoges the manufacturer’s profit:

1
w"ezg (a1 +auo+20,—2c1—2c).

The above wholesale price is unique, because

orIrne 8

oz~ 21g_g v

Substitutingw™® into pi¢ (w™¢) and p,*¢ (w™€), we obtain the optimal retail prices:

_ . _ . _ 9 —f — 202
p?8:(10+9(1 40)) ai+2 (6 9)@4;8 93;9)(% 2¢;)+2(6 — 0 — 20 )am,j:?;—i,i:l,z

Furthermore, we obtain the optimal profit as follows:

(20t +ap—2c¢1 —2c2)2
16(2—0)(1+0)

ne__
I =

Q.E.D.

Proof of Lemma 3: Without loss of generality, we consider exclusive refetcaRetailerl. We use
superscript #i” to represent the case of exclusive referral to Retdildtor exclusive referral to Retaildr
to be the equilibrium choice, both the manufacturer andiRetamust be better off than in no referral. The

discussion is also conditional on nonnegative demand. \Wmerate on them sequentially.

() That the manufacturer is better off in the exclusive nefto Retailerl than in no referral is equivalent

to
2(44+60(5—0 —20%))am +2((4 +0(1 — 03+ 0)))an
_ A+ 2-0)0an - (4302 P - (4+ 2-002) oy tap—c—o
Vi = VI = 4/ (14 6)(2+ 6)(8 — 562)(6 + 6(1 — 30)) 2V2V2+ 062
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> 0.

Hence, /II’! — /I is a linear function ofy,,,. Meanwhile,

o (VI - Vi) 4460 (50— 202 »
Do - 2/(1+60)(2+0)(8—562) (6+0(1 — 30))

Thus, there exists a single crossing point, defined%), such that,/II' = | /TI"" whena,,, = aﬁ%e).
(i) That Retailer 1 is better off in the exclusive referralRetailerl than in no referral is equivalent to

T — /I =
V2= 02((1 — 0)(1+ 0)(32 + (16 — 30(5 + 20)))aum + (32 + 6(32 — O(19 + 30(8 — 62)))) oy
(164 0(28 — 0(2+30(5 + 0))))ass — (64 + (48 — O(66 + O(46 — 30(5 + 30)))))es

(16 +0(28 — B(2 + 305 + 0))))e2)

2v/1—602(2+0)(8—562)(6+6(1—30))
_ (6+6—362) a1 — (24 (3—6)8) a2 — (6+6(1—36))c1 +(2+(3—6)6)co >0
4v/1-0%(4—02) =

Similarly, \/II5* — | /TI#" is a linear function ofy,,, and

o (VI — /I VA=) 2= 07)(32 + 0(16 — 30(5 + 20)))

Do, N 2(2+60) (8 —562) (6 + 6(1 — 30)) > 0.

Thus, there exists a single crossing point, defined’;éé), such that\/l‘[’l”1 = /117" whena,,, = af;(e).

(iif) We also ensure that the realized demand from the refenarket is nonnegative. The demand is a

linear function ofa,,, as below:

(128 4 0(72 — (125 4 (65 — 20(15 + 70)))) )t — (64 4 (40 — (63 + 6(37 — 0(15 + 80))))) v
—(16 — 0(12 + 0(26 — (5 + 80))))cus2 — (2 — 0%)(32 + 0(16 — 30(5 + 26)))cy
+(16 — (12 + 0(26 — 6(5 + 80))))c2)
2(2+6)(8—502)(6+0(1 — 30))

The corresponding slope with respectig is

112 4+ 45 n 144 n 45 — 256 0
240 2460 8-—5602  6+6— 362

Defineaﬂ(e) such that the referral market demand is nonnegative as ®ag, a> aﬂ(e). If v,y < aﬂ(e),

in our analysis, Retailer receives zero demand rather than a negative demand.



Letal! = max[az%e),ai’i(e),afr}(e)]. Therefore, ifo,,, > a4}, exclusive referral to Retailer is the

equilibrium choice as compared to no referral. Otherwisereferral is the equilibrium choice. Similar

analysis applies to Retailer anda’? = max|a™? ),ap2 a2 1. QED.

m(e)’ “m(e)’

Proof of Proposition 1: Compare two different exclusive referral scenarios whéteeRetailerl or
Retailer2 is selected in the referral. Our following discussion isdzhen the assumption that the referral
segment market size is sufficiently large. More specific#itiis assumption ensures nonnegative demand in
both traditional and referral markets. Furthermore, adusxee referral will not occur if either the manu-
facturer or the referred retailer cannot benefit from sucéferral. Therefore, if an exclusive referral does
occur, the referring and referred firms must be no worse offifthe referral. We examine this assumption

throughout our discussion.

