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Abstract

In price matching negotiation (PM), a channel matches itsepwith the resulting whole-
sale price bargained earlier by the other channel. We iigastthis negotiation mechanism
and compare it with two benchmarks, simultaneous negotigtsN) and sequential negoti-
ation (SQ). Through a common-seller two-buyer Bertrand petition model, we find that
in PM the seller prefers to negotiate with the less powertuyldn, whereas in SQ the seller
prefers to negotiate with the more powerful buyer first. Eifnave different preferences for
PM and the benchmarks, and their discrepancy is irrecdsieildNith side payment or profit
sharing coordination, however, PM can emerge as a mutuetigficial choice for all firms as
compared to SN and SQ. We also study seller collusion in #éebdachannel model and find
that PM incurs fewer collusion incentives than SN and SQ. Wthe buyers have asymmetric
market sizesceteris paribusthe seller prefers to negotiate with the bigger buyer in .
finally demonstrate that our main qualitative results alrisbin Cournot competition.
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1 Introduction

Price matching (PM) negotiation, a bargaining mechanisrere/ta seller implements the same
selling price for all its buyers, has been widely utilizedtlre industry. For instance, in the US
auto industry, United Auto Workers (UAW) utilized it to piekhich of the big three to negotiate
with first and the resulting wage rate will be accepted by thewtwo (or UAW will strike against
the disagreeable company or companiels) the world iron ore industry, the “benchmark” — price
matching — system had been consistently practiced for nhare40 yearsKohler, 200§. Similar
pricing mechanisms have also been adopted in a variety abtnids, such as the pharmaceutical

industry (Marioso et al, 2011) and agricultureXia and Sexton2004).

In terms of the final sale price, the PM mechanism is similahtomost-favored-customer
clause aiming to prevent the seller from offering a lowec@tio another customer. For instance,
as requested by its suppliers, the Canadian InternationaDpment Agency imposes a Fair Price
Declaration stating that “We certify that the prices chdrgee not in excess of the lowest price
charged to anyone else, including our most favored custdioreike quality and quantity of the
products/services.” In the ebooks market, accordinyloeeCann (2013, “The publishers agreed
with Apple that the price of ebooks on Apple platforms wouddé to be as low as the price of the

same ebook on other platforms, principally Amazon.”

Bargaining theory was first introduced biash(1950 and has since been applied in a wide
range of channel structures. Despite its popularity, tharexmodeling literature has been surpris-
ingly mute on PM. To explore the PM mechanism, we study a Bedicompetition model with a
common seller and two buyers who negotiate on their reseatinolesale prices for an identical
intermediate good/supply, such as materials, a commautitg, product component. The buyers
then use the intermediate good to manufacture (end) pregdeitiher substitutable or complemen-
tary. In the game, the firms (i.e., the seller and two buyers) dietermine the wholesale price of
the intermediate good via negotiation (stage 1), and therbtiyers order the intermediate good,
manufacture the products, and finally sell the products tbcemsumers (stage 2). The two buyers

are asymmetric in terms of their bargaining powers relgtvie seller.
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In PM, the common seller will select a buyer to negotiate anviiholesale price and the re-
sulting wholesale price becomes the industry standardeifiegotiation fails, no trade occurs. We
compare PM to two benchmarkamultaneous negotiatiofsN) andsequential negotiatio(SQ).

In SN, the seller simultaneously negotiates with two buyetsile in SQ, the seller sequentially
negotiates with one buyer at a time. In both SN and SQ, theeglad# prices across channels do
not need to be identical, and if a negotiation fails, the @gponding buyer attains zero profit but
the common seller can still profit from selling to the otheyéu(seeDesai and Purohi2004
Dukes et al.2006 Horn and Wolinsky1988 O’Brien and Shaffer2005.

Our analysis shows that the seller’s preference of negmtiaequence is affected by the bar-
gaining power asymmetry. In SQ the seller prefers to negpotiéh the more powerful buyer first.
This negotiation sequence lowers the wholesale price fontbre powerful buyer, which results
in more intense horizontal channel competition and subestyureduces double marginalization
in both channels. In PM the same wholesale price will be appib both buyers, so the seller has

incentives to ensure a higher wholesale price by negogatith the less powerful buyer.

Compared to SN and SQ, PM cannot benefit all firms at the sanmee tWith symmetric
bargaining powers, when products are substitutes, thergeifers PM to SN and SQ, whereas
both buyers prefer SN and SQ to PM. This result comes fronde{odf between wholesale prices
and demand. When products are substitutes, the wholese¢eiphigher in PM than in SN and
SQ. The seller hence benefits from the higher wholesale,pricereas the buyers suffer from both
the higher wholesale price and lower demand caused by wedswuble marginalization. As the
bargaining power asymmetry grows, the seller's advanta§d increases for negotiating with the
weaker buyer to obtain a higher wholesale price, but at tperse of the buyers. When products
are complements, the bargaining power asymmetry resuliower wholesale price in PM than
that of the less powerful buyer in SN/SQ. This price, howeigestill higher than that of the more
powerful buyer in SN/SQ. Therefore, as long as the barggipmwer asymmetry is substantial,

the seller can still prefer PM by negotiating with the less/pdul buyer.

With side payment coordination, however, PM can emerge asitaatly beneficial mech-
anism for all firms especially when the bargaining power ims\etric. PM with side payment

(PMS) can generate more profits for all firms, as compared tar8\SQ with or without side pay-



ment. The side payment can better coordinate both chanpe&licing the wholesale price and,
thereby, lessening the double marginalization, espgaidilen the products are less substitutable.
On the other hand, when products are sufficiently subshitetshe price matching feature in PMS
provides an instrument to mitigate intensified horizontahpetition caused by side payment. As
bargaining powers become substantially asymmetric, tertnot negotiating with the seller can
no longer benefit from PMS, whereas PMS remains the top cliai¢be seller because of a rela-
tively higher wholesale price in PMS. Our extended disarsdemonstrates that these results hold

true if we replace the side payment coordination with prafarsng coordination.

We also examine the case where the buyers have differenteinsides. With symmetric
bargaining power, in PM the seller prefers to negotiate Withbigger buyer to achieve a higher
wholesale price throughout the market. In SQ the sellerepsab negotiate with the bigger buyer

first, for a higher resulting wholesale price and a biggerkeicsize.

By analyzing a bilateral channel with two sellers, we obséhat the two sellers have incen-
tives to collude in SN and SQ, because collusion allows thers¢o command a higher wholesale
price. However, the collusion incentives disappear in Pétduse the resulting wholesale prices

are bound by price matching such that the sellers yield timegaofits with and without collusion.

We finally demonstrate that our main qualitative resultsdhiolie in Cournot competition,
although it is more likely for the seller to prefer PM to SN/SQCournot competition than in
Bertrand competition. The likelihood of the seller chogsitM over SN/SQ increases in Cournot
competition because the wholesale price in Cournot comipefs lower when products are com-

plementary.

This article is closely related to the literature on negairain a competitive environment. For
exampleZusman and Etggi 981 applied Nash bargaining theory to analyze a simple theeet!
channel and examined the interrelations among individyatlit contractsO’Brien and Shaffer
(1992 studied a model with a seller offering non-linear contsdaotbuyersvon Ungern-Sternberg
(1996 considered a monopoly selling to a number of buyers andesiutie impact of reducing
the number of buyers on consumer price in both a Cournot nasakl perfect competition model.
lyer and Villas-Boag2003 analyzed how bilateral bargaining affects the degree ahnkl coor-

dination and overall profitnderst and Wey2003 discussed the merger incentive for a bilaterally



oligopolistic caseDesai and Puroh{2004) considered two sellers whose decision is to offer fixed
prices or to haggle over prices with customers (i.e., to &iargrices with the customers). In the

case of haggling by the seller, a detailed analysis of thegdéement point for customers is given.

In a model with two manufacturers and two multi-product iteta with bilateral channel
bargaining,Dukes et al (2009 showed that the manufacturers can benefit from cost asyrymet
between two retailers even though the low cost retailer hiast@r bargaining position than its
rival retailer. Marx and Shaffe(2007) detailed the effect of upfront payments in contracting and
pointed out that in any equilibrium the seller trades witle euyer.Chen et al(2008 developed
a simultaneous model of consumer brand choice and negbiaiee and showed that their pro-
posed approach fits the data of consumer choice and negigpiate. Feng and Ly2012 studied
a multi-unit bilateral bargaining framework in one-to-omed one-to-two channels and demon-
strated that low cost outsourcing may lead to a win-losearate such that suppliers gain and
manufacturers loseCai et al.(2012 provided bargaining solutions for revenue sharing rates i
exclusive channels via a model that investigates the firfmshoel selection decision among four
channel structuresGuo and lye(2013 investigated multilateral bargaining in a model with one
manufacturer selling through two retailers and compareditipact of negotiation sequence on the
firms. The work most related to our study is probaHigrn and Wolinsky(1988, who compared
simultaneous negotiation and sequential negotiationy Shewed that the seller could prefer ei-
ther mechanism. However, neithidorn and Wolinsky(1988 nor other articles have discussed
PM. For more bargaining models, one can refeBamks et al(2002, Gurnani and Sh(2006),
lyer and Villas-Boag2003, Lovejoy (2010, O’'Brien and Shaffe(2005, andWu et al.(2009.

This article is also related to the vast literature on chaepnenpetition and coordination.
Through a model with two exclusive channels without reveshagingMcGuire and Staelifl983
explained why a supplier would want to use an intermediatgilex in a bilateral channel model
with one supplier in each channel. In a model with a manufactand multiple independent retail-
ers,Ingene and Parrl 995 pointed out that the manufacturer will prefer the secoasdtbwo-part
tariff to a menu of two-part tariffs maximizing the channebfit. Raju and Zhang2005 showed
that a manufacturer would choose one contract (i.e., qyatscounts or two-part tariffs) over the

other in the presence of a dominant retail€ui et al. (2008 used a dominant retailer model to



demonstrate that trade promotions can benefit manufastaret the channel owing to the retail-
ers’ different inventory-ordering behaviorkiu and Cui(2010 studied a manufacturer’s product
line decision when the manufacturer sells through eithesrdralized channel or a decentralized
channel. For more discussion on channel management, onegfeayto Coughlan et al(2006),
Desai et al(2001), Jeuland and Shugdh983, and the references therein.

Compared to the above literature, our article makes seuerglie contributions. First, our
work is the first attempt to theoretically introduce and gmalPM. The price matching negotia-
tion occurs in a supply market resulting in the same whoéepate for all firms. This feature is
different from the price-matching guarantee in consumeaiketa where manufacturers and retail-
ers, while pricing differently, promise to match the lowadvertising retail price their customers
can find (see, e.gChen et al.2001;, Coughlan and Shaffe2009. Second, we comprehensively
compare PM to SN and SQ in terms of firms’ performance and dstrate that PM without coor-
dination is not preferable to all firms at the same time. Third point out that, with side payment
or profit sharing coordination, all firms can actually beniefim utilizing PM, as compared to SN
or SQ. Fourth, our analysis indicates that PM would incurdieeollusion incentives than SQ and
SN. We finally demonstrate that our main qualitative resudtsl true in Cournot competition and

when firms have asymmetric market sizes.

2 The Model

We consider a common-seller two-buyer channel model, wthereeller sells an identical inter-
mediate good/supply, such as materials, a commodity, codugt component, to the buyers who
then manufacture it into end products. For parsimony, waraesmanufacturing a unit of the end
product requires a unit of the intermediate material. Thepcts can be either substitutable or
complementary. This model can be easily adapted to accorumadlde scenario where a seller
sells an end product through two competing retailers to theket in which only substitutability

needs to be considered.

We derive the demand function from the following utility fttion of a representative con-

sumer, as developed Bhubik and Levitar1980, Singh and Viveg1984), andingene and Parry



(2007.
U= Z(ami —13/2) — yT1T0 — Z Dili,

i=1,2 i=1,2
wherez; denotes the demand level of the product carried by Buyedenotes the buyers’ initial
demand basey; represents the retail price for Buygrandy € (—1,1) denotes product substi-
tutability. Maximization of the above utility function iretms ofzx;, 7 = 1, 2, yields the following
demand function:

(1—=7)a—pi+p;
1 —~2

x2<p27p3>: y jIS—Z,Zzl,Q,

The buyers order at the same levels to clear the market. When, the products are substitutes;
wheny < 0, the products are complements. AsHiorn and Wolinsky(1988, each seller has

sufficient capacity to satisfy the total demand.

The wholesale prices of the intermediate good are negdtiadéeNash bargaining. To investi-
gate the impact of firms’ bargaining powers, we assume Bily&argaining power relative to the

seller isf; € (0,1) and the seller’s bargaining power relative to Buyes1 — 6.

In SN, the seller simultaneously negotiates with both buyers emnwtholesale price. When
a dyad (i.e., the seller and one buyer) negotiates, it is enrtorpresume that the other dyad
(i.e., the seller and the other buyer) would reach a dealishiait the equilibrium path, although
the negotiation results are not revealed until both negiotia end (se®esai and Purohi2004
Dukes et al.2006 Horn and Wolinsky1988 O’Brien and Shaffer2005. In SQ, the seller-buyer
dyads sequentially negotiate on their respective whaguades. The first dyad’s negotiation result
is known to the second dyad, a common assumption in thetliterésee, e.g.GGuo and lyer2013
Horn and Wolinsky1988. In both SN and SQ, if negotiation in Dyadi.e., the seller and Buyer
1) fails, Buyeri has no gain but the common seller can profit from another reggot with Buyer

j, wherej =3 —i.

What sets PM apart from SN and SQ is that the seller will neg@tvith only one buyer; once
the negotiation succeeds, the seller will announce thdtieguvholesale price and then use it for
all buyers. If the negotiation fails, no trade occurs. Duébargaining power asymmetry, the
seller needs to strategically decide which buyer to neggtigth in PM and which buyer to nego-

tiate with first in SQ. In these negotiation schemes, no reti@gon occurs if a negotiation fails,
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which is in line with Desai and Purohi2004), Dukes et al(20069, Horn and Wolinsky(1988),
O’Brien and Shaffef2005, and the references therein.

The timeline of the game is as follows. In the first stage, #llesnegotiates with the selected
buyer(s) on the wholesale price(s). Naturally, the resghvholesale price depends on the negoti-
ation scheme, PM, SN, or SQ. In the second stage, the buydgstbe intermediate good and use
it to manufacture their respective products. Finally, taednd is realized in Bertrand competition

between two buyers. The subgame perfect equilibrium isesbbsing backward induction.

3 Analysis of Bertrand Competition

3.1 Equilibrium Analysis

Since the game is solved backward, we first provide the sestage® results of Bertrand competi-

tion, and then analyze first-stage subgame of differenttiegm schemes: SN, SQ, and PM.

3.1.1 Second-Stage Results

For any given wholesale pricgs;, w;), the outcome of second-stage game is independent of

whether(w;, w;) is negotiated via PM, SN, or SQ. The profits for the buyers aedstller are

T = (P — wi) v (piapj) )
T = wir; (pi, ;) + wix; (Pis pj) -
The subscriptsi ands represent Buyerand the seller, respectively. The buyers seek to maximize

their own profits by choosing respective optimal retail sig; in a Bertrand (price) competition.

Solving the first-order conditions (FOCs) gives us the élopiilm retail prices as

(2—7—72)a+2wi+7wj.
(4—=7?)

pi (wi, w;) =
The resulting sales quantities are

2-1-7)a= =) it
- a-»
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The equilibrium profits are
mi (wi,wy) = (1—=7%) [@ (wi, wy)]?, (1)
7T5('LUZ', ’LUj) = ’LUZ'ZL'\Z‘ ('LUZ', ’LUj) -+ 'lUjZE'\j (w]', wl) . (2)
Based on the above results, we now proceed to the first stabe ghme to compare SN, SQ, and
PM.

3.1.2 Simultaneous NegotiationgN)

In SN, the seller negotiates with both buyers simultangoute firms’ profits are described by
(1) and Q). The bargaining solution paitw;?, szN) is an equilibrium, if Buyer and the seller
optimally choosev?™, provided that Buyej and the seller settle cmfN. The bargaining solution
(wi™, wiN) satisfies

SN
%

w s

’wa)]l_ei .

