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Abstract
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facturer has private information about production costsamsumer demand,
RPRs may serve as a communication device from manufactorestailer.
We characterize the properties of efficient bilateral refel contracts with
RPRs and discuss extensions to settings where consumendeésnaffected
by RPRs, and where there are multiple retailers or compstipgly chains.

Keywords: vertical relationships, relational contracts, asymnaeinforma-
tion, price recommendations.

JEL ClassificationD23; D43; L14; L15.

*The authors thank Daniel Halbheer, Martin Kolmar, Joharelk, Gerd Muehlheusser, Georg
Noldeke, as well as seminar participants at the UnivexsitBasel, the University of Lugano, the
University of St. Gallen, the University of Zurich, the Cl#orkshop 2008 at the Copenhagen Busi-
ness School, and at the DIW conference on Market Power,cétiiRestraints, and Competition
Policy in Berlin for very helpful discussions. The usualdésmer applies.

TUniversity of St. Gallen, ENCORE, Centre for Industrial Bomics, University of Copenhagen;
stefan.buehler@unisg.ch.

*University of Zurich; dennis.gaertner@soi.uzh.ch.



1 INTRODUCTION 2

1 Introduction

Retail Price Recommendations (RPRs) from manufacturerstailers are ubiqui-
tous, and they come in many forms: They are printed on theipgad consumer
goods (groceries, body care, etc.), listed on internetglas and commercial web-
sites (e.g., ebay.com, bmwusa.com), and attached as ésfrices” to durable
goods displayed on retailer premises (e.g., automobilesiehappliances). Yet,
RPRs may also be privately communicated to retailers arglliewunobservable to
consumers. A key feature of RPRs is that they are non-bindingture, that is, in
contrast to Resale Price Maintenance (RPM), the manufctiores not retain the
right to control the retail price (Mathewson and Winter, 8998).

Despite the ubiquity of RPRs, it is probably fair to say the economic ra-
tionale for making RPRs is not very well understood. Why dmuofacturers rec-
ommend retail prices if retailers are free to ignore theaoremendations? The
literature suggests two answers to this question. Firstetimay be dehavioral
motiveif RPRs directly affect consumers’ willingness to pay. Assing that con-
sumers suffer from loss aversion (Tversky and Kahnemari,;18hneman et al.,
1991) if the effective retail price exceeds the recommendéall price, Puppe and
Rosenkranz (2006) show that a monopolistic retailer maynalrily adhere to the
recommended pricé Second, there may be anticompetitive motivdf RPRs fa-
cilitate collusion among retailers (Bernheim and Whinstt®85; Mathewson and
Winter, 1998; Faber and Janssen, 2008), retailers may tasilynadhere to therd.
Both motives indicate that, to make sense of RPRs, it is aluciunderstand the
conditions under which retailers voluntarily adhere totstezommendatiorts.

In this paper, we propose an alternative approach thasnedigher on the behav-
ioral nor on the anticompetitive motive. Instead, we add imvportant ingredients
to the analysis that have found little interest in previowsky First, we observe
that vertical supply relationships usually offer repeatedie opportunities. That
is, supply relations are typically long-termed. Long-tesupply relations are com-
mon for the provision of branded consumer products (e.gmetics, watches, and
clothing) and even for entire retail chaifn§econd, we note that manufacturers are
often better informed about their own production costs tleailers. This seems

1Recommended retail prices are also known as manufactstayigested retail prices (MSRPS).

2These authors demonstrate that, if consumers’ loss avgrsicomes very strong, the manufac-
turer recommends a price close to the monopoly price.

SRecent work by Jullien and Rey (2007) further suggests thatailers adhere to RPRs, manu-
facturers may also employ RPRs to facilitate collusion agymanufacturers.

4Note that if one is willing to assume that manufacturers Hatteer” (i.e., non-modeled) means
of pressuring retailers into adherence to RPRs, there i$eao distinction between RPRs and RPM.

SFor instance, Marks & Spencer, one of the UK’s leading retajlis found to have little turnover
in its suppliers, and “some of its relationships are more th20 years old” (Kumar, 1996, 105).



1 INTRODUCTION 3

particularly relevant in the context of the provision of @sdled products such as
automobiles, computers, or mobile phones.

We show that these two ingredients together suggest a nodebsher different
motive for making RPRs: With repeated interaction and asginminformation
about production costs, RPRs may serve asmmunication devickom manu-
facturer to retailer. More specifically, RPRs may be partro{ieplicit) relational
contract (Levin, 2003), communicating private informatimom manufacturer to
retailer which is crucial for joint-surplus maximizatiom this relational contract,
the comparative statics of wholesale and retail margispeaetively, are very differ-
ent from the standard setting without repeated trade. Bhatong the equilibrium
path of the efficient relational contract, an increase ingimal cost leads to aim-
verse variation of wholesale and retail margjmghereas the standard setting would
predict a proportional variatioh.