Without loss of generality, here we mainly consider the cdseferring to Retailei and the results can

be easily extended to referring to RetatterThe profit functions are given by

apn —Oagg —p1+ 0
! = (p1—w—cl)< t1 1t2_9§91 p2+am—p1),
age — Oayr — po + Opy
T =l T L)
1 ap — Oagg — p1 + Op2 aiy — Oag — pa +0py
o= w( - + i — 1+ T )
The second order conditions are given by
82Hr1 2(2 — 92 aZHrl 9
= ( )<Oand 2= <0.
opy 1—62 ps; 1—62

Solving the FOCs, we have
(440—20 ) w+ (2—602) apn —Op+2 (1-0%) 42 (2—0%) c146 ¢

rl rl
" (w ) 8 — 562 )
(4+20-26°—6%) w"' — (30-26°) aa+ (4 - 36) a2
rl rl + (0_93) Oém—|—9 (2_92) c1+2 (2—92) Co
Py (w™)

8 — 502
Substituting the best response retail prices in terms ofahelesale price into the manufacturer’'s profit

function, from the FOC, we obtain the optimal wholesale gtltat optimizes the manufacturer’s profit:

(446 (5—0—26%)) am+ (440 (16 (3+0))) aa
+ (44 (2—0) ) cuo— (4 + 30) (2—62) c1—(4 + 20—6%)co
2(240 )(6+6(1 — 36)) ’

wr1:
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Substitutingw™ into pi! (w™) and py ! (w"), we obtain the corresponding optimal retail prices. Sirtyja
we can obtain the results for the case where the manufaatuotusively refers to Retailer. Denotell”’
as the manufacturer’'s profit when the manufacturer exalsikefers to Retailei. Due to the structure

symmetry, we obtain the optimal profits as follows:

( (446 (5—-6—2602)) -+ (446 (1-6 (3+0))) i+ (4+ (2—0) )
— (44 30) (2—0%) ¢;— (4 + 20—02)c;)’

T, = (150)(2+8)(8 — 50%) (60 —36%)

j=3—di=12.

Moreover,

= s (041) (w2 —an) 00 +1) + (2 — e1) (4 - 36%))
VL - VI = 27/ (@ +1)(0+2) (8—562) (0(1 —30) +6)

Given/II'! + /1172 is positive, the result in Propositidhis concluded.

Our model implicitly assumes that there is an adequate numbeonsumers who find exclusively
referred retailers’ information from the manufacturershaite but won't search other retailers’ information.
This assumption is supported by the fact that 1) many consisearch costs are not trivial because of time
constraint; 2) consumers generally cannot confirm all lexgfrom the manufacturer; and 3) manufacturers
can disguise themselves as referred retailers via reti@isiated e-commerce. If the assumption does not
hold and all consumers will find all retailers after seeingneoreferred retailers on the manufacturer’s
website, the manufacturer’s exclusive referral will degyate into a nonexclusive referral. In the extreme
case, if all consumers will find all retailers regardless bether or not they will visit the manufacturer’s
website, the referral segment will degenerate into pati®friaditional consumer segment, where consumers

are informed of all retailers, and both referral types wiNlegway to non-referral. Q.E.D.

Proof of Proposition 2: For nonexclusive referral to be the equilibrium referrgddy it must be the

choice of the manufacturer and both retailers. For the nzetwifer, it is equivalent to prove that

VI — max[y/ Hﬁn] >0,7=nr,rlr2.

From previous proofs, it is easy to know thalI?¢ — max[V/ H%] is a linear function ofty,,,. For example,

20, + a4 + apo — 2¢1 — 2¢0
/TIne — /TI71 = m
" " 42+ 6 — 62

(A4+0(05—0—20"))am + (4+0(1—-03+0)))an
+(4+ (2= 0)0)ap — (4+30)(2—602)c; — (4+ (2—0)0)co
2¢/(1+0)(2+ 6)(8 —502)(6 + 6(1 — 30))

I
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e e am = (V2 1) (an o+ V2(a + o))
i VI = 1,/2-0)1+0) '

We also obtain

O (I~ V) 1

- >0,
o, 2v2 460 — 02
and
a(,/nnme—\/nrmi) . 440(5— 60— 20%) a1
= — ] = ot =1, 4.
Dt 2o 0 21 10)2+0)B8 5006+ 0(-_30)

Therefore, there exists a single crossing pcxiﬁn’ft,(ne), such that,/I17¢ > max[V/ Hﬁn] as long asv,,, >

am

m(ne)”
For both retailers, /117¢ — \/H;."j is a linear function otv,,. For example, for Retailer, we have
VI — T =

2(2—0(146)) v +(6+0—302) r1 — (24(3—60)0) ar —2(6+0(1—36))c1 +2(2+(3—0)0) ca
44/2(1-62)(4—62)

(80 + (64 — 0(2 4 6)(46 + 0(13 — 190))))er,; — (16 + O(68 + 0(22 — O(75 + 0(38 — 0(20 + 116)))))) o
—(1-0)1+6)(16 +6(12+6(26 — (5 + 80))))cv,,,— (80 + 0(64 — (2 + 6)(46 + 6(13 — 199))))c,
+(2—6%)(16 +0(28 — (2 +30(5 + 0))))cy

2v/1—-02(2+0)(8—562)(6+0(1—30))

For Retailer2,
VI — /TET =

2(2—0(140)) 4+ (64+0—302) vy — (2+(3—0)0) a1 —2(64+60(1—30)) c2 +2(2+(3—0)0)c1
44/2(1-02)(4-62)

(80 +0(64 — 0(2 + 0)(46 + 0(13 — 190))) )2 — (16 + (68 + 6(22 — 6(75 + 6(38 — (20 + 110)))))) v
—(1—0)(1+6)(16 + 0(12 4 (26 — 0(5 + 80))))y, — (80 + (64 — H(2 + 0)(46 + 0(13 — 190))))co
+(2 - 6% (16 +0(28 — (2 + 30(5 + 0))))ex

2v/1-602(2+0)(8—562)(6+60(1—30))

We also have

0 <VH?6_ W) B 2— 0 — 6> N VI— 0216 — 012+ 6(26 — 0(5+ 80)))) _
Do, C2V2(4—-62) /(1 —6?) 2(2+6) (8 —5602) (6+6(1—36)) '