= argmax [m; (wi, wi™)]" [m, (ws, w]
:

Solving the FOCs yields
sv_ (1-8)1—-7)2+7y)2+v—1*—10)a

w 2(4— 572 +~v* + 2 (0; + 0; — 6:0,))

The outcomes are affected by product substitutabilipnd the firms’ bargaining powefs and
¢;. We can obtain thai’%zv < 0, which suggests that higher product substitutability ceduthe
wholesale prices. Consequently, retail prices declinechvieads to more intense horizontal com-
petition. Meanwhile, the order sizes also decline, bechiggeer product substitutability forces
buyers to order less to avoid overly intense horizontal cefitipn. Accordingly, each firm’s profit

decreases as product substitutability grows.

. QSN owsSN . T .
We can also obtalrg—a;_ < —5¢— < 0, which indicates that the wholesale prices decrease as
i J

the buyers’ bargaining powers increase. It is natural thastller gives up more profit margins to

the more powerful buyers.

3.1.3 Sequential Negotiation (SQ)

In SQ, different from SN, the second buyer can observe the birger's bargaining outcome

(Guo and lyer 2013 Horn and Wolinsky 1988. The firms’ profit functions continue to be de-
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scribed by {) and @). In the symmetric case wheée = 6;, the seller is indifferent about which
buyer to negotiate with first. Hence,df = ¢;, we assume a random tie-breaking rule such that
either buyer has the same chance to negotiate first with tlez. Sé the buyers’ bargaining pow-
ers are different, however, the seller’s choice of negotiasequence will affect the bargaining

outcome.

To compare the two negotiation sequences, we denote Bugerthe first buyer with whom
the seller negotiates, and Buyeas the second buyer. Thus, the round-2 equilibrium whatesal
price is

ws(wy) = argmax [my, (ws, wp)” (s (ws, wy) = wpz g (wy, we(wy)) =%,
which is given by

(1—6,)((2—7—9%) a+2ywy)
2(2-7%

ws(wy) = )

The equilibrium wholesale price in round 1 is

S % S S S —
wi? = arg max [os (wr, wy(wp)]™ [ (wy, we(wy)) = w(wf?)a, (wy(wi?), wi)] =%

Solving the FOC leads to

pSe_ 1=0)(1=7)2+7)2+7-7"—10)a
f 2(4 =592+ 44 +12 (07 40, — 0,0,)0,)

Similar to that in SN, higher product substitutability lowevholesale prices, retail prices,
order sizes, and hence firm profits. The seller will also redhe wholesale price for the more
powerful buyer. Comparing the firms’ profits in the two negtiin sequencesf, s) = (i, j) and

(f,s) = (j,1), we observe the following.
Lemma 1 Supposéd; < 0;.

1. The seller always prefers to negotiate with the more pawbeuyer (i.e., Buyey) first.
2. Buyeripreferg f,s) = (j,4) if and only ify > 0.

3. Buyer jprefers f,s) = (i, ) if v > 0; otherwise (i.e.;y < 0),
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o if; > 2,she prefers f, s) = (j,1);

o if 0; < 5=, she preferdf, s) = (j,7) whend; € (6;,0;(6;,7)] and (f,s) = (i, )
When9 € [9 (0:,7),1).

All proofs and threshold values’ expressions can be fourtthénAppendix (Online Supple-

ments).

To better understand Lemnia we first explain the symmetric case whéfe= 6,. As we
know, in SQ, the sequential negotiation process leads terdiit bargaining externalities for the
firms. This gives the seller an advantage because it takegto®d negotiation as the disagreement
point while the first buyer gains nothing if the first negatatfails. Provided);, = 6;, the seller
always commands a higher wholesale price in the first negamiaalthough it is indifferent about
which buyer to negotiate with first. The asymmetric wholegaices shift the competition edge

from the first buyer to the second one.

When#, < 6;, negotiating with the more powerful buyer (i.e., Buygras opposed to the
less powerful buyer first forces the seller to lower the firbiblesale price. This result leads to
more intense horizontal channel competition, which subsetly reduces double marginalization
in both channels. For the seller, the gain in higher demaddaglatively higher second wholesale
price due to negotiating with the less powerful buyer in tteosid round outweighs the loss in a
relatively lower first wholesale price. Therefore, the eselilways chooses to negotiate with the

more powerful buyer first.

For the less powerful buyer, if the products are substitatabprefers to negotiate second,
which results in a relatively lower wholesale price causgthle negotiation sequence; however, if
the products are complementary, this buyer can benefit fregtimating first for a higher demand
complementary effect, because the more powerful buyeisgaimgher demand resulting from a

lower wholesale price when negotiating second.

For the more powerful buyer, if the products are substifetabhas no incentive to negotiate
first because of the significantly negative impact of a higheolesale price. Nevertheless, if the
products are complementary, as long as the two firms are ihstamtially different in terms of

bargaining powers, the more powerful buyer can benefit fregotiating first because the demand
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complementary effect compensates for the relatively higllesale price.

3.1.4 Price Matching Negotiation (PM)

In PM, we first analyze the scenario where the seller choase®gotiate with Buyei. The
analysis for negotiation with Buygris similar. The firms’ profit functions continue to be deserdb

by (1) and @). The equilibrium wholesale price!* satisfies

wM — arg max [7Tbi (wiv wl)]

7
Wi

%

[77-8 (wiv wi)]l_ei .

Solving the FOC gives us:

It is somewhat surprising that the resulting wholesalegoisandependent of product substi-
tutability, because both buyers are bound by price matctitysubdues the channel competition
when products are substitutes. At the same time, it bluetsl@mand complementary effect when

products are complements.

Nevertheless, the wholesale price depends on the chosardmegotiation power. The
higher the buyer’s bargaining power, the lower the wholegaice. Comparing the firms’ profits

in situations where the seller negotiates with either bigeuds to the following lemma.

Lemma?2 1. The seller always prefers to negotiate with the less ptuvbuyer.

2. Both buyers always prefer that the seller negotiates thigdhmore powerful buyer.

A higher wholesale price pushes up retail price and hencgybriiown demand. The seller
will be directly affected by the wholesale prices and the dedlevels, while the buyers are also
affected by the retail prices. Given that changes in the agadé price will not be entirely passed
onto the retail prices because of the existence of interangdiuyers, the marginal change of de-
mand is in a lower magnitude compared to the marginal chahgdolesale prices. Therefore,
the firms’ preference of which buyer to negotiate with théesas largely affected by the corre-

sponding wholesale price.
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Given that the same wholesale price will be applied to botyesiin PM, the seller has
incentives to ensure a higher wholesale price in the negmtiaNaturally, the seller will choose to
negotiate with the less powerful buyer and then implemenhtgher wholesale price in the whole

market, at the expense of both buyers.

Lemma2 demonstrates that the seller’s preference to negotiatetha less powerful buyer
in PM significantly deviates from that in SQ, as indicated emimal, where the seller will nego-
tiate first with the more powerful buyer. This is caused bydéker’s different incentives in these
two negotiation mechanisms. In SQ, due to the asymmetridashte prices caused by the nego-
tiation sequence, the seller has incentives to subdue 8iéfiyer's wholesale price to intensify
the horizontal channel competition for double margindi@areduction. In contrast, in PM, the
seller always implements the same wholesale price. Ther'satharginal benefit of increasing the

wholesale prices for the whole market surpasses that ofldonérginalization reduction.

3.2 Comparative Analysis between Negotiation Mechanisms

Without loss of generality, we assurfie< 6;. Following Lemmasl and?2, the seller will choose

to negotiate with Buyei in PM and will choose to negotiate with Buygfirst in SQ.

3.2.1 PM versus SN

PM and SN share some similarity in that both buyers obtainvih@esale prices at the same time.
However, their best-response functions differ becauseftdrent disagreement points. In SN,
the wholesale prices decrease as product substitutappititys. By contrast, in PM, the whole-
sale price is insensitive to product substitutability giteat the two buyers are bound by price
matching. When products are independent, the wholesale disparity disappears as the down-
stream competition vanishes. Comparing firms’ profits in R &N, we obtain the following

proposition.

Proposition 1 Supposé; < 6,. There exist two threshold value%S,N (0;,7) andng(Hi, 7), such
that

13



1. When products are substitutable, the seller always mefM to SN. When products are
complementary, she prefers PM to SNJjft> @SN 0:,7);

2. The less powerful buyer (i.e., Buyigprefers SN to PM iffy > 0;

3. When products are substitutable, the more powerful b(iyer Buyerj) always prefers SN

to PM. When products are complimentary, Buygrefers SN to PM iff;, > @SN(HZ-, v)-

To interpret Propositiof, we first examine the symmetric case wheére- 6;. If products are
substitutes (i.e; > 0), as shown in the proof of Propositidn PM has a higher wholesale price
than SN, whereas if products are complements §.e:,0), PM results in a lower wholesale price.
Consequently, the wholesale price disparity in PM and Sec#gffirms’ preferences for PM or SN.

The seller prefers PM to SN whereas buyers prefer SN to PMif0 and vice versa otherwise.

When the buyers’ bargaining powers differ (i.&.,< 6;), the seller in PM has an advantage
in negotiating with the weaker buyer to obtain a higher whkale price. This benefit amplifies the
seller's advantage in PM as the bargaining power asymmetinysy When products are substi-
tutable, the seller always prefers PM to SN, which is the sasm the symmetric case. When
products are complementary, as long as the bargaining pasyenmetry is substantial, the seller
can still prefer PM, owing to the higher wholesale price froegotiating with the less powerful

buyer.

The seller’'s gain is the buyers’ losses. When products dostisutes, a higher wholesale
price in PM makes both buyers worse off. Both buyers becomee ikely to prefer SN to PM
as the bargaining power asymmetry grows. When products arplements, the asymmetric
bargaining powers result in a lower wholesale price in PWvhttiaat of the less powerful buyer
in SN, but higher than that of the more powerful buyer in SNgémeral, the lower wholesale
price leads to a lower retail price, which could benefit theeotbuyer by amplifying the demand
complementary effect, because higher demand in one chatinellates more demand for the
other, given thaty < 0. Therefore, there is a trade-off between a lower wholesaée @and a
higher demand complementary effect. For the less poweudygib(i.e., Buyer), it prefers PM to
SN when products are complements, owing to the higher dermamglementary effect. For the

more powerful buyer (i.e., Buyen, PM becomes less attractive if its bargaining power ersible
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to command a much lower wholesale price.

To examine whether PM, compared to SN, could result in a mighannel efficiency (i.e.,
total profit for all firms), we consider the special case whgre- 6; = 0. We find that, when
—1 < v < 0, the impact of higher demand is more significant than the ahp&lower retail
prices, thanks to the demand complementary effect. GivanRM has a lower wholesale price
when—1 < v < 0, its channel efficiency is higher. The impact of higher detheontinues to
be more significant than the impact of lower retail pricesydsecomes positive as long éss

. . —4+437y+14/16—87—15v2+8~4
sufficiently small (i.e.f < 7 o

). Due to its lower wholesale prices, SN has

higher channel efficiency than PM. Asbecomes larger (i.ef, > —-F7*v 162_787_157“874 given

~v > 0), however, the impact of higher demand caused by lower vglatdeprices slows down
because of higher product substitutability. Consequefahyfirms in SN, the additional demand
cannot compensate for the loss of marginal profits assalcwté lower retail prices. By contrast,
in PM, as product substitutability becomes substantiatiph the relatively higher wholesale price
softens horizontal channel competition, which prompts Bigenerate higher channel efficiency as
compared to SN. This result shows that, even though PM cdrematfit all firms at the same time, it
can generate higher channel efficiency, which prompts usgimes whether channel coordination

can make PM beneficial for all firms in Secti8r8.

3.2.2 PMversus SQ

To compare PM to SQ, we first consider the symmetric case where;. Based on the random
tie-breaking rule, the seller and both buyers are indiffeedout which buyer negotiates with the
seller first. Regardless of the negotiation sequence infSQyi0, w!™ > wi? andw!™ > w;?;
otherwise,w!™ < w?? andw!™ < w;?. Thus, when products are substitutes (e 0),
lower wholesale prices in SQ lead to lower retail prices aigthdr total demand and, therefore,
benefit buyers at the expense of the seller. When product®arplements (i.esy < 0), the lower

wholesale price in PM makes it more attractive to buyers ésg ko to the seller.

When the buyers’ bargaining powers are asymmetric, com@d&rms’ profits in PM and SQ

leads to the following result.
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Proposition 2 Suppose; < ¢;. There exist three threshold valueg, (6;,), 6;° (v), and
o
07" (0i,7), such that

1. When products are substitutable, the seller prefers PE@o When products are comple-
mentary, she prefers PM to SQ éff > @SQ 0:,7);

2. The less powerful buyer (i.e., Buyigprefers SQ to PM iffy > 0;

3. For the more powerful buyer (i.e., Buygr

(a) When products are substitutable, Buyer | prefers SQ tq iPH) < @SQ (v) andf; >
nsQ nSQ : .
07% (0i,7)- 1 0; > 07~ (), Buyer j prefers SQ to PM;

(b) When products are complementary, Buyer j prefers SQ toifPh} > 67 (6;, 7).

The rationale behind Propositichis similar to that for Propositiod. For the seller, the
advantage in PM to negotiate with the weaker buyer resuls Imgher wholesale price. The
advantage expands as the bargaining power asymmetry gsowfs,that the seller still prefers
PM to SQ even if products are complementary as long as theainamg power asymmetry is

substantially large.

Again, the seller’s gain is the buyers’ losses. Differentdrthat in SN, however, the seller’'s
preferred negotiation sequence in SQ gives an advantadee tiess powerful buyer (i.e., Buyer
1) who would negotiate second and enjoy a lower wholesale prizen products are substitutes
(i.e.,v > 0). Thus, the less powerful buyer (i.e., Buy@mprefers SQ to PM when products are
substitutes (i.esy > 0). When products are complementary, the demand complemesftact in
SQ significantly subdues because of the substantially highelesale price charged to the more

powerful buyer, making PM more preferable to Buyer

For the more powerful buyer (i.e., Buyg), the situation is more complex. As Lemrhan-
dicates, in SQ, the more powerful buyer prefers to negosi@tend when products are substitutes,
which is against the seller’s preference. Provided thas#lier negotiates with Buyer first in
SQ, it is somewhat non-intuitive that Buygmay actually prefer SQ to PM in the majority of the

domain when products are substitutes. The underlying neiggbat when products are substitutes
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Buyerj has to pay a higher wholesale price in PM than in SQ. When Big/bargaining power is
sufficiently small but close to Buyeis bargaining power (i.ef; < @-SQ (v) andd; < 5;9@ 0:,7)),
however, Buyer’s preference shifts to PM, because the wholesale price indR®latively more
affordable, whereas the adversity of negotiating first it seller in SQ becomes more signifi-

cant.

When products are complements, PM will result in a lower whale price than that of the
more powerful buyer in SQ if the bargaining power asymmetignnall, but higher if the bargaining
power asymmetry is substantial. Therefore, when Byigdpargaining power becomes sufficiently
larger than that of Buyei's, Buyer; will prefer SQ to PM; otherwise, PM is more preferable to

Buyer.

In terms of channel efficiency, giveh = 6, = 6, we find that PM always outperforms SQ
if v < 0; otherwise § > 0), PM outperforms SN if and only # is sufficiently large. This result
is similar to that between PM and SN. Unfortunately, the atkge of PM in channel efficiency
does not automatically benefit all firms as indicated by Psdgjmms1 and2. To show that PM
can actually outperform SN and SQ for each individual firmdtaneously, we next apply side

payment to facilitate better bargaining solutions.