The inverse variation of wholesale and retail margins ismaplication of our
finding that the efficient relational contract must be suuet such that the retailer’s
profit is constant (i.e., independent of the manufactumaesginal cost) along the
equilibrium path. This finding follows from the fact that thenufacturer will rec-
ommend the retail price which maximizes joint surplus (@srtruthfully revealing
marginal cost) only if he is made residual claimant to the&fbf cost savings on
joint surplus—which necessarily requires that the retailerofit is independent of
marginal cost. Since the retail price which maximizes jeunplus is increasing in
marginal cost, retail profits can only be independent of mafgost if the retall
margin is increasing (rather than decreasing) in margionat, mffsetting the ad-
verse demand effect generated by an increase in marginal together with the
standard result that the total margin is decreasing in malgiost, this implies an
inverse variation of wholesale and retail margins.

The relational contract which we characterize in this pdpes a number of
desirable features. First, the contract solves a compleicaecoordination prob-
lem employing solely (i) a simple linear wholesale priceesole, (ii) linear RPRs,
and (iii) an implicit understanding of the costs and benefitadhering to the con-
tract. The simplicity of the contract may explain the prevale of linear supply
schemes despite the well-known double marginalizatioblpra in vertical supply
relations! It is also consistent with Kumar’s (1996, 105) observatiwat tcompa-
nies that base their relationships on trust either havemahcontracts or do away

6Bresnahan and Reiss (1985) examine the proportionalityholesale and retail margins in the
automobile industry. Steiner (1993) and Lal and Narasinm(i@86) highlight the possibility of an
inverse relationship between wholesale and retail marginshese authors ignore the role of RPRs
in determining margins.

’The classic reference on double marginalization is Sperf®50). See Tirole (1988) for a
textbook treatment.
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with contracts altogethe®.Second, implementing the profit-maximizing outcome
places a very low ‘computational burden’ on the retailert the retailer needs to
do is follow the manufacturer's recommendation. This idipatarly convenient in
industries where production costs are volatil@hird, the relational contract pro-
duces more realistic predictions on how the surplus is bplitveen manufacturer
and retailer than the standard one-shot setting withowatea trade.

We consider two major extensions to our basic setting. ,raststudy the case
where RPRs not only convey information to the retailer, lmgaly affect consumer
demand as well® We show that the relational contract with RPRs can still @apl
ment the surplus-maximizing outcome, but the effectivailgirice may deviate
systematically from the RPR along the equilibrium path. sTi@sult is consistent
with the notion that consumer demand may be stimulated bymmicing’ (the
practice of setting fictitiously high RPRs so as to fool cansts into thinking they
are buying at bargain prices). Second, we consider a settiege both the costs of
productionand consumer demand may change over time. This is natural iféhe p
ods in our analysis are interpreted as product cycles, wheesv period represents
the introduction of a new variety (a new pharmaceutical daigew car model,
etc.). We show that our results generalize naturally togéigng, even if the manu-
facturer has superior information on consumer demand, feogn pre-launch R&D
and marketing studies). The key difference to the basitgatt that the RPR now
has the more complex function of communicating informatonboth production
costs and consumer demand.

We also explain how to alleviate some limitations of our &geh. In particular,
we discuss the requirement that parties are sufficientigipiaio make the relational
contract self-enforcing, the confinement to linear targisd the extent to which our
analysis generalizes beyond bilateral relationships.

This paper is related to the literature on relational caritrand collusion. Baker
et al. (2002) and Levin (2003) investigate how history-aogent strategies in re-
peated games can substitute for court-enforceable cositiaccontrast to our set-
ting, transfers are allowed in every stage game in theserpapgghey and Bag-
well (2001) also consider how relational contracts can tuwits for transfers, but
they focus on ‘optimal’ horizontal collusion and abstraonh vertical relationships.

8This author also notes that the majority of wholesalers padaactually operate without (ex-
plicit) contracts.

9Using data from the Dutch gasoline market, Faber and Jarf2968) examine whether RPRs
simply summarize how retailers should adjust retail pricebe in line with frequently changing
input prices. Their results suggest that RPRs also helpdodawate retail prices.