Therefore, there exists a single crossing p%(ne), such that, /I > \/ng,i = 1,2, as long as

pL

Qm 2 CYm(ne)'



We also ensure that the realized referral demand in norgxelueferral is nonnegative, that is

2(50m — 5ag — ) + 0((1+ 0)ayr + (13 + 0 — 40%)cyp — 2(3 — 0)(3 + 20) )
—2(6+60(1—30))c1 + (44 2(3—0)0)co

>
8(4 — 502 + 0%) 20,
2(5()ém — Bayg — Oétl) + 9((1 + 9)0&2 + (13 + 60— 492)%1 — 2(3 — 9)(3 + 29)am)
—2(64+0(1—30))ca+ (44+2(3—0)0)cy
>0

8(4 — 502 + 04)
The demand is a linear function af,,, and the slope ok, is

5—20

sra0_a02 "

Therefore, there exists a single crossing pairj,;(ne), such that the realized referral demand in nonexclusive

referral is nonnegative as long as, > adi

m(ne)”

Defineall = max[ozz(ne), af,f;(ne), a%(ne)]. Thus, nonexclusive referral is the equilibrium referyqde

for the manufacturer and both retailers as longvas > aﬁ. Whena,,, < dﬁ, the exclusive referral

emerges as the equilibrium referral type. Based on Praposit if min[a 4Ll < o, < &, the

m> m

manufacturer will exclusively refer to Retailéy sinced (6 + 1) (a2 — 1) + (4 — 30%) (¢ — c1) > 0. If
min[a &Ll 4k < o, < minj@l, aL1], the manufacturer will exclusively refer to Retailgrbecause

m?am7 m>

Retailerl declines the exclusive referral offer. Whep, < min[a!l, 4Ll 4L2], the referral segment market

m?’m

size is too small such that no referral is the equilibriumicboQ.E.D.

Proof of Proposition 3: First consider exclusive referral. Under unequal priciwghout loss of gen-

erality, we solve the case of referring to Retaileand then generalize the result to exclusive referral to

Retailer2.
o1 — Ooyg — p1 + Op
H’ilU = (p1—w—61)< 1 1t2_921 2>+(pr1—w—cl)(am—pﬂ),
— 0oy — 0
Y = (po—w—c2) ez 70 f2+ Py
1-46
H:,%U _ w(at1—90t2—p1—|—9p2+am_prl+Oétg—e()éﬂ—pg—l—epl)‘

1-62 1—62

We let superscript7” denote unequal pricing. For Retailérwe have

o1t 2

8})12 N _1—92<

0,

8



62H71“1U
aprl2

= —2<0,

and the Hessian matrix is negative definite. Therefore,ilRetds profit is jointly concave irp; andp,.; for
any givenw. Similar to the proof in Propositiof, it is easy to see that the concavity condition for Retailer
2 is satisfied, thus, the details are skipped. Consider eesaiprice competition when wholesale prices

given. The following FOCs suffice to assure maximization.

omy'” _ ogt”

o'’ _
op1 " Ope

=0, and =
aprl

By solving the FOCs, we have

w (24+6) +2¢1+0cy + (2—92) o — oy

r1U _

P1 (w) - 4—02 ’
10 () = w (2460) + Oc1+2c9 — oy + (2—92) o9
p2 - 4_92 )
1
pﬁU (w) = §(w+cl + apm).

Furthermore, we obtain the concave condition for Retailen@ jointly concave condition for Retailer 1.

Substituting them into the manufacturer’s profit functitrom the FOC, we obtain

WU — 2(o1 + a2) + (2—0)(14+0) oy, — (4-1—9 — 92) c1 — 2¢o
2(3-6)(240) '

The manufacturer’s profit is concaverin because

IV 646067
ow?  24+6—62

<0,

which confirms the above solution is optimal and unique. &ftege, we can obtain the generalized profit

for the manufacturer:

(240 — 0%) am+2(an + a) — (A+ (1-0)0)c; — 2¢;)°
8(3—0)(2—0)(1+0)(2+0)

We have (2+6 — 62) cu,+2 (a1 + o) — (44 (1-60)0) ¢; — 2¢;>0, i = 1,2, becausep; — w—c;>0,
i = 1,2. Given that4+ (1—0) 6 > 2, the condition thafl’!V — 1172V > ( is equivalent tac, — ¢; > 0.

Therefore, it is more profitable for the manufacturer torefasumers to the more cost-efficient retailer.

Now consider nonexclusive referral. Under unequal pricihg retailers’ profit functions are given by

a1 — Oags — p1 + O0po Oy — Oy, — pr1 + Opro
Hrle = (pl—w—q)( L 1t_92 >+(p7«1—w—61)< = 1”_9; : )

9



— Qo — 0 — oy, — 0
HQLEU = (p2—w—c2) (atz n it p1>+(pr2—w—02) <am Qun _Dr2 pr1>.

1—62 1—62
We have
DIV _ 2 0
Op;? 1—6? '
21TV _ 2 0
opri® 1—6? ’

and the Hessian matrix is negative definite. Therefore,ilRetigs profit is jointly concave irp; andp,.; for

any givenw. For the manufacturer, the profit function is

nell atj — oy — pi +0p; | oy — B, — pri + Opr;
tn _w_Z( 1-0? N 1- 02 )
i=1,2
which is concave inw after replacing the optimal solution into it. Similar to theof of Lemma2, solving

the first order conditions jointly results in the optimalaieprices as follows.

e = 2¢; +0cj + (2 — 0%)ay; — oy + (3 + %9) (i + aj + 204, — 2¢; — 2¢5)
7 - )

4 — 92
4ey +20co + (24 0) 1 (a1 + oo + 2, — 2¢1 — 2¢9) +2(1 — )« ) o
pZ”e (4 2(4_92)m m)aj:3_27121,2.