3.3 The Value of Side Payment

As Sebeniug1992 argued, “cooperation and competition cannot be sepamatsiidying nego-
tiated agreements.” Side payment, equivalent to the fixesvahce in a two-part tariff contract,
has long been utilized as a cooperation tool to compensatedishdvantaged party in negotiation
(Feng and Lu2013 Harstad 2007 Weibust 2009. Side payment has two effects. First, it splits
the pie between negotiating parties — spditting-pie effectBecause we can utilize side payments
in PM, SN, and SQ, the splitting—pie effect does not autoralyi warrant an advantage for PM
over SN and SQ. Second, side payment can coordinate theiateggbarties and generate a big-
ger pie — themaking-pie effectAccording toDraganska et a[2010, in negotiation “the channel

members have realized that they can share a larger pie bpwungrcoordination in the channel.”

We hereby detail PM, SN, and SQ with side payment. We denotevRViside payment as
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PMS, SN with side payment as SNS, and SQ with side payment & B@MS the wholesale
price and the side payment are assumed to be matched in bainals, which is sufficient to
demonstrate the benefit of using side payment in PM. We aoatia refer to PM, SN, and SQ
as cases without side payment. We defihas the side payment transferred from Buyéos the

seller, which can be either positive or negative.

3.3.1 SN with Side Payment (SNS)

In SNS, the equilibrium wholesale price and side payntetit', 7°V9) maximize

ma [ 1, 05%) = 7% (1, 05) + 73— 05 (S, 5]

where the disagreement poif,;, d,) = (0, w?"%z; (wi™¥, wN¥)). The optimal side payment

satisfies

0o [ (e, w™) T3 = w5y (w5, wf™)] = (1= 0) [ (i, 05) — T3]

that is,

T, = (1 — 6;) my (wi,waS) —0; [, (wi,waS) —waij (ijNS,wZSNS)} .

Dyad-i firms choosev; ™ to maximizerm,; (w;, waS) + s (w;, w;™N®). Solving the FOCs jointly,

we obtain the equilibrium wholesale prices

2
sSNs _ 1@

w; 1
It is interesting that the wholesale prices in SNS are inddpet of the firms’ bargaining powers,
because the firms shift the influence of bargaining powerkdaide payments. The making-pie

and splitting pie effects of SNS can be summarized in thewalg two properties.

Property 1 (Making-pie effect) In channelthe Nash bargaining wholesale price can be obtained

from maximizing negotiating firms’ joint profit,; + 7, with respect taw;.

Property 2 (Splitting-pie effect) In channé] if the negotiation succeeds, the resulting Nash bar-
gaining solution on wholesale price is independent of tlsagiieement poind,;, ds). The negoti-

ation succeeds iff,; — T; > d; andnw,+71; > d, simultaneously (equivalent tq; + 7, > dy;+d);
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that is, the joint profit of negotiating firms is higher comedito the disagreement point. If so, the
extra surplus ,; + 75 — dy; — d) will be allocated to the two firms in proportion to their reiee

bargaining powers.

Because comparison of firms’ profits between SNS and SN indhemmetric case becomes

intractable, we focus on the symmetric case wltere 0; = 0.

Lemma 3 Supposd, = 0; = 6.

_ _ _9~2 3
1. The seller prefers SNS to SN iff eitfer< min ((2”)(1‘”’), A=) (t—dr—2"41 )) orf >

(2_7) 72(2—’)/)
(247)(1—) (1—7)(4_47_2724_73)
max ( 2—) T .

2. When products are substitutable, buyers prefer SI\EBEHW when products are

complementary, the buyers prefer SNSHEU-20 < 6 < Ggns s, Wherefsys sy =
(1-7)(4—87=872+7%) = (2-72) /4—16y—1272 474
2 .

72(2+7)(2—7)

Lemma3 demonstrates that coordination in competitive channets dmt always result in
more profits for all firms. Given that the firms’ preferencely @ only two parameters (i.ef,
and~), we can obtain a unique graph showing that in most of theldemdomain (i.e.f € (0, 1)
and~y € (—1,1)), the seller prefers SNS to SN, see Figlirdn contrast, the buyers’ preference
area of SNS is smaller, which largely overlaps with that & feller’s, as illustrated in Figure

2. In combination, all firms prefer SNS to SN in two regions: (1)8579 < v < 1 andf >
_ AN 9~2 3
max ((2”)(1‘”) A=) (t—dr—2"41 )> when products are substitutable; or (32021 < g <

2= 7 7%(2—7) 2=y =7 =
Osns—sn When products are complementary.

The above result occurs because, besides the wholesate NS gives the seller one more
decision dimension, side payment, to better influence thd&ehawhile each buyer has to com-
pete with the other buyer simultaneously. If the seller gslpowerful in bargaining (i.e§ >
(”(g#) the seller can command higher wholesale prices in SNSith&N to capture a higher
profit margin while paying a side payment to the buyers. Qtiss, the wholesale prices would
be lower in SNS, so the seller can benefit from double marngis#bn reduction resulting from

more intense horizontal channel competition. When pradaoe sufficiently substitutable (i.e.,
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Figure 1: The seller’s preference between SN¥igure 2: The buyers’ preference between SNS

and SN wherd, = 0; = 6. and SN wherd, = 0; = 6.

0.58579 < v < 1), the buyers can more significantly benefit from double nmaigzation reduc-
tion. When products are complementary, however, buyefempi@ver wholesale prices to benefit
from the demand complementary effect, which occurs whem ti@gaining powers are at the

medium-high level (i.e.% <0 < Ogys_sn)-

When bargaining powers are asymmetric (iée.# 0;), it becomes more difficult for firms
to coordinate the whole system. Because the asymmetriainang powers unevenly shift profits
from one firm to the other, the common area that all firms pr&fd6 to SN shrinks as firms’
bargaining powers become more asymmetric. We use Figtoedllustrate the firms’ preference
shift. Each parenthetical notation in Figusendicates the preference of the seller, Buyeand
Buyer j, respectively. Thus, for example, (SNS, SN, SNS) meanstkiwateller prefers SNS,
Buyer: prefers SN, and Buyer prefers SNS. As Figurg indicates, if products are substantially
substitutable (i.e., in the (SNS, SNS, SNS) area), all firne$gp SNS to SN, which is consistent
with Lemma3. When products are slightly less substitutable and firmsjdiaing powers are
close to be symmetric in the area of (SN, SN, SN), all firmsesdfom better channel coordination,
a phenomenon similar to the prisoner’s dilemma. Overalljne with the symmetric case, the
seller is more likely to prefer SNS while buyers are morellike prefer SN, because the seller
is in a better position to command more profits from the cawtion. Intuitively, as Figur&
depicts, the more powerful buyer (i.e., Buy@mwill gain more profits from channel coordination

asf; grows.
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Figure 3: The preference between SNS and SN of (the sellgerBuBuyer ;) whered; = 0.5.
3.3.2 SQ with Side Payment (SQS)

In SQS, similar to that in SQ, we assume in round 1 the sellgotietes with Buyerf and round

2 with Buyers. The round-2 equilibrium solution satisfies

max [, (ws, wy) = T]" [y (we, wy) + Ty — wpap(wy, wy(wp))] 7.

The round-2 optimal side payment is
T, = (1= 0) mos (e, w5) — O [ma(ws, wp) — wpay (wy, w,)]

Then the equilibrium wholesale price that maximizes thetjprofit of the two firms is

Y(Y(2—7—77) a+ dwy)
4(2-1?)

wy(wy) =

The round-1 side payment is

Ty = (1= 0p) mos (wy, ws(wy)) — Op [ (wp, ws(wy)) — ws(wy)zs (ws(wy), wy)] .

Then the wholesale priee; " maximizingm,; (wy, w,(wy)) + m,(wy, w(wy))) is given by

sos 11 +7)(2-7)a
wpe” = 1 .

Accordingly, we have

SQS ’a
w9 = (%) = 1%

Properties 1 and 2 for SNS continue to hold true for SQS. Butyns out that comparison

between SQS and SQ becomes intractable even for the syroede wheré, = 0; = 0. Because
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Figure 4: The seller’s preference between SQ&igure 5: The buyers’ preference between SQS

and SQ wheréd, = 0; = 6. and SQ wheré, = 0; = 6.

there are only two parameters (i.eand~) in the symmetric case, however, we can obtain unique
graphs to depict the firms’ preferences. As Figuteand?5 illustrate, the seller prefers SQS to
SQ in most of the feasible area, while the buyers’ preferearea of SQS is smaller, which is
very similar to what Lemma& describes in comparison of SNS and SN. Indeed, the undgrlyin
reasons for the firms’ preferences are also very similarabdhSNS and SN. Overall, the seller
can largely benefit from the side payments, whereas the dyyrefer SQS if and only if their

bargaining powers are sufficiently large.

When bargaining powers are asymmetric, we observe veryagiresults as in the comparison
of SNS to SN and thus skip the details here for parsimony. Imegd, the bargaining power

asymmetry reduces the overlapping area where all firmsps&€& to SQ.

3.3.3 PM with Side Payment (PMS)

In PMS, if the seller chooses to negotiate with Buyedue to the price-matching clause, both
buyers pay the samev;, T;) to the seller. Therefore, the seller and Buyetbargaining solution
is to maximize the following equation:

max [Ty (Wi, w;) = T; — dbi]ei (s (w;, w;) + 2T — ds]l_(’i ’

where(dy;, ds) is the disagreement point. The FOC with resped;tieads to
0;
T = (1 —6;) [mpi (wi, w;) — dii] — 3 (75 (wy, w;) — dy] .
Then the wholesale price maximizeg (w;, w;) + %ﬂ's (w;, w;), which gives us
rvs _ 4
w; =5
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To demonstrate that PMS can outperform PM, SN, SNS, SQ, aigif&ll firms, we allow
(dyi, ds) of PMS to be the resulting firm profits of PM, SN, SNS, SQ, and SQfat is, given
the current negotiation scheme of PM, SN, SNS, SQ, or SQS,iseest whether firms have an
incentive to move to PMS. The making-pie and splitting pfe&f of PMS can be summarized in

the following two properties.

Property 3 (Making-pie effect) In channeélthe Nash bargaining wholesale price can be obtained

from maximizingr,; + 37, with respect tav;.

Property 4 (Splitting-pie effect) In channe] if the negotiation succeeds, the resulting Nash bar-
gaining solution on wholesale price is independent of tlsagiieement poind,;, ds). The nego-
tiation succeeds iff,; — T; > dy; andn, + 2T; > d, simultaneously (equivalent tg, + %ws >

dy; + %ds). If so, the extra surplusn,; + %7?3 — dy; — %ds) will be allocated to the two firms in

proportion to their relative bargaining powers.

As shown in Properties 3 and 4, for PMS the Nash bargainingtisol on wholesale price
is independent of the disagreement point. Furthermoregptheprofits of all firms in PMS (i.e.,
m) are independent of the firms’ bargaining powers. This mgglgjgest that price matching
enables side payment to better coordinate the firms. Indeisdhe making-pie effect that makes
PMS attractive to all firms compared to PM, SN, SNS, SQ, and,S@#&h can be supported by

the following proposition.
Proposition 3

1. For all firms, for any ¢;,0;), PMS outperforms PM.

2. For the seller, for any#;,0;), PMS outperforms SN, SNS, SQ, and SQS. For the buyers,
providedd; = 0; = 6, PMS outperforms SN, SNS, SQ, and SQS.

Side payment has two effects: It coordinates each chanoeldmation effect), but it in-
tensifies horizontal channel competition by eliminating ithtermediary cushion (competition ef-

fect). Consider the symmetric case whéye= 0; = 6. When products are substitutable, PMS
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commands a higher average wholesale price than SNS and SQSed@uently, the average retail
price is higher in PMS, which prevents firms from engaging werty intense horizontal chan-
nel competition and, therefore, softens the intensifiedpetition effect caused by side payment.
When products are complementary, the wholesale price in BM&wver than in other negotia-
tion schemes, and accordingly the retail prices are lowbighvconsequently reduces the double
marginalization in both channels. This boosts the compatiffect caused by side payment, and
enhances the demand complementary effect enabling firmeptore more demand. As a result,
in the entire domain, the making-pie effect generates mxra @rofits for all firms in PMS than
in PM, SN, SNS, SQ, and SQS.

Indeed, the making-pie effect in PMS is so significant thatitteconcilable conflict of firms’
preferences in PM, as described in LemBavanishes for anyé(,0;). At the same time, the
splitting-pie effect distributes the extra profits to eachfin proportion to its relative bargaining

power such that all firms prefer PMS to PM.

Proposition3 also demonstrates the superiority of PMS over SNS and SQ&lIffarms pro-
videdf; = 0; = 0. The price matching feature in PMS provides an instrumemhitate the
intensified competition caused by side payment when prgdaret substitutes. This is a stark dif-
ference from SNS in Lemm® where firms may encounter a prisoner’s dilemma caused by coo
dinating competing channels, a phenomenon similar to theddantage of channel centralization
demonstrated biyicGuire and Staelifl983. Price matching coordinates both channels more ef-
fectively by binding them under the same wholesale pricelethe making-pie effect of the side
payment attenuates horizontal channel competition mgrefsiantly and, hence, generates more

profits for all firms.

In the asymmetric case whefie < 6,, to take a glimpse of how the asymmetric bargaining
powers impact all firms’ preferences, we graphically denrawes the firms’ preferences between
PMS and SNS in Figuré. The comparison between PMS and SN, SQS, and SQ is similasand
omitted for parsimony. We observe that the seller continadavor PMS over SNS in the entire
feasible domain, because the seller can better influencénthlewholesale price by selectively
negotiating with its preferred buyer. We find that Buyeaiso prefers PMS to SNS, because Buyer

1 can bargain for a better term in wholesale price and side paymhen negotiating with the seller
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Figure 6: The preference between PMS and SNS of (the selige, Buyer ;) wheret; = 0.5.

in PMS. For Buyerj, PMS is still attractive if products are substantially sitbtable so Buyer
can benefit from less intense horizontal competition, ordfdoicts are very complementary so it
can benefit from significant demand complementary effedie@iise, as shown in Figuf SNS

is better for Buyerj as long as its bargaining power is sufficiently higher thagdsu'’s.

4 Extensions

This section extends our baseline model to accommodatéematif coordination scheme, asym-
metric market sizes, seller collusion in a bilateral chédn@eurnot competition, and the impact of

a forward market and a cyclical market.

4.1 Profit Sharing Coordination

The extant literature has shown that many coordination er@sins can perform equivalently
(seeCachon 2003. While one focus of this paper is to demonstrate that fofiatis PMS can
outperform the other negotiation mechanisms, this sec¢tiatedicated to exploring whether or
not another coordination mechanism, profit shari@gyal 1976 Joglekar and Tharthar&99Q
Jabera and OsmanB006), can also improve the firms’ performance. In profit shariegp; €

0, 1] denote the fraction of Buyeis profit shared to the seller. The profits for the buyers aed th
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seller in each channel are

T = (1= ;) (pi — wi) z; (pispy)

Tsi = (Wi + @i (pi — wi)) 2 (pis pj) -
wherer,; denotes the seller’s profit from selling to Buyier

In PM, we assume that the wholesale price and profit shartmaee matched in both chan-

nels. Suppose the negotiation is in channéhen we need to solve

max [my (wi, ¢;) — dy)” [ms (wi, i) — dg) 77 .

Wi ,Pq
In SN, the equilibrium decisiotw?™, wy™, o7V, oSN, (WP, ¢2V) solves

max [sz (wza SN,CbzaCbSN)} [7?8 (wi,wa7¢i’¢fN) — Tsj (’LU;SNjw;S’N’Cb]SN’QS;S’N)]l—Gi‘

Wi, (z)z

In SQ, the equilibrium decisionsv,(wy, ¢¢), ps(wy, ¢s)) solves

max [y (s, wy, ds, 65))" 75 (wr, ws, by, 05) — Tsp (Wy, ws(wy, dy), b7, ds(wy, o))",

Ws,Ps

and(wf : gb ) solves

Ty (moy (wp, we(wy, &5), b, da(wy, d7)))" %

1-6;

7o (wy, w0y, 6), 07, 00wy, 65)) = mos (w52, w52, 652, 679) |

Solving for the equilibrium strategies in PM, SN, and SQ watbfit sharing and comparing

their profits to those with side payment, we observe thevotig result.