10The classical, behavioral reasoning is that the RPR’s effeconsumer demand derives from
‘mental accounting’ on consumers’ behalf (cf. Thaler, 19&8ternatively, one might imagine that
the RPR contains actual informational value for rationaistoners in a setting with asymmetric
information.
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Nocke and White (2007), in turn, consider vertical relasioips, but their focus is
on showing that vertical integration facilitates horizanipstream collusion, while
we analyze how RPRs can help establish vertical collusi@n, (implement the
surplus-maximizing outcome) between manufacturer aradleet

Our analysis is also related to the literature on repeatqdes#ial games, as
the vertical supply relationship under study gives rise sequential stage game
where the manufacturer moves before the retailer. Wen (2@@¥ides a Folk the-
orem for repeated sequential stage games, and Mailath (@08&I8) study optimal
punishment in repeated extensive-form games with impigpiayers:? In our set-
ting, the retailer can punish observable deviations by taeufacturer immediately
(i.e., within the same stage game), so that neither the atdrieblk theorem (Fu-
denberg and Maskin, 1986) nor Abreu’s (1988; 1986) resulliomple penal codes
apply. Nevertheless, we show that a simple linear relatiooriract with RPR can
implement the surplus-maximizing outcome.

Finally, our paper contributes to the literature on vetticantracting under
asymmetric information. One strand of this literature f&esion the case where
the retailer is privately informed and studies RPM or qugritking arrangements,
respectively (Gal-Or, 1991; Blair and Lewis, 1994; Martintnand Piccolo, 2007).
Another strand of the literature assumes that the manutachas private infor-
mation on the demand for a new product and examines the radegpéling and
screening from the perspective of marketing research (C9@2; Desai and Srini-
vasan, 1995; Lariviere and Padmanabhan, 1997; Desai, 2800 of these papers
studies the role of RPR for vertical contracting under aswtniminformation.

The remainder of the paper is structured as follows. Se&iortroduces the
analytical setup and analyzes the full information versibthe repeated sequential
game. Section 3 examines the repeated sequential gamethadesumption that
the manufacturer is privately informed about the cost ofipation and derives the
key results of our analysis. Section 4 provides a numberlevaat extensions and
limitations. Section 5 concludes.

2 Repeated Trade and Relational Contracts with Com-
plete Information
This section shows how relational contracts can resolvedlbdle marginalization

issue in a world of complete information and repeated trdde prospect of con-
tinued future cooperation can entice parties to take astrdmch, rather than max-

110ther important contributions to the literature on repéatequential games include Rubinstein
and Wolinsky (1995) and Sorin (1995).
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Manufactureivi marginal cost

| w (wholesale price)

RetailerR 1:1 transformation

| p (retail price)

Consumers DemandD(p)

Figure 1: The Vertical Structure of the Supply Chain.

imize own short-run profits, achieve joint-surplus maxiatian. We also argue,
however, that, when information is complete, this is pdssithout the explicit
communication of RPRs, which sets the stage for our latelysisaof repeated
vertical trade undeasymmetriénformation in Section 32

2.1 The Basic Stage Game

We embed our analysis in the classical model of double maligation (Spengler,
1950), where a manufacturbt and a retaileR (the ‘vertical supply chain’) trade
to serve a retail marketM produces an intermediate good at constant marginal
costsc > 0. Rin turn can transform this intermediate good into a final g¢fod
simplicity, using a costless 1:1-technology), for whichfaees a consumer market
with demandD(p), whereD'(p) < 0, andD”(p) < 0 for all p (see Fig. 1). Trade
proceeds as followdy offers a wholesale price at whichR can buy an arbitrary
amount of units.R then sets a retail pricp, after which demand(p) material-
izes. Payoffs are thuaR(w, p) = (p—w) - D(p) and ™ (w, p) = (w—c) - D(p),
respectively.

Let 7™, T denote payoffs in the (subgame-perfect) equilibrium of time,
andp ,wthe corresponding equilibrium prices. By the familiar dlmaitnarginaliza-
tion logic, T + 7% < 1" = maxy (R + m™): Vertical externalities lead to a retail
price p which exceedshe pricep* = argmax,(p — c) - D(p) which an integrated
monopolist would charge.

2Formally, this section’s analysis is a special case of in&ction 3. Where therefore keep the
formal exposition as compact as possible and omit proofs.
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2.2 Repeated Play and Relational Contracts

Several remedies to the double-marginalization problewe Heeen suggested in
the literature, such as the use of non-linear tariffs (ietting M charge a fixed
fee), or RPM (i.e., assigninlyl the right to control retail pricesf This paper
investigates an alternative route to avoiding double nmatgiation by way of ‘re-
lational contracts’ (cf. Baker et al., 2002) in the contektrepeatedplay of the
above game. This approach is motivated by two observatkrst; real-world rela-
tionships between suppliers and retailers typicaflylong-termed. Second, price-
recommendations may embody the communication of an imifticeat’ from M

to R, in the spirit of “charge this retail price, or else...”. Suzthreat only makes
sense in a world wher@l has a chance t@actto R's choice ofp in the future.