The optimal wholesale price is
ne 1
w"t = g(at1+at2+2am—201—202).

The manufacturer’s profit is given by

(a1 + cua + 20, — 2¢1 — 2c9) 2
16(2 —0)(1+0)

nel __
I =

This profit is the same as that with equal pricing. Thereftite,manufacturer is indifferent between equal

and unequal pricing. Q.E.D.

Proof of Proposition 4: Consider the nonexclusive referral assigning the bettiernad position to
Retailerl. We solve the game backward. We first consider the retaijgise competition given the whole-
sale price, and then solve the wholesale price for the maturir. The following FOCs suffice to assure

maximization of profits for both retailers.

orye!
=0 and
opt op}

omet

10



By solving the FOCs, we have

2w (240) + (2-60%) an—0aa+2 (2—0—02) ap+8c1+40c+26 (2—-6) (1+6)
4(4—62) ’

p?el (wnel)

w

nel (

Pl () 2w (2+46) + (2—62) ayg—Ban +2 (2—0—62) apy+8ca+48c1—20 (2—6) (1+6)

- 4(4—02)

The second order conditions are given by

oyt 4 <0 and oIyt 4

apr 102 e 1o

Substituting the best response retail prices in terms ofahelesale price into the manufacturer’s profit
function, from the FOC,ag#: 0, we obtain the optimal wholesale price that optimizes thaufecturer’s
profit:

wnelzl (

3 a1 +oga+200,—2c1—2¢2) .
The above wholesale price is unique, because

o1t 8

0z - 278 "

Substitutingw™! into ppe! (w™e!), p5e! (w™'), we obtain the optimal retail prices, and furthermore, the

optimal profit is as follows:
(2am+ay+ap—2c —202)2

Hnelz
m 16(2—0)(1+0) ’

which is the same as that in nonexclusive referral witholgrral position priority. Therefore, the manufac-

turer is indifferent regarding whether to assign the betéarral position to either retailer.

Continuing from the above proof, we obtain the sum of twoilertst profits in both cases where either
Retailer1 or Retailer2 gets the better referral position and then compare thewraatative profits as

follows:

2(5(1+9)(04t1—04t2— 2 ( Cl—Cg) )
(1-6)(2+6)*

where the superscriptei,i = 1,2, represents that the better referral position is assigodgletaileri in

(H?61+H5‘61) o (H71182_|_H2ne2) —

I

nonexclusive referral. Therefore, we can infer the supplgirt is more efficient when the manufacturer

assigns the better referral position to Retallérand only if a1 — ayo > 2(¢; — ¢2). Q.E.D.

Proof of Proposition 5: Compare two different exclusive referral scenarios whéitgee Retailerl

or Retailer2 is selected in the manufacturer referral. Without loss afegality, here we mainly consider

11



the case of exclusive referring to Retaileand the results can be easily extended to exclusive regetoin

Retailer2. Let subscripth) denote the case with infomediary referral. The profit furrtdi are given by

rl a1 —0*ais —p1+0%po ap—0xap —p1+0%ps
Hl(h) - (pl —w- Cl)( 1—92 + oy —p1 + 1-02 ),

rl a2 —0xay —pa+0%py ap—0xap—pa+0xpi
Hz(h) - (p2 —w-— 62)( 1—62 + 1—62 )7

rl a1 —Oxara—p1+0%p2 _ itz —Oxa; —pa+0%py 20, —p1—p2
Iy = wl -7 +om —p1+ 102 + =)

The second order conditions are given by

82H71"%h) = —2 (3 — 02) <0 and 8211%’) _ 1 <0
O ops  1-62""
. aHrl oIl rl
By solving the FOCs;—"2 =0 and —~" =0, we have

' Op1 Op2
4w(3 + 60 — 92) + 2(2 — 92)o¢t1 — 20cy9

+4(3 — 6%)ey + 40co + 4(1 — 0y, +2(2 — 0 — 0%y,

p’i%m(wzl) = 12(2—-07) ’
2(2460)(3 — 62w — 20(2 — 6%)ay1 + 2(3 — 20%)
0 +20(3 — 0%)cy +4(3 — 02)co + 4(1 — 0%) vy, + 2(3 — 20 — 20%) oy,
Pyny(Wh ) = 12(2—-07) :

Substituting the best response retail prices in terms oftiedesale price into the manufacturer’s profit func-
. omrt . : . -
tion, from the FOC—44 = 0, we obtain the optimal wholesale price that optimizes theufacturer’s

profit:

(124+60(1 —0)(5+0))ay, +2(3+0(4—602))ay, + (6 +60(2—0(3+0)))an
+(6 + 9(3 — 9))0@2 — 2(3 + 29)(3 — 92)61 — 2(6 + (3 — 9)9)62
4(15 + 9(9 — 29(2 +0)))

The wholesale price is positively related to the retailerarket size, negatively related to the operation cost,

wy =

and positively related to manufacturer and infomediargmeal segment market sizes. We can show that the
above wholesale price is unique, because

o°11;) 2 4 3492
() 24—+

gz~ 30T 1t a ) <O

Substitutingw? ! into p{%h) (wph), p;&}l) (w}!), we obtain the corresponding optimal retail prices.