Proposition 4 For any ¢;,6,), profit sharing is equivalent to side payment in coordingtPM,

SN, and SQ in the model with a common seller and two buyers.

Proposition4 indicates that with a properly chosen profit sharing ratepdican obtain the
same profits in PM, SN, and SQ as those with side payment. fneresimilar to the side pay-
ment coordination, profit sharing does not always benefiiratis in general, although one can

manipulate the profit sharing rate to benefit one firm over thero
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4.2 Bilateral Channel and Seller Collusion

Different negotiation mechanisms lead to different prdftsfirms. One concern is whether a
certain negotiation mechanism would provide more incestithan others for multiple sellers to
collude or form coalition. To address this concern, we adersa bilateral channel model consisting
of two seller-buyer dyads, also referred to as a dual-ek@ushannel or an independent-sellers
channel Ha et al, 2012, Horn and Wolinsky 1988 McGuire and Staelin1983. The sellers sell

an identical intermediate good/supply to their respediivgers who then manufacture it into end
products. For any given wholesale prides, w,), in PM, SN, and SQ, the profits for the buyers

and the sellers are
Ty — [pi (xi,%’) - wi] i, 1=1,2,
Tsg — WXy, 1= 1, 2.

The subscript$: andsi represent Buyei and Selleri, respectively. The remaining model is the

same as our baseline model with a common seller.

Our analysis shows that the main qualitative results in theelne model with a common
seller continue to hold true in the bilateral channel moBet.example, as compared to SN and SQ,
PM without coordination cannot be beneficial for all playatrshe same time. With side payment,
however, PM may emerge as a mutually beneficial mechanisailfimms. This demonstrates that

the impact of price matching is consistent in these two parpouit different channel structures.

To further compare these two channel structures, for toditta we limit our following dis-
cussion to the case wheflg= 6; = 6, which is sufficient to demonstrate the disparity of columsi
incentives among different negotiation mechanisms. Iftthe sellers in the bilateral channel
have incentives to collude, their joint profit must be lartfean the common seller’s profit in the
common-seller channel. Note that we focus on the collusioentive rather than how the firms
would collude. While explicit collusion is illegal in mostarkets, a tacit collusion can still garner
a portion of aforementioned incentives for engaged sell@éosnparing the firms’ profits in the two

channel structures, we observe the following.

Proposition 5 In the symmetric case whefle= ¢, = 6, there exist two threshold valu@f}/(w)
andf;9(~), such that:
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1. In SN, the sellers in the bilateral channel have incemstiteecollude when, > 0, or when

v < 0andf < 05N (+);

2. In SQ, the sellers in the bilateral channel have incemstitcecollude when, > 0, or when

v < 0andfd < 052(7);

3. In PM, the sellers in the bilateral channel have no incemto collude.

Proposition5 indicates that the upper-stream sellers in the bilaterahokl have more in-
centives to collude when the negotiation mechanism is SNV8hen products are substitutes,
both sellers will seek coalition or collude in SN and SQ. Wipeoducts are complements, both
sellers have positive collusion incentives if and only i€ thellers’ negotiation powers are sub-
stantially larger than the buyers’. The rationale is thdlusion allows the sellers to command
a higher wholesale price. Although () and#;%(+) are very close when < 0, we have
05N () < 052(7) in the feasible domain, which indicates that the sellerfiusion incentives in

SQ are slightly more than those in SN.

The above collusion incentives in SN and SQ diminish in PMe fdason is that the resulting
wholesale prices are bound by price matching and becom@émdient of product substitutabil-
ity. Therefore, the sellers will obtain the same wholesaieepin both channel structures. Given
that the downstream competition remains the same, thesglidd the same profits in both chan-
nel structures. This observation suggests that the neigotimechanism does affect the firms’

collusion incentives and that the seller coalition in PMesd attractive than that in SN and SQ.

4.3 Analysis of Cournot Competition

This section compares Bertrand competition to Cournot eitipn. While in Bertrand com-
petition the buyers compete on price, in Cournot competitions compete on quantity. To be
consistent, we use exactly the same setting in the baseluelnof the Bertrand competition,
except that the buyers determine their order quantitiealtameously in a Cournot-Nash game.

1

In PM, we obtainw/%. = % which is exactly the same as that in Bertrand compe-

tition. This occurs because price matching makes the waldgsice independent of product
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substitutability, and thus independent of the competitosmat. Therefore, similar to Lemntain

Bertrand competition, the seller will prefer to negotiaighvthe less powerful buyer.

In SN and SQ, we find that the wholesale price is generallydrighCournot competition than
in Bertrand competition ify > 0, but it is lower ify < 0. This is consistent with the conventional
wisdom that quantity competition is less intense than pcm@petition. As a result, the impact
of competition formats among negotiation mechanisms hekeé wholesale price disparity in SN
and SQ.

Due to the similarity of channel structure and negotiatioocpdure, however, the results in
Cournot competition resemble those in Bertrand compaititieor example, in Cournot compe-
tition, assuming, < ¢; and comparing PM to SN in terms of firms’ preference of negiotia

mechanism, we find the following results where subscript d@€hotes Cournot competition.

1. When products are substitutable, the seller always ¢ to SN. When products are
complementary, she prefers PM to SNdff> @SEVC (0:,7).

2. The less powerful buyer (i.e., Buygrprefers SN to PM iffy > 0.

3. When products are substitutable, the more powerful b{iyer Buyerj) always prefers SN

to PM. When products are complimentary, Buygrefers SN to PM if); > éfivc(ei, 7).

One can easily tell that the above results are almost iddniicPropositionl except for
the differences in the two threshold valuesfof Similarly, comparing PM to SQ, we have the

following.

1. When products are substitutable, the seller prefers PSItoWhen products are comple-

mentary, she prefers PM to SQ #ff > @\ff?c (0i,7)-
2. The less powerful buyer (i.e., Buygrprefers SQ to PM iffy > 0.

3. For the more powerful buyer (i.e., Buygr

(a) When products are substitutable: i) When< @S_QC, Buyer j prefers SQ to PM iff
0; > 07%.(6;,7); ii) Whend; > 6., Buyer;j always prefers SQ to PM.
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(b) When products are complementary, Buy@refers SQ to PM, iff); > 65%(6;, 7).

The above results are almost identical to Proposifiaf Bertrand competition except for
those threshold values. We then compare the thresholds/bkteveen Bertrand competition and

Cournot competition in SN and SQ and have the following olztérn.

Proposition 6 It is more likely for the seller to prefer PM to SN/SQ in Cournompetition than
in Bertrand competition. Provide# < 6;, however, the opposite is true for the BuyeBuyer:

is indifferent.

Comparing the threshold values in Bertrand and Cournot etitign, we find that in SN,
if products are complimentary (i.e;, < 0), then@fN (0;,7) > @SEVC (6;,~) and @SN(HZ-,V) >
05%.(0,,). In SQ, if products are complimentary (i..< 0), thend;? (6;,v) > 5% (¢;,~) and
072(6:,7) > 0;“.(6;,7). If products are substitutable (i.e..> 0), 6, (6;,7) > 67% (6;,7) and,
if 0; is sufficiently small, thed;?(6;,~) > 67%.(6;,). The area where the seller prefers PM to
SN/SQ enlarges as the threshold valué ashrinks (e.g.65 (6;,v) is smaller thard?™ (6;,)).
Therefore, the seller becomes more likely to prefer PM toSENIn Cournot competition than
in Bertrand competition. The likelihood increases in Catirtompetition because the wholesale
price of PM under Cournot competition is lower when prodacescomplementary. The reverse is
true for Buyerj. Buyeri is indifferent because its preference is independent dditioge threshold

values

The comparative results with side payment in Cournot coitipetare also very similar to
those in Bertrand competition. Given that in PMS the whdeegaices are the same in both
competition formats, the firms’ profits are the same. In bdif§&nd SQS, however, Cournot
competition has a higher channel efficiency than Bertramdpegition provided); = ¢, because

the horizontal channel competition is softened when firnmpete in quantity rather than price.

4.4 Impact of Asymmetric Market Size

Oftentimes, buyers have different market sizes (kg.# a;). For tractability, this subsection

focuses on the impact of market asymmetry under Bertrancgpettion assuming; = 6; = 6.
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We extend the utility function for a representative consumeur baseline model to the following

wherea; # a;:

U= Z (ajz; — 27 /2) — yr109 — Z Dili.

i=1,2 i=1,2

The game setting is the same as that in the baseline modeptetkat the parameter™ will be
replaced with &;” and “a;” for Buyer ¢ and Buyerj, respectively. Comparing the firms’ profits

under different negotiation sequences in PM and SQ resutteeifollowing proposition.
Proposition 7 Supposé#; = 0; = § anda; < a;.

e In PM, the seller always prefers to negotiate with the bigoeyer (i.e., Buyer), while the

buyers always prefer to let the smaller buyer (i.e., Buyeregotiate.

e In SQ, the seller always prefers to negotiate with the bidusrer (i.e., Buyey) first, while
the smaller buyer (i.e., Buyey prefers to let the bigger buyer (i.e., Buygmegotiate first if
and only if products are substitutes (i.e.;> 0) and the bigger buyer (i.e., Buye) prefers

to negotiate first if and only if products are complementas. (y < 0) anda,; < —aZ

Proposition7 suggests that firms continue to have different preferensesdgotiation se-
guence, because one’s gain is at the expense of the othdPdd,Ithe seller prefers to negotiate
with the bigger buyer, because the bigger buyer’s stakegienithan the smaller buyer’s if the

negotiation fails and the bigger buyer has more cushionbgoré a higher wholesale price.

Recall that in the symmetric case whéte= 60, anda; = a;, the seller always commands
a higher wholesale price in the first negotiation of SQ. Rieglz; < a;, by negotiating with the
bigger buyer (i.e., Buyej) first, the seller can benefit from not only an even higher whale price
but also a bigger market size from Buygr For Buyer: (i.e., the smaller buyer), if the products
are substitutable, it prefers to negotiate second to bdnafita lower wholesale price; however, if
the products are complementary, a higher demand complamyesftect surpasses the benefit of a
lower wholesale price and alters Buyiéx preference to negotiate first. Similarly, Buyeprefers
to negotiate later for a lower wholesale price when prodactssubstitutable. Buyei would

prefer to negotiate first if and only if the demand compleragnéffect surpasses the disadvantage
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of a higher wholesale price when its market size is not togtuttially bigger than Buyeis (i.e.,

a; < a; < %ai providedy < 0).

Similar to our previous discussion of asymmetric bargajrpowers, firms continue to have
irreconcilably different preferences between PM and SN&Qnarket size asymmetry varies.
With coordination (e.g., side payment), PM can again emasga mutually beneficial choice for

all firms as compared to SN and SQ, especially when buyerehaizes are close to symmetric.

4.5 Impact of Forward Market and Cyclical Market

For tractability, we have assumed firms earn nothing if ajjat@tions fail. In reality, firms might
have outside options, such as the forward market for comtmesdivhere a price is set for future
delivery. If the influence of the forward market is substalnfirms will be less likely to reach a deal
via negotiation, because either the seller or the buyerapillout of the negotiation if the future
commodity price is too high or too low, respectively. Whiltbavard market can timely reflect the
supply-demand relationship, a long-term negotiated esh@is discussed in this paper can better
stabilize a firm’s operational and financial flows and attfiacts averse to volatile markets. In this
sense, although our model aims to compare different néguotimechanism for a wide variety of

industries, it is more suitable for industries without afiuantial forward market.

To obtain analytical comparison, we also assume that tiseme demand uncertainty. With
demand uncertainty, such as cyclical market trends, firme ba forecast the total demand to
estimate the market size (i.e., the parameten the model). Because it is very challenging to
forecast the cyclical trend of most markets, the marketgaameters in our model will be largely
uncertain. Nevertheless, if firms are of similar marketsizair main qualitative results are likely
to sustain, because the comparative conclusions with synannearket sizes are independent of
the size of the market. If firms are asymmetric in market siagsshown in sectiod.4, firms’
preferences can shift as market sizes change. Notwithagrahe may submit the average market

sizes into the model to approximate the qualitative results
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5 Conclusion and Implications

This paper investigates the price matching negotiatiornaeism and compares it to simultaneous
negotiation and sequential negotiation in a common-sellerbuyer Bertrand competition model
with asymmetric bargaining powers. We first find that in PMg feller prefers to negotiate with
the less powerful buyer, whereas in SQ the seller prefersgotiate with the more powerful buyer
first. Comparing firms’ preferences among PM, SN, and SQ feteat no negotiation mechanism
is preferable to all firms at the same time. With side paymenprofit sharing coordination,
however, PMS can outperform PM, SN, SNS, SQ, and SQS formléfaspecially when bargaining
powers are symmetric. We also observe that in a bilateralradavith two sellers, the two sellers
have more incentives to collude in SN and SQ than in PM. Ounrgaalitative results hold true
in Cournot competition although it is more likely for thelselto prefer PM to SN/SQ in Cournot
competition than in Bertrand competition. If the buyerdatiin market sizes, the seller prefers to
negotiate with the bigger buyer in PM and the seller prefersegotiate with the bigger buyer first
in SQ.

There are three main managerial insights resulted frominkestigation. First, in practice,
firms have choices of different negotiation mechanisms. &alysis suggests that, without co-
ordination, the buyers and the sellers may prefer diffenegiotiation mechanisms depending on
product substitutability, bargaining power asymmetry] amarket size asymmetry. Therefore, it
can be beneficial for the firms to form partnership in orderao@ better negotiation position
in selecting a specific negotiation mechanism. Second nifsfiwould coordinate in negotiation,
price matching can actually emerge as a mutually benefibiaice for all firms. Managers are
thus advised to exert additional endeavor to coordinateytsem. Third, from a legal perspective,
when there are multiple sellers, compared with SN and SQ, &Mbetter prevent the sellers from

collusion.

This paper is the first attempt to analytically interpret ithgact of price matching on nego-
tiation. To characterize PM, we focus on the pros and condWf&PB compared to SN and SQ.
Nevertheless, many other issues related to PM remain walvd are our future research prior-

ity. For example, would firms change their preferences foriFdyers own stocks of the seller or
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vice versa? Would other coordination mechanisms besi@epagiment and profit sharing lead to
higher channel efficiency? Or how would production capaciggotiation cost, renegotiation, and

negotiation ending time affect the bargaining solution?
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Appendix: Online Supplements

This Appendix provides supplementary results for the papece Matching Negotiation in Com-
petitive Channels.” We present all proofs, in addition tav@arison of SQS and SQ and Cournot

Equilibrium Analysis, in the sequence of their appearaitéise paper.
Proof of Lemma 1.

First, we discuss the seller’s preference on negotiatiqnesece in SQ. The seller’s total profit

equals

(2067 —02) (*+16) +2 (1 —6%) (1 —062) (—" + 87)
— (02 =302 +20, —8) 07 — 20, (1 —0,) (2 —62) 05 + (2 —62) (9 — 62)) x
AT=NC+7) | O +42)+2(1—0p) (1 —02)(T+70; — 02 — 20,0, + 6,62) (v° — 29%) | @
- (23 — 60, + 1202 — 262 — 302) 63 74
+80, (1 —0,) (2—07) 0y — 4(2 = 02) (T — 62)
4(14+7)(2=7) (2=72) (4 =572 + 74 + 72602 + 2050, — 120,62)°

The profit difference between sequeriges) = (i, j) and(f, s) = (j,4) equalsR, x Ry, where

. P (L49) 2= 7) (1 6) (L 6) (6 — 6,) N
(4= 592 + 4" + 9202 + 9200, — 20,02)° (4 — 572 + 41 + 7207 + 720,60, — v2030,)°

R2 = U4¢9;1 + Ug@? + U29]2 + ulﬁj + Up,

Y

and

o 72(192‘)( 292 (2+7) (1= 7) 62 = 27 (2 =) (L+7) 2= 1) & )
+277 (1+7) 2 =76+ (2+7) (1=7) (1+7)*(2-7)
27 (d+ 4y =57 =29 +91) 6 —2(1+7) (2 —)* 6}

uz = +(2 =) (1+7) (12 — 4y — T2 + 293 + 344) 02 ;

2+ A=A+ (2-7)

273 (1479) (2= 0 +9° (12— 4y = T7* + 29° + 39") 0]
up = (14+7)(2-7) Ay (1=7*) (4 =) (27" )

F(1=7) (=) (2493 = 492) 6 (L= 2% (4= %)’



U = (1+7)(2—7)><( P (A =T N0+ (1= D) (4= )

+1=7) @ =7)2+27+9%) 227 +9°) 6
u = 6;(1+6,)2+7)1L—7) A+ 2—7)(A-57+~"++%7).