Technically, we consider a repeated game in which the abaredthe ‘stage
game’) is repeatedd infinitumin periodst =0,1,2,..., and parties discount future
payoffs at rated € (0,1). Following Levin (2003), a ‘relational contract’ represen
a complete plan for the relationship, specifying each paegtion for any possible
history of the game. It is ‘self-enforcing’ if it describegparfect public equilibrium
of the repeated game.

It is easy to see that one equilibrium of this game is an irdingpetition of
the stage-game equilibrium, resulting in paydf¥, 7 in every period. There
are, however, other equilibria. Particularly, considerfibllowing ‘trigger-strategy’
equilibrium:

e M setsw = W for any history which doesot containM having setw # W

or R having setp # p* in any previous movedyl setsw = w (the one-shot
equilibrium wholesale price) otherwisé;

e Rsetsp = p* for any history which doesot containM having sew # W or
R having setp # p* in any previous moves; for all other historid?® plays
(myopic) best response to theset byM in the current period.

It is easily checked that, for adequate choicevdko that each party’s equilibrium
stage-game payoff exceeds its equilibrium payoff in the-sin@ stage game) and
for sufficiently patient partiesd( close enough to 1), the above strategies form a
subgame-perfect equilibrium.

The following features of this equilibrium are worth notingirst, the sum
of equilibrium payoffs is maximal in every round (becayse- p*), so double
marginalization is eliminated. Second, the levelEflects an (implicit) agreement

13Note that the double-marginalization problem will alsceglipear ifR has full bargaining power
(i.e., if he can make a take-it-or-leave-it offer concegnine terms of trade).

140bserve that, even M cannot directly observp, he is able to infer it from his realized profits
at the end of the stage game becabDse: 0.
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on how the surplus from cooperation is to be divided betwdeand R, but does
not affect the size of the surplus (provided thdfalls within the bounds described
above). As such, the repeated setting is more flexible camgethe distribution of
surplus than the non-repeated setting, where full banggipower somewhat artifi-
cially rests withM (who can make a take-it-or-leave-it offer®. Third and finally,
the specification oR's strategy differs slightly from the usual formulation oigt
ger strategies because the stage-game itself is an exderaiver than normal-form
game (essentially requiring optimality Bfs action not only contingent on actions
taken in previous rounds but also contingents action in thecurrentround).

Naturally, there are many more equilibria in this infinitepeated gam®,
which leads to the usual issue of equilibrium selection. &swill argue below, the
focus onefficientequilibria can be justified by the fact that, fddarge enough, the
joint surplus from the relational contract can be split agnparties in an arbitrary
way (see Theorem 1 in Levin, 2003, for a similar argument).

2.3 Enter Retail Price Recommendations

To investigate the role of RPRs in this setting, assume nat th every round,
in addition to naming the wholesale priege M can name aecommended retail
price p € R. What role might this non-binding communication play?

In the context of our above cooperative equilibrium, a fitgpesficial inter-
pretation might view the RPR as an explicit communicatioMid strategy toR:
M might recommengb = p* in every round so as to make explicit thasetting any
other price will terminate cooperation. Strictly speakihgwever, there is no need
for such communication in equilibrium: Nash equilibriunguéres each party’s
strategy to be optimal givetorrect beliefs about the strategy of the other. Conse-
guently, in equilibrium, there is no point in such commuti@a. In other words,
efficient collusion betweel andR (‘supply chain efficiency’) can be achieved with
or without RPR becaud® knowshe efficient retail pricgg* (and he is assumed to
know that this is the focal point of coordinatiot.

Essentially, however, the remainder of our analysis wijuar that this is an
artifact of the assumption of complete information. In tgattrade betweerM

150bserve that we cannot immediately apply to the standarkl thelorem to describe possible
equilibrium payoffs because the stage game is an extefwmiuerather than a normal-form game
(see Wen, 2002, on applying the Folk theorem to repeatedsivteform games).