(96 + 0(33 — (83 +50(6 — O(3+0)))))ap + (78 + 20(33 — O(37 + 6(29 — (7 + 50)))))
+(78 + (48 — 0(59 4 0(34 — 50(2 + 0)))))ari + (18 — O(15 + 6(24 — 6(4 + 56)))) s
23— 02)(21 + (1 — 0)0(9 +20))c; — 2(2 + 0)(9 — 0(12 + 6(6 — 50)))c;

Pilny 12(2—07)(1540(9—20(2+0)))
=3 —ii=12

12



The enrolled retailer’s retail price is positively relatedits base demand, operation cost and infomediary

referral segment market size.
Similarly, we can obtain the results for the case where theufiaaturer refers to Retailér

For exclusive referral to Retaildr to be the equilibrium choice, both the manufacturer and iReta
1 must be better off than in no referral. The discussion is atsaditional on nonnegative demand. We

enumerate on them sequentially.

() That the manufacturer is better off in the exclusive nefto Retailerl than in no referral is equivalent

to

(6 +20(4 —0*))am + (12 +0(1 —0)(5+0))ap + (6 +60(2 —0(3 +6))) s

ST — S = T(6+0B3 = 0)ars = 2(3+20)(3 = 0%)er — 2(6 + (3~ 0)0)cy
" " 44/3(146)(2—62) (15+6(9—20(2+0)))
_ (aptag+ara—2c1 —2c2) >
44/(2—0)(1+0) 20

Hence, /II’! — /I is a linear function ofy,,,. Meanwhile,

O(JH—Z%—\/HZQ - 6+ 20(4 — 6?) .
Do 4B+ 0)(2-0)(15+0(9-202+0)

Thus, there exists a single crossing point, defined%), such that,/IT'! = | /TI" whena,,, = aﬁ%e).

(i) That Retailer 1 is better off in the exclusive referralRetailerl than in no referral is equivalent to

V3 —02((42 —2(9— 0(4+ 0)(7+ (1 — 20)))) v
+(24+6(3—0(23 +0(3+0)(3 — 20))))ap,
\/Hqu _ I = +(42 4+ 0(36 — 0(23 + 0(22 — 6 — 26%))))a1 — (18 — (33 — 62(13 + 20)))aa

—2(63 +0(45 — (51 + 6(33 — 40(2 + 0)))))e1 + (36 + 660 — 2603 — 40%)co)
12(2—602)(154+6(9—20(2+6)))v/ 1—62
_ (4=20(140))a, +(640(1=30) a1 = (2+0(3—0)) a2 —2(6+0(1-30))c1 +2(240(3=0))ea ~,
4(4-02)4/2(1-62) -

Similarly, \/II5* — | /TI#" is a linear function ofy,,, and

o (VI — /I _ V3 P(42-200-0U+0)(T+00-20)) _
dau, O 12(2—02)(15 4 6(9 — 20(2 + 0)))V1 — 62 '

i i i i i T nr 1
Thus, there exists a single crossing point, deflnedféé), such that,/TII! = /II%" whena,, = afn(e).
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(iif) We also ensure that the realized demand from the rafenarket is nonnegative. The demand is a

linear function ofa,,, as below:

1 2 214-30—66> 1 20 3(74-60—262)

(7 -5 + 15+9(9—29(2+9)))am — 2100+ 55 — 15+9(9—2e(2+9)))ah
5 1460 0 3—6>

—(51 T smEro0—20msay) 2 + (51397 — TETa0—200Ta))) ) 2

9—302 0 3(3—6%)

1 1 1
—5(L+ 5= + mrap—20ms0))¢ ~ (= — TSP —2ezTan )2 = 0-

The corresponding slope with respectig is

1 2 21 + 30 — 662
_(7 +

2" e T Brin_aere) "

Definea; ) such that the referral market demand is nonnegative as Bag, & o) . If @, < afl ),

in our analysis, Retailer receives zero demand rather than a negative demand.

Letall, = maxfalll b, . adl 1. Therefore, ifa,, > 4L\, . exclusive referral to Retailer is

m(e)’ “m(e)’ “mle)
the equilibrium choice as compared to no referral. Othexwni® referral is the equilibrium choice. Similar
analysis applies to Retailey anda)?,) = max[a]? of? ad2 .

m(e)’ “m(e)’ " m(e)

DenoteH;"jL(t) as the manufacturer’s profit when the manufacturer reféRetailer i. Due to the structure

symmetry, we obtain the optimal profits as follows:

(12 +0(1 = 0)(5+ 0))ap, + 2(3 + 0(4 — 62))orm + (6+ (2 — 0(3 + 0)))ows

i +(6 + 9(3 — 9))Oétj — 2(3 + 29)(3 - 92)CZ‘ — 2(6 + (3 — 9)9)6]')2
m(h) ~ A8(1+0)(2— 62)(15 + (9 — 20(2 + 0)))

j=3—i,i=12.

Furthermore,

2

\/Hrl o \/ 2 _ 9(1 + 9)2((0ét2 — Oztl) + g(_l—i%)(@ _ Cl))
m(h) mh) = JA8(1+ 0)(2 — 62)(15 4+ 6(9 — 20(2 + )))

Therefore, the manufacturer prefers exclusive referréddtailer 1 to exclusive referral to Retailer 2 if and

onIy if (atg — atl) + 96(_1—%(02 — Cl) > 0. Q.E.D.