Itis easy to check thaty > 0, us > 0, u1 > 0, up > 0. HenceRy > (us + uy + u1 + ug) 65 > 0.

The last inequality is true because

U3 + Uz + U + Ug
= 27" 2+ A=+ 2-NA+N)@d-27-9") (1-7-7)0
+2(2=7) (1 +7) (16 — 167 — 249* + 267° + 179" — 137° — 67° + 27" + %) 67
+(1=NC+ 1+ 2= [B=5+2") 6 +8 -9y +29"],
and can be shown to be positive. Therefore, the profit difflezes negative, and the seller always
prefers(f,s) = (j,4) to (f,s) = (i, 7).
Second, we consider Buygs preference. Each buyer’s profit difference has the sagreas

the sales quantity difference on the two negotiation secegnBuyer’ sales quantity difference

between sequenceég, s) = (¢,7) and(f, s) = (j,1) equals

Y (=7 (L +7) 2 =78 +27v°0; + (1 =% (4 =1%)) 67

(272 =)+ (1 =)A= (1=6)) b —(1=7) (4 =) (276
multiplied by a positive factor. The term in the square bedsks always negative, which can be
justified as follows. It is negative at both = 0 and6; = ;. Because-v (1 +~) (2 —~)6; +
29%0; + (1 —~+?) (4 — +*) > 0, the coefficient ob? is positive iffy < 0. (i) If v < 0, the term
in the square brackets is a convex functiord,ofand hence is always negative tore (0, 6;]; (ii)
If v > 0, the term in the square brackets is a concave functiof).off he first-order derivative
with respect tof; equals—y (27 (2 —+%) 67 + (1 —~*) (4 —1?) (1 —6;)) < 0 at6; = 0. The
term in the square brackets is decreasing;iand hence is always negative. Based on the above

discussion, we conclude Buygeprefers(f, s) = (j,i) iff v > 0.

Finally, we consider Buyej’s preference. The sales quantity difference between segse
(f,s) = (1,5) and(f, s) = (j, 1) equals
V(= A+ 2=+ 2%+ (1 —9°) (4 —7°) 6
+y (22 =707+ (1 =) (4=7")(1=6)0;+ (1 —7*) (4 —7*) (2—~*) 0
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Now we consider the term in the square brackets. It is peséty; = 0, and has the same sign

%) atg; = 1. (i) If v < 0, the term in

as2y + (2 — v —+?) 6; (which is negative iff); < o

the square brackets is a concave functio,of (i.a) When6; > ,Y —g the term in the square

brackets is always positive; (i.b) Wheén < g the term in the square brackets is positive

ﬁ
iff 0, € [0;,0;(0;,7)] (for some functiord;(6;,~)). (ii) If v > 0, the term in the square brackets
is increasing irg; for 6; € [#;,1) and hence is always positive. Based on the above discussion,

we have: Ify > 0, Buyerj prefers(f,s) = (i,7); If v < 0: (a) wheng; > % Buyer j

always prefers f,s) = (j,17); (b) Otherwise ¢; <

—— 72) Buyer j prefers(f,s) = (j,7) when

0; € 6:,0,(6;,7)] and(f, s) = (i, j) whenb; € (6;(6;,7),1). Q.E.D.
Proof of Lemma 2;

In PM, the profit of the common seller who negotiates with Buyequalsr, (w!, wFM) =

7

2wPM< PM) (1_9 ) 2 .
a ﬂ)@_;) = 0 ﬂ;@_v), greater than the seller’'s profit when she negotiates wityeByl,
—62)a2 . . o
Ts(wf™M, wiM) = % Each buyer prefers a higher sales quantity (as the profit psa-

portion to the square of sales quantity). The sales quauitieyach buyer when Buyeémegotiates
]\IP

equalsﬁ smaller than that when Buygmegotiates Hence both buyers prefer

(1+ )( 7"
a lower wholesale price and to let Buyenegotiate. Q.E.D.

Proof of Proposition 1:

To isolate the impact of the choice of negotiation sequenceegotiating buyer, we first
consider the case with symmetric firms (i&.,= 6, = ). We conclude that when the products
are substitutable (i.ey > 0), w/ > wf", wi? andw?. The conclusions are reversed when
products are complementary. Actually, we can verify that

sv _ (1=0)1—-9)(2+7)a

’ 22=7=7"+07)
se _ (1=0)1-7)2+7)2+7-7*—10*)a

i 24— 572 + 71 + 2022 — 63%)

p5e = 1=0(0-7)C+7)(@+2y -4 ="+ + 67" 207 — 07" + 01%)a
’ 2(2=7%) (4 =592 + 91 + 20292 — 039?) ’

WP~ (1 —29) a



Then itis easy to check that

wPM _ SN — 10 (1—0)a
' Z 2Q2—7=72+0y)
WPV 50 _ 1(1=0)02+5—7"—by)a
' f 2 (4 — 572 + 44 + 20292 — 342)’
WP w?Q 01 —=0) (4 =57+~ 420y + 07 — 09° 4+ 0%y° — 26°y) @

2(2 = %) (4 — 5% + 77 + 207 — 0°) |

and the ordering results on wholesale prices follow diyectl

Now we proceed to asymmetric case. Under SN: The sellerf#t go

SN SN)

(1=0;) (1= (2+7) 2+y =70 —7°) x
Yy =0 (A +7)(2=7))0; + (4 +2y =37 =¥ +9") 0 + (1 —7%) (4 —?)] @
A(1T47) (2 =) (4 — 572 + 44 + 420, +~20; — 20,0,)°
(1=0;)(1=7)(2+7) (2+7 =70 —7*) x
[(Y(P =7 =20+ (4+ 27 =37 = +9N) 0, + (4 = 59° + 7" +7%6))] @
4(2=7) (1+7) (4= 592 + 7 +1926; + 126; — 726:6;)°
Buyeri’s profit equals

(L=l (y =20 =16 +7%0) 0+ 4+ 27 =37 = +9) 6 + (1 =) (4 =3 a?,
A(1+7) (2=7) (4 =592 + 94 +720; +120; — 720:0,)° ’

Buyerj’s profit is

=N (P =7=2 6 +4+27 =37 =+ 0 +4 - 572 + 7' + 126" a®
A(147) (2 —7) (4 = 572 + 44 + 720, +720; — 120:6;)

(1—9?)(12

Under PM: The seller’s profit is, (w!?, wFM) = S0y Buyerds profit equals Buyey’s

profit, which equalé%

4(1+v)(2—7)

We consider the seller’s preference first. It is easy to yehit

ZSN,UJ;SN)

— (02 = 07) (7® + 16) + (0 + 0; — 20,0;) (0; + 0;) (77 — 6° 4 127 — &)
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We useN R to denote the numerator, and cleatlyw?™, w?V) > 7 ,(wf™, wPM)iff NR > 0. It

is easy to check that

—2

@NR 294 (207 = 07) +29* (1 = %) (4 = 7*) 67
4 ~27(1+7) 2= @ =7 b+ (147) 2= 7) 2=’

The term in the round brackets has the following propert{gdt is convex inf;, as the second-
order derivative equalgy? [(1 — 7?) (4 — +?) + 67260, (1 — 6;)] > 0; (ii) It is monotone in6;
because the first-order derivative equaisy (1 +7) (2 —7) (2 —~%)* at6; = 0 and equals-
2v(1—7)(247) (2—+%)? ath; = 1 (the derivatives at the two extreme points have the same
sign); (i) Itequals(1 + ) (2 —7) (2 —12)* > 0 atd; = D and equal$2 + ) (1 — 7) (2 —~2)* >

0 atd; = 1. Hence the term is the round brackets is positive and we axl\hayedzTN]f < 0, that s,

NRis concave irf;. Then
NRlg,—g, = —2962 (1= 0;) (4 — v+ 76; — 29%) 2+ 7 — 8 —7*)",

which is positive iffy < 0, andNR|p,—1 = — (14+7) (2 —7) (2 - +2)* (1 — 62) < 0. Hence the

results for the seller follow directly foy < 0. Now we consider the case> 0. We have

d;Vbej:ei —260; (2+ (1 —6;)7 — %) x
29°07 + 29 (2 — 27y — ) 07
“2y(4+2y =572 =+ 0+ (1+7) (2-7) (2 -7
The term in the last round brackets is positive because ith@agollowing properties: (i) It is

positive for bothd, = 0 andf; = 1; (ii) It is decreasing ir9; for 6, = 1; (iii) It is convex in 6, for

v < V3 —1;(iv) Forv/3—1 < v < 1, (iv.a) it is convex irg; for §; < (r2-2) and concave if;
3y
otherwise; (iv.b) It is positive whefy = (2%:2_2); (iv.c) It is decreasing i, for 6; = <27+3+2_2)

The above properties implﬁ%m:gi < 0wheny > 0. HenceN R is strictly decreasing il; and

always negative. Then the results for> 0 follow.

Then we discuss Buyeis preferencerm,;(w;™, w§™) — m; (w/™, wf*) equals

Y1=7)60;(1-0,)2+~y—90; —7%)a
2(2—7) (4= 572 + 41+ 120; + 120, — 420,6;)’

multiplied by a positive factor. Obviously Buyéprefers SN iffy > 0.
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Finally, we consider Buyej's preferencem,;(w§™, w?™) — m;(w/™, w™) equals

(4427 — 47" = P + 4" + %07 — 200, — ¥°6; +7°0;) 6, — 6; (4 — 57° + 7" +7%6;)

multiplied by a positive factor. This termis lineardp and equals®; (1 — 6;) (2 + (1 — 6;) v — 7?)
(which is positive iffy > 0) atf; = 6; and equalgl — ;) (2 —v) (1 +7) (2 —~?) > 0 atf; = 1.
Wheny > 0, this term is always positive, sois; (w;™, wy™N) — m;(w/™, w/*"). Wheny < 0,
the term is positive iff); > 9;“’(9,-, 7v), where

0; (4 — 59+~ +420;)
(44 2y — 492 — 3 + 44 + 4207 — 290, — 720, + 30;)

HfN(eiv V) =

Q.E.D.

Proof of Proposition 2:

2wZMP(a wMP) . (1—9%)(12 .
i Te— .~ A BUyer
(1-7)(140:)%a

i's profit equals Buyer;’s profit, which equalsT Under SQ (assuming the seller

chooses the sequengg s) = (j,¢) following Lemmal): The seller’s total profit is

Under PM: The seller’s total profit is, (w!/, w/M) =

(1=7)(2+7)a® x
| (2—62—62) (/*+16) +2(1 — 62) (1 —62) (=" +8y)
— ((0) — 307 +20; — 8) 62 —20; (1 — 6;) (2 — 62) 0, + (2 — 67) (9 — 67)) (° + 4?)
+2(1—62) (1 —0;) (T+70; — 67 — 20,0, + 626,) (v° — 27?)
— ((12607 — 202 — 30} — 60; + 23) 07 + 80; (1 — 6;) (2 —07)0;, —4(2—67) (7 — 07)) +*

A(14+7) (2 =7) (2= 72) (4 — 572 + 4 + 7202 + 420,0; — 72020;)°

Buyerj’s profit is

(14+60;)(7° —8) — (1 —6) (68 — 6; + 6:6;) (v* + 4v) :

(L=7) | —(T+0;+70, — 202 — 30,0, + 2020,) (v* —2¢2) | o
A1 4+7) 2 —7)7 (2 =72 (4 — 592 + 74 + 202 +20,0; — 72626;)*

and Buyer’s profit is

(1—7) (4+46; — 572 + 4 + 207 + 296, — 4920, — 30, + v*0; + 10,6, — 27«%«%)2 a?
A(147)(2=7)" (4= 572 + 7 + 202 + 720,0; — 12026;)°




The seller’s profit difference between PM and SQ equals
(2 =) (=07 +207) =29 2 =) (L+ ) (4 =7 = 20%) 6]
—7(1+7) 2= 2-7) B8 =2y -107"+7°+ 279 6; o3
+22+7) (1= 1+ 2= 20 +6) + (1= 1+ 2-7)°(2+7)*
—27%07 (2—7%) (1= 6;) (4 =27 — 67" +7° + 7' + 2¢°67) ¢,
—07(2—7") (4 =5+ +7%07) (4 =27 — 67+ + " +29%07) |
multiplied by a positive factor The above function has the following properties: (i) It elgua
(147)(2=7) (1 —62) (4 =572 +7* +~20,)* > 0 atd; = 1, (ii) At 0; = 6,, itequals
293 (2= (07 =301) =7 (2+7) (1= (1+7)° (2-7)"6
70?7 (1 — 6,) v (2 =) (1 +7) (12 — 167 — 1192 + 873 + 3+*) 62
+1=NC+NA+7—-2) 1+ -7 6:+1)
Now we study the term in the square brackets: (ii.a) When0, apparently the term in the square

brackets is positive; (ii.b) When > 0, we always have

2+ A=A+ 2=+ 1= 2+ (d—7=29) 1 +9)*(2—1)
= (1-7)C+NA+7)* 2= (@4 -7+16 - 29°)

> 0.
We further have

29° (2—7%) (67 —30)) —v(2—7) (L +7) (12 — 16y — 119* + 8y + 3+") 67
+(1=7 Q2+ (A+7-27) (1+7)*2 -6
_ s { 29°(2=9%) (0] = 307) — v (2—7) (1 +7) (12 — 167 — 117* + 87° + 39") 6 ] |
+(1=7)Q2+NE+7-2) 1 +7)*(2-7)°
When~y < 0.63156, 12 — 167 — 1192 + 893 + 34* > 0; the right-hand side of last equation is

decreasing i; and hence is no smaller than
) {273(2%)(13)7(2v)(1+v)(121671172+873+374)}

1= 2+7)@d+y =291 1 +9) 2 —7)
= 20, (16 — 249* + 157" — 67° +7°)

> 0.



When~ > 0.63156, the right-hand side is quasi-concavedjnand is positive at both; = 0 and
0; = 1. Hence again the term in the square brackets is always ymsitherefore, we conclude at
8, = 0;: The profit difference is positive iff > 0. (iii) The coefficient ofH? in the profit difference
is always positive. This is obviously true when< 0. When~ > 0, the coefficient 019]2 IS no

smaller than

290 (2-97) (=07 +207) =27 2 =) (1+7) (4 =7 —29°) 0}
1 (1+7)2-7) (2-77) (8 =27 = 109> +7° + 2¢") 67
377 2+NA =) 1+ 2=+ 1= (1+7)* 2= 2+7)6
. 93( 271 (2= 72) (~60 4 269) — 27 (2= 9) (1 +9) (4= 7 —29) 6 )
+(2=7) (147) (16 — 167 — 2492 + 2873 + 149" — 149° — 675 + 297 + 7®)

The term in the square bracket is decreasing inence the above term is no smaller than

(1+7) (16 — 167y — 24~% + 287 + 14y? — 1479° — 6% + 297 + )
4
= 0,2+ 1= (2-7)

> 0.

o 29" (2-7")(-1+2) -2 2-7) (1 +7) (4 -7—-27)
T\ +e-9)

Based on the above three properties: (a) When 0, obviously the profit difference is positive
(i.e., the seller prefers PM to SQ) ff € (0:°(6;,~), 1), and is negative iff); € (6,,05°(0;,7)).
(b) Wheny > 0, the derivative of profit difference with respectiipatd; = ¢, equals

291 (2= 9) (307 — 07) + 72 (8 + 4y — 189 = 59° + 97" +9° = %) ]
+72(2=7) (1 +7) (4 =127 = 29° + 69" +11) 07
—29(2-=7)1+7)(2-7) (4 —-69*+7") 07
| 4272+ (1= 1A+ 2=+ 2+ 1-) 1+ 2-9)

20;




The above term is always positive because

294 (2= 77) (3607 — 09) + 77 (8 + 4y — 187* = 57° + 9" + 47 —1F) 6!