Proof of Proposition 6: We first prove that with infomediary referratg(h) and dﬁb '(h) increase with

ay. Compare the manufacturer’s profits in exclusive refemnal o referral. We have

0Ty = /M) 1 6 . V3(12+ (1 - 0)0(5 +0)) :
day, 120 =00 +0) JO+0)(2—05)(15+0(9—202+0)))
< 0.

14



Deflneam’(h ) as the threshold value such that whep = az’('he), \ /H;fb(h) = /Hzg"(h). Based on Propo-
sition 2, we can thus infer thai%éhe) increases ag;, increases.

Compare the manufacturer’s profits in nonexclusive reffamd exclusive referral. We have,

O Wiy = Vo) NG B 124 (1-0)0(5 + 0)
day, 2B -0)(1+0) 4/3(1+60)(2—6%)(15+0(9—20(2+0)))
< 0,

aslonga$ < 0.73. Defineamhne) as the threshold value such that whep = a%%hne)’ \/H:jf(h) = \/H;ﬁ(h)-

Therefore,amﬁh ¢ increases withy,, if § < 0.73; otherwise,a™ (h ¢) decreases withy,. Note that when

o, [Tne, = /I ) i ‘
\/7(3%\/7 < 0, we may still have\/% > \/%

Compare the retailers’ profits in exclusive referral andefenral. We have

O — Vi) @400 -0) V244603 - 623 + 03+ 0)(3 ~ 20))))
dap, 2(4 — 62)/2(1 — 02) 122 —62)(15+6(9 — 20(2 + 0)))/(1 — 62)
< 0.
Definea” m(he) S whemny,, = am (he)? ,/HZ(’h I, - SOam(h ) increases withyy,.

Compare the retailers’ profits in nonexclusive referral exclusive referral. We have

ne rj
Witk — sz‘(m) B 2+6)(1-6) 108 —6(6+6(153 + 6(2 — 600 + 76°)))
day, 2(4—602)\/3(1 —602) 12(2—602)(15+6(9—20(2+0)))/2(1 — 62)
< 0.
Defineo/”(h o) S whemy,,, = am(hm 175, = Z(h So, am(hm) increases witlay;,.

Consider the demand nonnegative boundary. Deii‘jjg;w) as the threshold point Wheliéjjj(t) =0

_ di
wheng,,, = O (he)” We have

8D,’if(t>_i(_5+ 20 3(7T+0-20%)
Oay, 24 2—-602 15+060(9—20(2+0))

) < 0.

So whenay, increasesaf;(he) increases. Defina%(hne) as the threshold point whed®]'(,) = 0 when

pi
O = Qe We have

Dy 3-2
dap, — 6(2—0)(1+0)

< 0.
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So whenoy, increasesa‘jrj(hne) increases. We further obtain

aff(hne) ~ O (hne) (1+0)(are — apn) +2(c2 — 1) g — )
= 2(Ao + Co(———— + By)),

Qg — C2 a2 — C2 Qg — C2

where Ay, By, andCj are very lengthy and thus skipped here. After some nonkm@gebra, we can show

that Ap > 0 andCo(52= + Bo) > 0 whend > 0.73. Thus,afj(hm) — Oy > O Whend > 0.73.

ag2—C2

Let é‘i(h) = max[azéhne),apmi(hne),a%(hne)] and@%(h) = max[a%’('he),apmi(he),afr’;(he)]. Therefore,

A H ZLi i i
Gy @Ndy ) inCreases withayy,.

We now show that/! ;) can be lower tha;, anda.,, can be lower tham,} if ay, is sufficiently

low. By definition, we first have

1 2
P o dl d2 m

m(ne)’ m(ne)’am(ne)7am(ne)7am(ne)] > max[a? < aP? .

“H
Oy = max[a m(ne)’ ~ m(ne)

We can provéaf;l( of? > max[a%(hne),a%(hne),az(hne)] when(1+0)(cue —ay1)+2(ca—c1) =0

ne)’ —m(ne)

by comparing each component in both sides one by one. Duetiengx complexity, we show only one

example as follows.

14+0) (g — ) +2(co — ¢ Q1 — ¢
( Y2 — au1) + 2(c2 1)+F0( nT4 L gy
Qo — Co Q2 — C2

pl _pl _
Oém(ne) Oém(hne) = Do

where Dy, Fy, and Ej are lengthy and thus omitted. Givaﬁax[aij(hne),a%(hne),ag(hm)] = aﬂ(h), we
haveall > @g(h) if (140)(ae—au1)+2(ca—c1) = 0. Becauseiﬁ(h) strictly increases withy,, dﬁ(h) >
d{{n as long asy, is sufficiently high. Therefore, there exists a thresholdiea;,,, such that ifa, > ay,,

m jtil

thena)7,) > a/i. Similarly, there exists a threshold valdg, such thatmin[a[) ), akl,), ak7,] >

minlay, &y, 657]. Definedy, = max{ dn1, ano}. Therefore, ifa), > &, thena[, > & and
CAH ALl AL2 CAH AL L2
mln[am(h),am(h),am(h)] > min[a;,, Gy, G| Q.E.D.

Proof of Proposition 7: Compare two different exclusive referral scenarios whéteeeRetailerl or
Retailer2 is selected in the referral. Similarly, our following dission assumes nonnegative demand in
both traditional and referral markets, and an exclusiverraf will not occur if either the manufacturer or

the referred retailer cannot benefit from such a referral.

Without loss of generality, we mainly consider the case tdrring to Retailerl and the results can be
easily extended to referring to RetailerThe profit functions are given by

ag — Ooygy — p1 + Opa
1—62

M= -w—e) + pram = p1),
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— Oy — 0
' = (pa—w—cy) (atz O{ﬂ_952+ pl),
ap — Oogo —p1 + 0 oo — Oy — pa + 0
Hrml _ w( t1 £2 2}?1 P2 ¥ prom, — p1 + 2 al 2}?2 pl)‘
1-46 1-6
The second order conditions are given by
oyt 2(2—6? O%113! 2
= ( )<0and Z =- <0.
Opt 102 op3 1— 62

Solving the FOCs, we have

(446—20 2) w™ + (2—6%) an—baua+2 ( 1-6%) proy,+2 (2—62) c1+6 o

rl rl o
S 8 — 562 ;
(44 20—-202—6°) w — (30—260°) a1+ (4 — 362) cuo
rlo(orl\ + (9—93) p1o,+0 (2—92) c1+2 (2_92) o
Do (w ) =

8 — 562
Substituting the best response retail prices in terms ofahelesale price into the manufacturer’s profit

function, we obtain the optimal wholesale price that optiesithe manufacturer’s profit:

(446 (5—0—262)) proun—+ (4+6 (1—6 (3+0)))
+ (4+ (2—9) 9) Qi — (4 + 39) ( 2—92) Cl—(4 + 29—92)02
2(240 )(6+6(1 — 36)) '

wr1:

Substitutingw" into pi! (w™) and py ! (w"), we obtain the corresponding optimal retail prices. Sirtyja
we can obtain the results for the case where the manufaatuotusively refers to Retailer. Denotell”
as the manufacturer’'s profit when the manufacturer exalsikefers to Retailei. Due to the structure

symmetry, we obtain the optimal profits as follows:

((4+6 (5—6—2602)) piam+ (440 (1-0 (3+0))) ci+ (4+ (2—6) 6) o

/ — (44 36) (2-62) c— (4 + 20—67)c))’
HT’Z: - i 1 2
" 4(146)(2+6)(8 — 56%)(6+0 —36°) J=3-ii=1,

For exclusive referral to Retaildr to be the equilibrium choice, both the manufacturer and iReta
1 must be better off than in no referral. The discussion is atsaditional on nonnegative demand. We

enumerate on them sequentially.

() That the manufacturer is better off in the exclusive nefto Retailerl than in no referral is equivalent
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to

24+ 05— 0 —20%))prag, +2((4 +0(1 — 0(3+ 0)))an
+(A+2-0)0)aw — (4+30)(2—0%)c; — (44 (2 — 0)0)ca)

/Hrm1_ Mrr = R e
4/ (14 60)(2+0)(8 —502)(6 + 6(1 — 30)) 2V2V2 + 6 — 62
> 0.

Hence,\/II’} — \/II7" is a linear function ofy,,. Meanwhile,

5(\/11—2%—\/11%) B (4+0(5—0—20%))p
Doy, -~ 2/(1+60)(2+0) (8—562) (6+6(1 — 30))

Thus, there exists a single crossing point, defined@é), such that/II'! = | /TI"" whena,, = ag%e).
()

m( ) is decreasing witlp; because is increasing withp; .

(ii) That Retailer 1 is better off in the exclusive referralRetailerl than in no referral is equivalent to

T — /I =

V2 —02((1 = 0)(1 4 6)(32 4+ 6(16 — 30(5 + 20))) pram + (32 + (32 — 6(19 + 30(8 — 62)))) a1
—(16 +60(28—0(2+30(5+0))))a2 — (64 + 0(48 — 6(66 + 6(46 — 30(5 + 30)))))c1
(

+(16 + 0(28 — (2 + 30(5 + 0))))cz)

2v/1—-02(2+0)(8—562)(6+0(1—30))
_ (6+6-307)as1 —(2+(3—0)0) cveo —(6+6(1-36))e1 +(2+(3—0)0)ca 0
44/1-02(4—62) =

Similarly, \/II5* — | /TI?" is a linear function ofy,,, and

d (\/H_ll - \/H’f’“) V(@ —02) (2 62)(32+ 6(16 — 30(5 + 20)))p1

Dam - 22+ 6) (8 —562) (6 1 0(1— 30)) =0

i i i i i T nr 1
Thus, there exists a single crossing point, deflned’r’é(se), such that,/II7! = | /TIF" whena,, = a”m(e).
V-

m( ) is decreasing witly; because (

is increasing withp; .

(iif) We also ensure that the realized demand from the rafenarket is nonnegative. The demand is a

linear function ofa,,, as below:

((128 + 0(72 — (125 + (65 — 20(15 + 76))))) p1cum — (64 + (40 — (63 + (37 — (15 + 86)))))an
—(16 — 0(12 + 0(26 — (5 + 80))))asa — (2 — 02)(32 + (16 — 30(5 + 20)))cy
+(16 — B(12 + (26 — (5 + 86))))c2)

2(2+40)(8 —562)(6 +60(1 — 36))
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The corresponding slope with respectig is

112 4+ 45 n 144 n 45 — 2560 -0
240 216 8—562  6+6—302)"

Definea; ) such that the referral market demand is nonnegative as Bag, & o) . If @, < afl ),
in our analysis, Retailer receives zero demand rather than a negative derr%g) is decreasing withy,

because (112 + o5 + goegz + ooy 23532> p1 is increasing withp; .