2= 1+7) (4 - 12y =29+ 67" +1") 0}

—27(2-7)(1+7)(2-7") (4-6y"+1") 6}

+2° 2+ (1= L+ 2 =10+ 2+ (1 -7 (1 +7)* 2 -9’

[ 2 2B DB 44— 187 — 57+ 0yF 447 — oY)
+72(2-7) (1+7) (4 - 12y = 29° +67° +77)

—292-7) 1+ (2-7") 4 -6 +7")
| 272241 =N A+ 2=+ 2+ 1= 1+7)°2—9)
= 2+7)1-7)(2-7)" >0

0%

)

v

Hence the profit difference is increasingdinand the seller always prefers PM to SQ.

Buyer j’'s profit difference between PM and SQ equals

vE o~ [ =0 )T 2t () 2 =)0
1= @+ 1+ 2= ’
+6: (2=7°) (VO — 7 (v + D) 2= N0+ (1+7)2-7) (2-7)),

multiplied by a positive factor. Notice that
NRlg—1 =~ (1+7) (2 =) (1 —6;) (4 =57 +~" ++°0;) <0,
and
NRlg,, =70 (1= 0:) (v (2=7) 67 = (1 +9) 2 =)0 +7(1+7) (2—-7)).

(i) If 7 < 0, thenN R|g,—g, > 0: (i.2) whend; € [0;,6° (6;,~)] with

J

759 (6, 7) = 0i(2—7°) (V07 —7(v+ 1) (2-7)bi+(1+7)2-7)(2-7?)
j PV R2=9)0 =y (1+7)*(2-7)"0;
+207 (147 2=+ (1 =) 2+7) (1 +7)°(2-7)°

Y

NR > 0 and hence Buyey prefers PM; (i.b) wherd; < (5;%2 0:,7), 1), NR < 0 and hence



Buyerj prefers SQ. (i) Ity > 0, NR|g,—, > 0iff 6; € (O, @SQ(V)) with

4+47—372—273—|-74
—/16 + 32y — 2492 — 483 + 1794 + 2475 — 66 — 497 + 42
27(2-17%) ’

and NR|g,—p, < 0iff 0; € (53 (7),1) (we can show thaﬁ?Q(v) € (0,1)). If v > 0, (i.a)

)

for 0, € <0,@5Q(7)>: Whend; € [6:,659 (6;,7)), we haveN R > 0 and hence Buyej prefers

J

PM; whend; < (5}9@ (0i,7) 1), we haveNR < 0 and hence Buyej prefers SQ. (ii.b) for

0; € (@SQ(V), 1), we always haveV R < 0 and Buyerj prefers SQ.

Buyeri’s profit difference between PM and SQ equals

v (1 =)0 (2—i— (1 —9?)7—72) (1 —Hj)az X
Y0 (2—(1—67)y —~%)0;
— (PO +200)+(1+7) 2= (d—7=29")0+2(1—9*) (4—~%)
A(1+7) (2 =) (4 — 572 + 74 + 267 +26,0; — 72626;)°

We can show that the numerator is negative fordalle [¢;,1). Hence the profit difference is

positive iff v < 0. That is, Buyer prefers PM iffy < 0. Q.E.D.
Proof of Lemma 3:

In SNS the equilibrium wholesale price and side payment”~, 7:°V9) maximize

mae (o, 05) T [, (o w™5) 4 73— 3, (S, )]

It is clear that under the optimal side payment

0; [7‘('5 (w,-,waS) +T; —waij (waS,waS)} =(1-6;) [m,,- (wi,waS) — T,-} )

That is,

T, = (1 — 6;) my (wi,waS) — 0, [WS (wi,waS) — waij (was,wiSNS)} )

Firms choosev?™® to maximizer; (w;, w§™*) + m,(w;, w;™¥). The FOC with respect ta;*
is
P2+ (L—7)a—42 ") wi+ 4w,
(1= )@=y

10

=0.




Solving the FOCs jointly, we obtain the equilibrium wholkesprices, equilibrium price and sales

guantity
2
sSNs . a
w,l — 4 9
SNS (2 - 7) a
pz - 4 9
svs . (24+7)a
x; =
4(1+47)

Each channel’s profit equats; 4_72)'12 . Buyer:’s profit (after accounting for side payment) equals

2 2
95:(11) Buyer j's profit equals% The seller’s total profit equa§=2 0 12&7) ”*)a . In

the following we restrict to symmetric casg (= 6; = 0) for ease of comparison between SNS
and SN.

Now we consider the seller’s preference. The seller’s pdifitrence between SNS and SN

equals a positive factor multiplying

2(1—0) (—2+~+20+7* —0) x
(=4 48y =292 = 37" + 74 + 2920 — %) 2+ 7 — 12 —16)°.
Notice that: (i) (—2+ 7 + 20 ++? —16) is positive iff § > 2002 e (0,1); (ii) Define
V = (—4+8y—292 = 3y3 + 91+ 2920 —430). If v < 0.58579, V is always negative; If
— AN —9DA2 3
0.58579 < ~ < 0.80606, V' is positive iff g > (=2(0-2+77)

2(2—7)
_ A~ —D~2 3
a 7)(;(4;—5; +7%) (2+(; (}Y 2 iff 4 < 0.618); If v > 0.80606, V is always positive. Hence

the seller prefers SNS to SN in the following regions: {aX 0.58579 and§; < W

_ _ _ 2
(b) 0.58579 < 4 < 0.80606 and eitherd; < min (&0= G020 oy
2—) 7%(2—7)

(the two threshold levels

2—) ¥2(2—) 2-)
are the same as that described in the lemma.

_ _ _ 2 3
max ((2”)(1‘7) A (4—tr-2v+1 )>; (€) v > 0.80606 andd; > 2107 The above regions

Each buyer’s profit difference between SNS and SN equals
(2—v—20—~"+10) (2+7—72—79)2 X
(7 C+NC=)F+(1-7) 2= (4 -8 =8 +7")0—4(2+7) (1 7)),

multiplied by a positive factor. The first part of the aboveuation (2 — v — 20 — 72 + 40) >
0iff & < % € (0,1). When~ > 0.21535, the second part of the above equation,

11



247 2=+ (1-7)(2-7) (4 -8y =8+ 0 —4(2+7) (1 —)", is always
negative; otherwise when < 0.21535, the quadratic function is increasing 6k in the range
6; € (0,1), and equals—y (4 — ~) (2 — 42)* atd = 1. For0 < ~ < 0.21535, again the quadratic

function is always negative. For < 0, the quadratic function is positive iff; is greater than
R824~ (9_A2 C16v—12~2 1A% i i _
(1 — ) B8 (2-42)V/4-167-12y>++ , which is larger thaﬁ% when~ < 0. To sum-

272 (2+7)(2—7)

marize, (a) wheny < 0, the buyer prefers SNS iff

2+ 1-7) 4-8y =8V +7" = (2= V4 - 167 — 1292 + 41
2-7) 22 (2+7)(2—-7) 7

(b) Wheny > 0, buyer prefers SNS iff;, > 2*2U0=%) Qg ED

(2-7)

<6 <(1-7)

Comparison of SQS and SQ:

In SQS assume round 1 is with buyérand round 2 is with buyes. Clearly, the round-2

equilibrium decisions satisfy

max [mys (Ws, wy) — T8]9s [ms(ws, wy) + Ts — wpzp(wy, ws(wf))]l_OS.

ws,Ts

Again we have
Ty = (1 = 0) mps (ws, wy) — O [ms(ws, wy) — wpzy(wp, ws(wy))] -

Then the equilibrium wholesale price (that maximizes thetjprofit of the two firms) is

7(A =) 2+7)atdwy
12— 2

ws(wy) =7y

The side payment in round 1 is

Ty = (1= 0p) mps (wy, ws(wy)) — O [ (wp, ws(wy)) — ws(wy)as (ws(wy), wy)] .

Q

Then the wholesale price;?* maximizesmy; (wy, wy(wy)) + ms(wy, wy(wy))) and the FOC with

respect tav, leads to
sos _ 12=7)(1+7)a

The round-2 wholesale price becomes

Va
5

SQS SQS

= wy(w;*") =

12



The equilibrium sales quantities are

508 _ (2-19%)a 508 _ (2+7)a.
! 4(145)" °° 4(1+47)

(2+) (2 Y+ )a2
16(1+7)

Channelf’s total profit equalsu Channels’ total profit equals

3(v+1) Buyer
s(247) (2-7+7?)a?

f’s profit equalsﬂ Buyer s’ profit equals ; The seller’s total profit is

8(147) 16(1+7)
2
(- eggl(ﬂ) Jo? | (0. )(2;7()1&)%7 ) The above results are used in the comparison in Section
3.3.2. Q.E.D.

Proof of Proposition 3:

Under PMS, assume the seller negotiates with Buyerhe equilibrium wholesale price is

PMS is successful iff,; (w5, w!5) +

Z

PMS _ na it MS _
wi M5 = I and sales quantities amé’

2

1 PMS , PMS ds i
3Ts (wi , W, ) > dyi+ 5, 1.e.

(1“"7)

,4(1+ > dy; +%. Then Buyeri's profit equals Buyey’s profit

— dpi — 7] ; The sellers profit equalé,+2 (1 — 6;) [L — dy; — d_] .

2
4(147) 4(1+7) 2
The analysis for PMS in which the seller negotiates with Buyis similar. We observe that: If

which equalsl;+6; [

dy; < dp;, then in PMS the seller always prefers to negotiate with Buyé\ctually, the seller’s

2

profit when negotiating with Buyeris d, + 2 (1 — 6;) [m — dy; — %] greater than the profit

when negotiating with Buyey, d; + 2 (1 — 6,) [4({1—;) — dpj — %} That is, the weaker Buyer

gains a lower profit than the stronger Buyetnder PMS, the joint pie of the seller and the buyer
isa constan%, hence, (a) the incremental value to the joint profit of tHeesith the weaker
Buyeri is larger (the additional pie is bigger with the weaker Buje(b) the seller gains a larger

portion of the additional pie with the weaker Buyer

Suppose PM is the disagreement point. In PM, Buygne weaker buyer) will be picked to

—02)a? .
negotiate. Then the seller’s profit(w!™, wf) = % Buyeri’s profit equals Buyey’s

profit, which equal%. Based on the above discussion, the seller prefers to rmggoti

- : : a2 de _ _a®  _ (46)°(0-ya? _ _(1=6})a®
with buyer: under PMS. Notice thaf7'— — dii — 5 = 15757 — 4(1“)(2_:)2 — e =

% > 0, PMS will be successful. Because the two buyers’ profits eegeh other under

either PM, or PMS, both of them get better off with PMS. So dbesseller.

For general case (in which we may haye# 6;) with either SN, SQ, PM, SNS, SQS as dis-
agreement point, we conclude that PMS will be successfubatiathe seller and the negotiating

buyer will get better off. Actually in PMS the wholesale @i always’: regardless of which

13



buyer negotiates. We can verify that the system profit unt#s ®ith (w;, w;) = (”—2“, 'Y—;) equals
2(1“—;), and is always greater than the system profit under SN, SQ.3N8, and SQS. Hence we

must have eithe% > dy + % or 4(1“—;) > dy; + & (becaus% > dy; + dy; + d,), and the

seller and negotiating buyer will get better off.

For symmetric case with = 6; = ¢ (with either SN, SQ, PM, SNS or SQS as disagreement
point), the two buyers are identical under SN, PM, SNS. In 8Q $QS, we assume random tie-
breaking such that the disagreement point for each buylee iawerage profit of the two buyers (and
hence these two buyers are identical under this assumphiaice that (a)l,; + % equals half of
the system profit under disagreement point;((b), w;) = (w/™*, wf*%) = (2, 2*) maximize
the system profitr, (w;, w;) + 75 (w;, w;) + 755 (w;, w;). Obviously PMS will succeed and PMS

makes all firms better off (compared with any aforementiotisdgreement point). Q.E.D.
Proof of Proposition 4:

In profit sharing, lety; € [0, 1] denote the fraction of Buyeis profit shared to Seller. Given

(¢i, ;) and(w;, w,), the profits for the buyers and the sellers are

T = (1= ;) (pi —wi) z; (pipy)

s = 7Tsi+7rsj7

where
Tsi = (Wi + @i (pi — wi)) i (pi, pj)
is the seller’s profit derived from sales to BuyeFrom the FOCs we obtain

(1—=7)2+7)a+ 2w +yw;
4—~2 ’

pi (wi, wy) =
and the equilibrium outcomes are

]/7\1' (wiv wj) — w;

zi (wi, wy) = T
L=y @+7)a—(2-7*)w+yw,
(1—=9*)(4=7%) '
Then
Tyi (wi,wj) = (1 — ¢2) (1 — ’}/2) [/.T\Z (wi,wj)]z y 1= 1, 2, (B'l)
Tgi (wi,wj) - [’(UZ + (bl (1 - ’}/2) AZ‘ (wi,wj)} /J}\Z (wi,wj) y 1= 1, 2. (B'Z)

14



In SNwith profit sharing, the equilibrium decisiofs;™ , w5V, ¢7V, $57V) solve the problems

of

o [ (o000, 65) ] [ (o 8,00, 05) = g (..o, 5]

We can use a sequential procedure to determine these aecigm) We first fixw; and find the

optimal¢; as a function otv;. We denote

Ay = (™ + 67 (g (g™ wi™) — ™))y (wi™, wi™).

The FOC with respect to; is

87r bi

99

92‘ (WS—A]') —‘—(]_—QZ)’]T[)Z—:O,
—0; (1= ~%) (m — Ay) [& (wi, w))]* + (1= 6;) (1= +%) mos [ (wy, wy)]” = 0.
It is clear that in equilibrium; is such that

Thi 9z'

(me—4;)  (1—6;)

which yields

Hiwi
(1 —7%) @ (w, wj).
(b) We treato; as a function ofw; (which is given above). Then the FOC with respectuto

pi=1—0; —

becomes

Oy, OTy; 8@ ors o a¢z o
b (s = &) <0wi * %0, aw) (1= 0)m <8wi 99, 0wi) =0

Notice that

oms

87r bi

Hi(WS—Aj) 8¢2 +(1_9i)wbi@:07
we have
aﬂ'bi 87'('5 .
92' (7'('S — A]) awz + (1 — 92) Wbia—u]i = 0,
ie.,
aﬂ'bi 87r8 o



The wholesale price maximizes the joint profit of the two fir@s it does in SNS. Obviously the

wholesale prices under profit sharing are the same as that it payment.
The analysis foSQwith profit sharing is similar, and results are also similar.
In PM with profit sharing, we assume both channels match both whtdeprice and profit

sharing ratio. Suppose the negotiation is in dyatihen we need to solve

max [y (wi, ¢;) — dy)” [ms (wi, d:) — d]' %

wi,P;

The FOC with respect to; leads to

0; [7Ts (wm ¢z‘) - ds] W + (1 - 92’) [sz‘ (wu ¢z‘) - dbi] W =0,
i.e.,
—0; (1 - 72) [7s (wi, ) — ds] [@; (wi, wi)]z
+ (1= 60;) (1= 2) [myi (wi, &) — dui] (T3 (wi, w)]* + (& (wi, w;)]*)
Notice thatz; (w;, w;) = Z; (w;, w;), we have
i (Wi, ¢i) — dyi . 0;
Ts (wi>¢z’) —ds 2 (1 - ‘91').
Then the FOC with respect to; leads to
0; [7Ts (wu ¢z‘) - ds] M + (1 - 92’) [sz‘ (wu ¢z‘) - dbi] w =0,

dw; dw;

dmy; (wi,w;) — 1dmg (w;, w;)

Hence, similar to PMS, the wholesale price maximizggw;, w;) + w We conclude that

=0.

both wholesale price and profit allocation in PM with profiashg are the same as that under
PMS. Q.E.D.

Proof of Proposition 5:

We consider Bertrand competition whete= 6; = 6. We user! to denote the common

seller’s total profit undet” = SN, SQ, PM. From our previous analysis, in the common-seller
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channel model, we have

SN 1-0)(1=7C+7)2+20—7y+0y—7"—0y%)a’

T 2(147)(2—7) 2 =7 — 2+ 67)° |
5Q 1-0)2+y)(1—-y)a y
’ 4(147)(2-7) (2=7%) (4= 572 + 20292 — 6342 + 74)°
P (L+7)*(2=7)70° =7 (4+ 12y = 39” = 69° +71) 0
(2= A+ @ =2y =T+ +29)0°
=7 (2= 1 +7) (8- 14y =99+ T7° +297) 0 ’
+2(1—-9) (247 2= A+ 2-7 0 +1)
oPM (1—6’2)a2 .
’ 21+7)(2—7)

We use notations with™ for the bilateral channel model. Following the same pracedas

in the baseline model, we can obtain the wholesale pricegfereht negotiation mechanisms as

follows:
_sv _ (1-0)(1-7)(2+a
! 4—y+460y—2y2 7

o _ (1=0)1-7)2+7){E+7—0y—27")a
f 2(8—=972+ 271+ 0+?) ’
50 (1—=0)(1—7)(24+7) (16 + 4y — 179% — 293 + 44" + 0742 — 40~y + 207%) a

42-7%) (8 =97 +29* +09?) ’

—PM (1—0)a
w; 5

The corresponding demands are given by:

SN _ (1+0)(2—7%)a
' I+ @2-—7)(@d—7y—272+0y)
T?Q _ 1+0)(4+v—2v>—0v)a

)@ )
—5Q _ (140) (16 + 4y — 1792 — 293 + 4y + 6242 — 40y + 20+%) a
’ A(14+7)(2=7) B =97 +7%0+27%) ’
ZPM (1+0)a _
' 2(1+7)(2-17)

We user? to denote the sellers’ total profit undgr= SN, SQ, PM, respectively for this bilateral
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channel. We can verify that

_SN 2(1-0°)(1—=7)(2+7)(2—7%)a®
’ 1+7)2—7)(d—7+0y—292)"

=so _ (1=~ 7 (2+7) (A +7 =0y —29)°a?
’ 8(1+7)2—=7) (2= 8=972+0v2+27)
L8 (1 —7) (247) (164 4y 1792 = 29" + 4y + 67 — 46y + 267°)" a?
16 (1+7) (2= 7) (2 —12) (8 — 992 + 672 + 291)° ,
—PM _ (1—6%)a |
) 2(1+7)(2-1)

For SN, we can verify that

mV—mN = (1= 2+ (1-6)"® x
Y6 —7—372)02+2(8 =4y — T2+ 293 +29M) 0+~ (247) (1 — )
2(1+7) (2= ) (4— 740y —292)7(2 -~ — 2+ 67)

When~ > 0, obviously the profit difference is positive. When< 0, notice that the concave

quadratic numerator is negativefat 0 and positive atl = 1, the profit difference is positive iff

8<§SN():—2(8—47—772+2v3+2v4)+2(2— \/16—167—117+87+47
st 27 (6 — v — 37?)

For SQ, we can similarly prove the conclusion. For PN = 7’M and hence the seller has no

incentive to collude. Q.E.D.
Cournot Equilibrium Analysis
We analyze the game backward to obtain the subgame perigitibegm.
Second-Stage Game

For any given wholesale pridey;, w;), the outcome of second-stage game is independent of
whether(w;, w;) is negotiated via PM, SN, or SQ. Givém;, w;), the profits for the buyers and

the seller are
Ty — (pl (xiuxj) wz) Ly,
Ty = Wix; + w;x;,
where
Pi (%, %’) =a— Ty — YTj.
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The buyers seek to maximize their own profits by choosingaetsge optimal sales quantity; in

a Cournot competition. Solving the FOCs gives us the equilib sales quantities as
(2—7)a—2w; +yw,

z; (wi>wj> = 4—~2 ’
and the resulting firm profits are
i (wi,wy) = (@ (w, w;)], (B-3)
To(wi, wy) = wi; (wi, wy) + w;T; (wy, wi) - (B-4)

Based on the above results, we now proceed to the first stage ghme.
First-Stage Results

SN:Because the procedure to find the bargaining solution in @dwompetition is exactly
the same as that in Bertrand competition, for parsimony, ki the computation details but list
the results here. To differ from Bertrand competition inatmn, we use subscript “-C” to denote

Cournot competition. In SN, we have
4 — 42 +~%0; — 276,

e =00 s s a - )"

i=1,2.

The equilibrium sales quantity

SN _ =~ (, SN . SN
Ti—c = T (wi—C7wj—C)

(4 -+ 482 — ’}/2 + 2’}/9@ -+ 72‘91' + ’YQQJ' — 72‘91"93' — 2’)/9@9]) a
2247) 4= (1-6)(1-16)) '

SQ:In SQ, we again assume in round 1 the seller negotiates wigeBand in round 2 with

Buyers. Therefore( f, s) = (j,7) or (i, 7). The round-1 and round-2 equilibrium wholesale prices

are, respectively,

I (1-0)2=7)2+y—=18)a

f=c 2(4—72(1—0,)(1+0,—040,))

L5 — (1202 —=7) (4 +27 - 290, — 507 +7°0;6,) a
s=C 4(4—72(1—0,) (140, —040,)) '

The equilibrium sales quantities are

(—y (P +4y+4) 02+ 292 (v +3) 0, + (2 —7) (2+7)°) 0, .
+2 (4 — 72 — 2790, — 20, + 2720% + 2v6?)

SQ _
K 42 +7) @2 (1= 0,) (T +0,—0,0,)) ’
so (A= +7202 + 40,4 270, — 27040,) a

Ts—c = 2(24_7) (4—fy2 (1 —93) (1 + 0, _ef‘gs)).
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Comparing the firms’ profits iff, s) = (¢, j) and(f,s) = (j,¢) conditional ond; < 6, we
can obtain the following firms’ preferences.
1. The seller always prefers to negotiate with the more paubuyer (i.e., Buyer)) first.
2. Buyer: prefers(f,s) = (j,4) ifand only if v > 0.
3. Buyerj prefers(f,s) = (i, 7) if v > 0; otherwise (i.e.;y < 0),

o if 6, > 5=2, she prefergf, s) = (j,4);

o if 0, < 5=21, she prefersf, s) = (j,i) whend; € (6,0, c(6;,7)] and(f, s) = (i, )

whenb; € [0;_c(6;,7),1).

The seller’s total profit is

— (24N (PO + 200, +4—77) =2 (v +4) 02 — 4y (4 + 37) 62) 607
+87%0s (1= 05) 2+ — 702 = 0) 0y + 4 (2 + v — 02 —702) (4 — 7> +7°02)
8(247) (4 =72 (1—6,) (1+ 6. — 656.))*

(2-7) a*

The profit difference between sequer(ges) = (i,j) and(f,s) = (j,i) equalsSNR;x N Ry,

where

NR, = <0

(4—~2(1—6) (146, —6,6)) ~

(1= 6;) (1= 60) (6, — ;) (2 +7)
(=2 (1= 0;) (1+0, — 0:6,))

and

NRy = 7*(1=0:) (8 +4y = 29" —7° = 49707 + 49707 — 27°07 — 8407 + 47°0; + 2¢°0;) 0;

3
e 2y (4 +4y =22 0f —2(2+7)" 07
+2+7(12—4y+5) 6+ (2+7) (4— 7%

63

J

A=) (1478 = 28) + (4= |
+(2+7) (16 — 89> + 4 + 1667 + 127°07 — 4v°07 — 4467 + 37°60}) 0,

0 (1+6,)(2—7) (2+7)° (4= +1%62).

=293 (24 7) 0} + 92 (12 — 4y + 572) 63
+(2+7( P AN+ (12445908
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We can show that the coefficients @f and the constant term are all positive. Follow the proce-
dure in Bertrand competition, we can show thaR, > 0 and the profit difference is negative.

Therefore, the seller always preférs s) = (j,4) to (f, s) = (4, 7).

Each buyer’s profit difference has the same sign as salegsityudifference. Buyer’s sales

quantity difference between sequen¢éss) = (¢, j) and(f, s) = (j,7) equals

’}/(1 —9]) (1 —Gl)az X
L= (1= 0) (1 + 0, — 0.6,)) A= 22 (1—6) (1 + 0 — 0,6,)) |

The numerator is always negative, which can be justified bmafs. It is negative at both; = 6;
andf; = 1. The numerator is concave #). The first-order derivative of the numerator with
respect tod; atf; = 6, equals—2+v26? (4 + v — 260, — v6;) — (4 — %) (2 — +6;) and is always
negative. Hence the numerator is decreasing iand always negative, and we conclude Buyer
prefers(f,s) = (j,1) iff v > 0.

Buyerj’s sales quantity difference between sequefyce) = (i,j) and(f, s) = (j,4) equals
7 (1—6;)(1-6,)a®

[7 (4 = 7207 +29%0; — 7% — 2902) 03 + v (4 — 40; — 7 + 4767 +726;) 6; + 260, (4 — 7°)]
LA =22 (1= 0;) (140, —0,6)) (4 =2 (1—6) (1 +06,— 6:6))) |

Now we consider the numerator: It is positivedat= 6;; it has the same sign &y + (2 — v) 6;

(which is negative only whefi; < ;ﬁ) atd; = 1. (i) If v < 0, the numerator is a concave

function ofd;. Wheng, > ‘27 , the numerator is always positive; whén< 3 ‘27 , it is positive for
0; € [0;,0,_c(0;,v)] and negatlve fob; € (A,_c(6;,7),1) (for some funct|0r9J c(0s,7)). (i) If
v > 0, the term in the numerator is increasingdinfor 6; € [¢;, 1) and hence is always positive.
Based on the above: {f > 0, Buyer; always prefers f, s) = (i, j); If v < 0: (&) whend; > %

Buyer j always prefers f,s) = (j,1); (b) Otherwise ¢; < ;ﬂ) Buyer j prefers(f,s) = (j,1)
whenb; € [6;,0;_c(0;,~)] and(f,s) = (i, j) whend; € (6,_c(6;,7),1).

PM: In PM, given that the negotiation is between the seller angeBi we obtainw! ¥, =

o
¢ with sales quantities”t, = =i, = 2 ;_”;;C . We can verify that the seller prefers to

(19

negotiate with the weaker Buyérgiven6; > 6,;, while the buyers’ preferences are reversed.
Q.E.D.
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Proof of Proposition 6:

First, we discuss firms’ preferences between PM and SN in@wompetition, and have
the following conclusions: (i) (The sellers’ preferenceh& products are substitutable, the seller
always prefers PM to SN; When products are complementagy,pséfers SN to PM iffd; <
[91-, @Si\’c (0;,7)| for some@fivo (0;,7v) < 1. (ii) (Buyeri's preference) Buyei prefers SN to PM
iff v+ > 0. (iii) (Buyer j's Preference) When products are substitutable, Byyaways prefers

SN to PM; When products are complimentary, Buygrefers SN to PM iff); > gfivc (0:,7) =
92‘(4—724-7292')
(442747202 =240, —~20;) "

The above statements are true due to the following facts. eJ&N: The seller's profit

7TS—C'( zS]\éHw )IS

(1=0)2=7)@2+7=90) (4427 +7" =10, 2+7) 0 + (4 = 7" +7%0))) »
4(2+7) (A—72(1—6;)(1-0)))°
+(1—9j)(2—7) (2+7—79i)((4+2v+72—7(2+7)9i)9j+(4—72+729z-))a2,
4(247) (A=72(1—0;) (1—0)))° 7

Buyeri’s profit is

<(4 -+ 482 — ’}/2 + 2’}/82 + 72(%- -+ ’}/28j — ’Yzei@j — 2’}/8293)0,) 2 )
22+ @ —21-0;)(1-9)) ’
Buyerj’s profit is
((4 +460; — 9% +290; +7°0; + 7°0 — 7*0,0; — 270,0;) a) ’ .
22+7)(4=22(1—=0;)(1-0;))

Under PM: The seller’s profit is, ¢ (w! %, wP) = (1_€i2a2; Buyeri’s profit equals Buyel’s

' 202t
profit, which equals( (1+6:) ) .

2(2+7)

The seller's preference: We can verify that ¢ (w;'V,, wi,) — m_c(w/¢, w) equals
NR = (=8 —4y— 4907 + 707 — 2¢"07 + 70} + 810; + 4+°0;) 02
—290; (1 — 6;) (4 + 2y — 7°07 — 4v6; +~°0;) 0;
+67 (8 — 4y — 8" + v + 707 + 87%0; — 240;) ,
multiplied by a positive factor. It is easy to check that

d2NR 22 402 43 4 n4 2
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The term in the round brackets has the following proper{igst is concave irg;, as
d2
a6? (=8 = dy — 4907 + 707 — 29607 + "0} + 890, + 49°6;)
= =297 (41— 72+ 696, — 69°0?)

< 0

(i) It is monotone ind; because the first derivative equalls (2 + ) at §; = 0 and equals
4~ (2 — v) ath; = 1 (the derivatives at the two extreme points have the samé;gighlt equals

—4(2+7) < 0atd; =0and equals-4 (2 —v) < 0 ath; = 1. Hence we havézg—f < 0, that is,

NRis concave ird;. J

NR|g,—g, = —707 (1 — 0;) (4 — v +70,) (2 + 7 — 18,)°

is positive iffy < 0, and
NRlg—1 =—4(1-67) (2+7) <0.

To—c (WG, wite) > mo_c (w7, wl%) iff NR > 0, hence the results for the seller follow directly

for v < 0. Now we consider the case> 0. We have

dN
WRM:(% = —20; (247 — ;) (4+ 2y — 4v0; — 27°0; +°0; + 27°07 — 27°07 +~°07) <0,

j
where the term in the second round brackets is positive Isegatas the following properties: (i)
It is positive for bothd; = 0 andd; = 1; (ii) It is decreasing ir9; for ; = 1; (iii) It is convex in
0; as the second-order derivative equajs (2 — 2y + 3+6;) > 0. HenceN R < 0, and the results

for the seller wheny > 0 follow.

Buyer:’s preferencem,_c(w?’,, wil,) — my(w/ i, wl) equals

10 (1—=0;) 2+~ —1bi)a
212+7)(4—=22(1—0;) (1 —0;))’

multiplied by a positive factor. The profit difference is go® iff v > 0.

Buyer j's preferencem,;_c (w5, wi'V) — m;_c(w i, wi) equals

a,
2247) A= (1-6)(1-6))

multiplied by a positive factor. The numerator increasebj, N R|y,—s, = v0; (1 — 6;) (24 v — ;)

NR =

and NR|g,—1 = 2(1—6;)(2+~) > 0. Wheny > 0, NR is always positive. Therefore,
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Toj—o (W5, wi'e) — myi—c(wl i, witl) is positive wheny > 0. When~y < 0, NR is posi-

. . 0; (4—~v2+~20;
tive (i.e.,my; - (w JSNC’ we) 2 my-c(w, wl)) if 0; > (4+2'y£7262_2'y€i—>729¢)'

Threshold comparison: The two threshold levels in Bertremmpetition are

v (1—6;) x
(—27%02 — 27 (1 = 12) (4 — 72) 0 + 8 + 4y — 1292 — 47® + 67 + 7° — 1Y)
— (2= 2+ =70 —7*) x
V1) 1= 2= @ =2y =692+ 97 + 71 + 29267)
( 7 (267~ 09) + 292 (1= 72) (4 — 1) 62 )
271+ (2= Q2=+ 1+7) 2-7)(2-7)°

05N (6,7) = 6,

and

0; (4 — 57 +~v* +~%6;)
442y — 42 — 43 + 41 + 4207 — 290, — 420, + 30,
while the threshold levels in Cournot competition are

02N (0,,7) =

1 (1= 0) (4 27 — 490, + %, — 7°6}) )

5= ) =P8 Ty — 890; — 4720; + 47207 — 4102 + 27167 — A107)

and
0i (4 — 7" ++%6:)
4+ 2y 4 20?2 — 290, — 420,

ns
ejiv (927 7)
We have

A2 A3 _A2). 30,
_ ,}/392_(1_@) (4_'_47 Y v 47‘9@ 7824_7‘9@)

(4+ 27+ 7207 — 290; —720;) (L +7) (2 =) (2 =72 = 20;) +267)]

which is positive in the feasible domath < (0,1) andy € (—1,1) iff v+ > 0. Similarly,
@Si\fc (0;,7) — @SN (6;,v) is positive iff v > 0. Hence, it is more likely for the seller to prefer

PM to SN, Buyeri is indifferent, while Buyerj is less likely to prefer PM to SN.