Letal! = max[a%%e),afi(e),aﬂ( |- Therefore, ifar,, > a;!, exclusive referral to Retailer is the
equilibrium choice as compared to no referral. Otherwisereferral is the equilibrium choice. Similar
analysis applies to Retail®; andak? = max[azfe),af(e),agf(e)]. According to the definition@2? is

decreasing withp;,i = 1, 2.

Moreover,

" - 9—|—1 ((9(1—29)+4) (p1 —pg)Ozm— ((Oétl —Oétg) 9(9—1—1) —I—(Cl —CQ) (4—392)))
VL -V = 24/(0 +1)(6 + 2) (8 — 562) (6(1 — 36) + 6) '

Given /II"t + /II7? an (0+1) are positive, the result in Propositiahis con-
2\/(6+1)(9+2)(8—592)(6(1—39)+6)

cluded. Q.E.D.

Proof of Proposition 8: In nonexclusive referral, the equilibrium is given by

ne _ (1040(1 —40)) ;42 (6-0) cit (2 — 30) (e —2¢;) +((10+6 (1 — 49)) pi + (2 = 30)pj)um
bi = 8(4—62) ’

1
w = g(at1+at2+(pl + p2)am—2c1—2c¢9),

((pl + p2)am+at1+at2_2cl_262)2

I 16(2—0)(1+0)

For nonexclusive referral to be the equilibrium referrgleyit must be a mutual choice of the manufac-

turer and both retailers. For the manufacturer, it is edeivao prove that

VIIE — maz[\/11,] > 0, = nr, 71,72,

We find that,/I1"¢ — max| Hin] is a linear function otv,, (here we skip the lengthy equations for parsi-

mony). We obtain

0 (Ve = /Tar) — (p1+ p2)

dou, 4 /201 +0)
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and

OV - VL) (iapm) ((1+6)(4 +6(1— 20)))p
Do C4/2=0)(1+0) 20 +0)2+0)8—502)(6+0(1—30)) o

\/(2+6)(8—562)(6+6—362)
2v/2=0(1+6)(4+0(1-20))—/ (2+0) (8—562 ) (6+6—302)

(/)

means that— >0 When LL < pm(6).

o/ /)
- dom

Denote p,,,(0) = which solves = 0.1t

Therefore, comparing nonexclusive referrahX to no referral {r), there exists a single crossing point,
Oineyr SUCh thaty/TIEE > /I as long asy, > ot . Meanwhile, comparing nonexclusive referral

(ne) to exclusive referrals(), Whenp—? < pm(0), there exists a single crossing poin@;éne), such that
VIIme > /TI' as long asy,, > o (ne) =1,2.

For both retailers, /TI™¢ — /11! is a linear function ofy,,. We obtain

/TTne __ 7'"j
0 ( e =ik > _(6+60—36%)p; —(2+ (3 — e)e)pj+\/1 —02(16 + 0(—12 4 0(—26 + (5 + 89))))p;
O, 4,/2(1 — 62)(4 — 62) 2(2 +0)(8 — 502)(6 + 0(1 — 30))
_ (246)(8—502)(6-+0—302)>
T (2+40)(8—562)(6+0—362)(2+(3—0)0)—2v/2(4—02) (1—0) (14+6) (16-+6(—12+-0(—26+6(5+86))))

o) oy

= 0. It means that— > 0 whenZ: £i < p,(0). Therefore, Wherf—i < pAp(H),

Denotep, () , which solves

dam,

there exists a single crossing pomf”(ne) such that, /II7¢ > \/ 1177 as long asy,, > am(ne)

We require that the realized referral demand in nonexatusiferral must be nonnegative. Given that
the demand)¢ is a linear function ot,,, and the slope af,,, is

(2246 —76%)p; — (2+ 0(19 — 0 — 46%))p;

8(4 562 1 61) >0

5 — _ 2240-76°

= 0. It means that% > 0 when £t < pg(6).
m J
Therefore, when% < pa(0), there exists a smgle crossing pomﬂl , such thatD]¢ > 0 as long as
J

O > o ,i=1,2.

m(ne)

We now definer//! = mln[aKE o> 00l,i = 1,2, whereK € {m,p,d}, which satisfies the condition

that 22 > pi (0); & a2 = maxlapt o ant i = 1,2, whereK € {m,p,d}, which satisfies the con-

ne)’ —m(ne)l

d|t|on that% < pr(0). According to the definition, nonexclusive referral will bee equilibrium only
J
whenalll < a,, < all?. If all? < &', nonexclusive referral will never be the equilibrium. When

am > max[afl!t a!2], nonexclusive referral will not be the equilibrium, and thanufacturer will provide

exclusive referral to Retailer 1 for more profit.
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Whena,, < a2, the exclusive referral emerges as the equilibrium refféyze. Based on Proposi-
tion 7, if min[&/1?, aLl] < a,, < a2, the manufacturer will exclusively refer to Retailersince it is more

profitable than to exclusively refer to Retailer

~H2

2 gLl aL2 < a,, < min[all? &L, the manufacturer will exclusively refer to Retair

If min[&,)°, &y,
because exclusively refer to Retailzwould be the only viable referral choice and manufacturpréfit
is more than that in no referral. When,, < min[al2 &kl aZ?], the referral segment market size is too

m o) Tm

small such that no referral is the equilibrium choice. Q.E.D
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