Second, we discuss firms’ preferences between PM and SQ im@ocompetition, and
have the following conclusions: Assuming the seller chedser preferred sequence, that is,
(f,s) = (4,7) in SQ and Buyer is picked in PM, (i) (The sellers’ preference) When products

are substitutable, the seller always prefers PM to SQ; Whedutts are complementary, she
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prefers SQ to PM ift); € |6;,67%, (6;,)| for somed>“. (6;,~) < 1. (ii) (Buyer i’s preference)
Buyeri prefers SQ to PM iffy > 0. (iii) (Buyer j's Preference) When products are substitutable:
(@) Whend; < 07%. (v), Buyer j prefers SQ to PMiff; > 6°%.(6;,~); (b) Whend; > 7%, (+),
Buyer; always prefers SQ to PM. When products are complimentaryeBuprefers SQ to PM,

iff 0; > 05%(0;,7).

Under SQ (f, s) = (4,4)): The seller’s total profit is

—((2+7)° (7208 + 2720 + (4 — 7%)) — 29 (v + 4) 67 — 4y (37 + 4) 62) 62
+87%0; (1= 0;) 2+ — 907 = 07) 0; + 4 (247 — 07 —07) (4 —* +7°67) |
8(24+7) (4 —~2(1—6) (1+6; —0;6,))

2—7)

a;

Buyerj’s profit is

((2+v)2(—793+2—7)+2v2(3+7)9i)9j+2(27(1+7)9?—7(2+v)9i+(4—72))a i
42+7)(4—=7201-0;)(1+0;,—0,0))) ’

and Buyer’s profit is

2247) (4 =71 —-6) (1 +6; —6;6:))

The seller’s profit difference between PM and SQ equals

( Ayt (=08 +2607) + 72 (2—7) 2+ ) (02 +26,) —29° (2 +7) (4 — 1) 6 ) 0

~dy(Y+2) A=y =) + (2= 2+7)° ’

—89%07 (1= 0;) (2 —v =" +7%07) 0; — 407 (2 — v — 7* +7%07) (4 —7* +7°6})
8(2+7) (4—12(1—0;) (1+06; — 0,6,))*

a’.

The numerator has the following properties: (i) It equ@ls- v) (1 — 62) (4 — 42 +~%6;)> > 0 at
g, =1, (i) At 0; = 0;, it equals

0 (10, [473(9?392‘)7(27)(2+7)295’7(2+7)(12167+72)9?]
7o (L= :

+(@A+7) 2=+ i+ 27—y (2+7)
Now we study the term in the square brackets: (a) Whenh0, apparently the term in the square
brackets is positive; (b) When > 0, we always have

2= 2+ +2-)E-1) 2+ = 2= 2+ (4—7—18) >0
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We further have

V(07 —301) — v (2+7) (12— 167+ ) 07 + (4 +7) (2 —7) (2+7)6;

= 0; (49 (0! = 30}) — v (v+2) (12— 167 +2) 0 + (4 +7) (2 =) (2+7)?).

When~y < 0.78890, 12 — 16 + ~* > 0; the term in the round brackets is decreasing;iand
hence is no smaller thaty® (1 —3) — v (v +2) (12— 167 +72) 4+ 4 +7) 2 —7) 2+ 7)° =
2(16 + 8% —~*) > 0. When~ > 0.78890, the term in the round brackets is quasi-concave in
0;; the term in the round brackets is positive at béth= 0 andd; = 1, hence again the term in
the square brackets is always positive. Therefore, we adechtd; = 6,: The profit difference

is positive iffy > 0. (iii) The coefficient of@? in the profit difference is always positive. This is

obviously true wheny < 0. When~ > 0, we have

Ay (=08 +207) + 42 (2 =) (24+9)° (0F +20,) — 29 (2 + ) (4 — ) 62
—Ay(v+2) (A—v =)+ 2-7)2+7)°

2P 24N (A=7)0 —4y(y+2) (4—7—7") i +27(2—7) (2+7)° s
+(2-9°2+9)°

> 0.

v

(iv) (a) Whenvy < 0, obviously the profit difference is positive (i.e., the selprefers PM to SQ)
iff 6, € (@-_C(@i,v) 1), and is negative iff; € (9“9] c(0;,7)). (b) When~ > 0, the derivative

of profit difference with respect t, atd; = ; equals
op, | 41 (OP 30D +7 (B 4y — 67" —77) 6] +27 (24 7) (2~ 6y +77) 6] 0
i > 0.
87 (2+7) (2= 2 +2722-7) 2+’ 0+ (2—7)*(2+7)’

Hence the profit difference is increasingdpand always positive, and the seller always prefers
PM to SQ.

Buyeri’s profit difference between PM and SQ equals

—0i (1 —0;) 2+~ —18})
2Q24+7)(4—72(1—-6;) (146 —06;6:))

multiplied by a positive factor. Clearly, Buyeprefers PM iffy < 0.
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Buyer j’'s profit difference between PM and SQ equals

— 2+ =90) (4 ="+ 290, + %0, — 2907) 0; + 20; (4 + 29 + 707 — 296 — 7°0))
42+479) (4 =721 —6;) 1+ 06— 06:6;)) 7

multiplied by a positive factor. Clearly the sign dependslmsign of numeratav R. Notice that

NR|p=1 == (2+7) (1= 6) (4 =7 +~°6:) <0,

and
NR|g,—g, = 40; (1 — 0;) (2907 — (2+7)° 0, + v (2 + 7)) -

(i) If v < 0, thenNR|s,—y, > 0: (i.2) whend; € [9,-,5??0(9“7)}, NR > 0 and hence Buyer
J prefers PM; (i.b) whert; < (5;9_‘20(9@-,7), 1), NR < 0 and hence Buyey prefers SQ. (ii) If
v >0, NR|g,—g, > 0iff 0; € (0,@5_@0), andN R|y,_g, < 0iff 6; € (@S_Qc,l (we can show that
059, € (0,1)). If v > 0, (ii.a) for §; € (o,@s_@c): Whend), ¢ [ei,éff?c(e,-,q) . we haveN R > 0
and hence Buyef prefers PM; whert; ¢ (gff?c(@, ), 1), we haveN R < 0 and hence Buyef
prefers SQ. (ii.b) fop; <§ZS_QC, 1), we always haveV R < 0 and Buyer; prefers SQ.

We have the following threshold comparison. The three tiokeslevels in Bertrand competi-
tion are
V02— 7% (1—=60:) (4 — 2y = 69° +9° + 7" + 29°67)
+ (@4 =5v+ 9%+ 2+ =107 — %) x
B0 = 6 VA=) 2Z+7) 2= @E =2y =692 +7° + 71+ 29%6)) |
29827 (=07 +267) =2 (2= (1 +7) (4 =7 = 29°) 0
Y1+ 2= 2= B =2y =107+ + 29 6}
72 (2+79) (1 =) (1+7)° (2= 7)* (26, + 6))
+(1=) 1+ 2= 2+9)

(1+7)*(@2-7)
50 —/16 + 32y — 2492 — 4873 + 1774 + 2475 — 6796 — 497 + B

and

7590, ) = 2= -7+ D2 =0+ (1+7)2-7)(2-7))
” (2= 6=y (147 2 - 7) 6
+272(1+7) 2 =76+ (1=7) 2+7) (1+7)*(2-7)
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The three threshold levels in Cournot competition are

49207 (1 — 6;) (2 — v —v* +7%67)
+2(4 =2 +9%0) (2+7 —10]) V(2 =) (2= 7 — 72 +70})
HJ_QC (927ry> = 7 5
( Ayt (=00 +200) + 77 (2 =) (247)7 (0] +20;) — 29° (24 ) (4 — ) 6} )

Ay (y+2) A=y =)0+ (2-7) (2 +7)°
444y +7% — /16 + 327 + 872 + 74
4~

%
RS

Y

and
20; (4 4 27 + 72602 — 2+0; — 7%0;)
(247 = 90) (4 =92+ 290; +920; — 2907)

We can verify that, in the feasible domdine (0,1) andy € (—1,1), 659 (6;,7) — 7%, (6;,) is

positive wheny < 0. We further have

079 (v) — 7% (v)

)

[ —4y2 4 371 — 24/16 + 32y — 2492 — 4873 + 1Ty + 2475 — 675 — 497 + 18 ]

+(2—7%) 16+ 327 + 892 + 1
y(2-77) ’

which is positive iffy > 0.

07°(0:, ) — 0;%.(6:,7)
YO =y (4 =72 (4+ 2y —*) 6}
A+ 4= 0 -y (1+7) (4 —~2)°

(247 =90) 2+7—7° = 10:) (4 =" + 290 — 296; +7°6;)
(4 — 572 + 44 + 7302 + 290, — 2760? + v20; — 730;)

which is positive wheny < 0 or wheny > 0 as long ag9); is sufficiently small. Hence the results

follow. Q.E.D.
Proof of Proposition 7:

In PM, suppose the seller negotiates with BuyerThe equilibrium wholesale price/™

satisfies

wi™ = arg max [y (wy, w:)]” [s (wy, w;)]' ™7
1
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The FOC is

l@(wixi + w;;) <ngj + gZZ) + (1 —0)my (x] + wjj + x; + w; ;ZZZZ)} - =0.
We obtainy!M = ~H-V.1MTTE0 W which is the smaller root to equation
Usw? + ugw + ug = 0,
where
uy = 4(2+7)(1-7)>0,
u, = —(10—60 —y — 57> — 0y +307°) a; + (2 + 20 — 5y — 7> + 30y — 67*) a; < 0,

uy = (1-0)(a; +a;) (2a; — v*a; — va;) > 0.

The equilibrium sales quantities are

v 2= ai—qe— (1-9) 249w
Z (1—172) (4 —12) 5
x,PM _ (2 —’72) — ya; — ( ) (2+’7) MP.

(1 =724 =2

The seller’s total profit equals (z7 + 2, FM) = wa% AswlM < “24 (this

+7)(ai+a;)
AT —) (1+7)°

seller prefers a higher wholesale price and chooses the thatdeads to a higher wholesale price.

is true because the above quadratic function equ < 0 whenw = C”Z“f), the

Obviously, each buyer prefers a higher demand, equivabeatiower wholesale price (based on

the above equilibrium demands as functions of the wholgsade). Actually we can verify that

(10 =60 — v — 572 — Oy + 30v*) a; — (2 + 20 — 5y — 7% + 30y — 07?) q;

(2420 — 5y — 4% + 30y — 072) a; — (10 — 60 — v — 57% — Oy + 30+2) a;)°
~16(2-+7) (1= 7) (1= 0) i+ ) (20; — +°a; — 70,

W= @)
>
(10 — 60 — v — 57y% — Oy + 30~v*) a; — (2 + 20 — 5y — v* + 30y — 0+?) q;
(2420 — 5y — 42 + 30y — 072) a; — (10 — 60 — v — 592 — Oy + 307%) a;)°
o —16(2+7) (1 =) (1 = 0) (i + a7) (2a; — 7*a; — va;)

| s+ (1-7)
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whena; > a;, thus, the results for PM follow.
In SQ assume round 1 is with Buyérand round 2 is with Buyes. Clearly, the round-2

equilibrium wholesale price is

ws(wy) = argmax. [m, (s, wp))” [mo(ws, wy) — wpas(wy, wy(wy))] '~

We obtain
(1—10) (2as — y*as — yay + 2ywy)
22 7)

wy(wy) =

The equilibrium wholesale price in round 1 is

wi? = arg max [mop (wp, ws(wp))? [ms(wy, wy(wy)) = we(w?)a, (we(wi?), wi?)] .
The FOC is
dw, dx, dxy
1-46 — — 14+6 —L —y,
( )(:cf+:cdwf+wdwf)+( + )wfdwf 0

which leads to

(4 =57+ 4+ 029 ap — v (2 — ) 62a
Y G T ) S

wi® = (1-0)
The round-2 wholesale price becomes

wa = 7~U8(wJ€Q)

= (1-9) 2= A =5+7"+0")a;. =104 =5+ 7" + 0% ay
2(2=77) (4 =572+ 7" + 20792 — 059%) '

The equilibrium sales quantities are

( 1-9*)(4-? (—7293 +(2- 72)2> ) 0

+292(8 =977+ 29" 0 + (1 = 7*)" (4 =)0

=7 2= (1 =" =)0+ (1 =) (4 =) (1 + 0+ 6°)) as
2(1=9)(2=92) (4 =7%) (4 = 592 + v + 20%9* — 6%9?)

5Q _
:L,f h—

and
(@va@%m+07%@v%u+e»%)
so_ A\ (073790 + - (A -7
’ 2(1=19%) (4 =7%) (4 =59 + 9% + 20292 — 6392)
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The seller’s total profit is}

9279 + w259, Supposer; > a;. In SQ, there are two negotiating
sequencesf, s) = (j,7) and(f,s) = (i,7). The seller’s profit difference betweé, s) = (j,1)
and(f,s) = (i,7) equals
V0% (1= 0) (4 + 467 — 5% 4+ 7% — 30%9% + 6%4*) (a? — a?)
4(2=72) (4= 572 + 74 420292 — 6342)°

Hence the seller prefers the sequenfes) = (j,4) in SQ. Notice that each buyer’s equilibrium

> 0.

profit m,; = (1 —~2) [Z; (w;, w;)]?, hence each buyer prefers a higher demand.
We consider Buyej’s preference first. Und€lf, s) = (j,4), Buyerj’s demand equals
( (2028 =97 +29M) 0+ (1= (4= )70+ (1 =22 (A=) (2= )" =) ) , )

2= (=)@ =)+ 0+ 1)+ (77 =7 = 4) ) a '
2(1=72)(2=7%) (4 =7%) (4 =572 + 91 420> — 6°9?) 7

Under(f, s) = (4, j), the demand equals

(2= (29207 + (1 =) (4 =9*) (0 + 1)) aj — v (4 = 57° + 9" + 46 — 367 + 6*¢") a;
2(1=72)(4=7%) (4 =572 + 7' +260%7* — 639?) '

The demand difference betweéfi s) = (j,7) and(f, s) = (i, j) equals

(2 =92 a; +a;
2(2—77) (4 =572 + 7" +20%92 — 6342)’

—0 (1 —0)*

hence Buyey prefers(f,s) = (j,14) iff v < 0 anda; < %ai.
Finally we consider Buyet. Under(f, s) = (j,7), Buyeri’s demand equals

2=7) 270"+ (1 =7 (4 =7") 0+ 1) a; =7 (4 = 57" +7" + 46 = 36°+* + 61 a;
2(1=19%) (4 =9) (4 = 57% + 9% + 26792 — 632 ’

and undex f, s) = (i, j), the demand equals

(226972 42900 + (1 =) (4= 420+ (1= (4= 12) (273" = 70°) )
2= (A=) A=) +0+1)+ (77" =7 = 4)6°) g
2(1=72)(2=7%) (4 =7%) (4 =592 + 91 420> — 6°9?)

The demand difference betweéfi s) = (j,7) and(f, s) = (i, ) equals

(2= a; +vya
2(2—17%) (4 =57 + 9" +20%% — 6392)’

70 (1 —6)
which is positive iffy > 0. Hence Buyet prefers(f,s) = (j,1) iff v > 0. Q.E.D.
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