16Given the multiplicity of equilibria, one might see a role RPRs as a device for equilibrium
selection. Absent any clear theoretical underpinning, &l 10t further investigate this role here.
Moreover, observe that communication of an RPR can only inetmedimension of the coordina-
tion problem: focussing oefficientequilibria (the more ‘obvious’ part of the coordination ptem),
but not on the problem of coordinating on the terms by whiaipleis is split (i.e., the equilibrium
level of w).
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andR takes place in an ever changing environment where productist, demand
conditions, and thus the efficient retail price vary fromipéito period. Moreover,
it seems plausible that the manufacturer is better inforafezlit some aspects of
this environment—particularly his costs of production. We will see, repetition
of trade still allows parties to coordinate on an efficientcome by means of a
relational contract. However, witM holding private information, some form of
communication fronM to theR—such as by means of RPRs—becomes crucial.

3 RPRs with Privately Known Production Costs

In this section, we extend our analysis to a setting wheréh@)manufacturer’s
costs of production vary from period to period, and (ii) themafacturer holds privy
information on these costs. Concerning the former, notewieaneed not literally
interpret our setting as one in which it is precisely the sgomed which is being
sold in every period. It may indeed be more natural to intgrgive periods of the
model as ‘product cycles’ where, in each period, the retaiigoduces a new or
improved version of the product traded in the supply chaircl{sas a new drug, a
new book, or a new car modéj.

In this situation, surplus-maximizing coordination beénd/ andR crucially
requires some way for the former to communicate the curev lof costs to the
latter. This section formalizes the point that this can beoawlished by means
of RPRs.

3.1 The Setup

In each stage game, we now assume the following sequencemtsev

1. marginal costs are (independently) drawn from some publicly known distri-
butionF (c) over |c,T] and observed only byl;18:1°

2. M sets a wholesale pricg and communicates an RRROR,;
3. Rsets a retail price;
4. stage game profig™ = (w—c)-D(p) andn® = (p—w) - D(p) are realized.

L'This interpretation of course suggests the possibilitgerhandvarying from period to period
as well. We will return to this in Section 4.1.2.

18Equivalently, the model captures a situation in whichRigan observéM’s costsc, but (i) ¢
is the sum of inherent efficiency and cost-reducing effdststt{ privately known tdM). This iso-
morphism is completely analogous to that between the BanmdnMyerson (1982) model and the
Laffont and Tirole (1986) model, respectively, in the cottef monopoly regulation.

19The simplifying assumption that costs are independentaqeriods can easily be relaxed.
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Observe that, givew, R's payoff in the stage game is independentofo that
there are no signaling effects: the equilibrium of the sig@®e corresponds to that
under common knowledge af In extension to Section 2’s analysis, we V&)
and p(w) denoteM and R’s respective equilibrium strategies in the stage game,
and we lef™ (c) and7i¥(c) denote their resulting equilibrium payoff8 Note that
7™ (c) > 0 and7i¥(c) > O for all ¢, as each party can always ensure itself an non-
negative marginN! by settingw high enoughR by settingp high enough).

Moreover, we letr(p,c) = (p—c) - D(p) denote joint surplus for any cost
realizationc and any pricep set byR, and we letp*(c) = argmax, i(p,c) and
m*(c) = m|p*(c), c] denote the joint-surplus maximizing price and the maxiroial]
surplus, respectively. In the following, for brevity, wellWrequently refer top* as
the efficientretail price; that is, efficiency will refer to theupply chain’ssurplus
being maximized.

Furthermore, we will make the following assumption:

Assumption 1. D[p*(c)] > 0 for all c € [c,T].

By assumption 1M'’s private information concerns only the scale at which the
market should efficiently be supplied—nehetherit should be supplied or not.

As above, collusion betwedvt andRwill be desirable becaug@’ (c) +7(c) <
mr*(c) for anyc due to double marginalization. However, the problem wiffcieit
collusion is that the efficient retail prige® depends om. Indeed, to the extent that
joint-profit maximization corresponds to the standard npmty-pricing problem,
the following comparative statics are immediate (see thpehplix for a formal

proof):
Lemma l.0< dp*/dc< 1, anddm*/dc < 0.

Thus, the joint-surplus maximizing prig® is increasing irc, whereas both the
overall marginp* — ¢ and joint profitsrt* are decreasing io.

ConsequentlyR can set the efficient retail prigg" only if there is some form
of communication about from M to R. In the following, we will investigate how a
relational vertical contract with RPRs can overcome thdlemms of informational
dispersion and double marginalization, thereby ensurffigiency of the supply
chain.

2OFormally, equilibrium strategies in the stage gameT{te) = argmax,(p — w) - D(p), W(c)
argmay,(w— c) - D(p(w)), and equilibrium payoffs ar@" (c) = [w(c) — ¢] - D[p(W(c))], ™ (c)
[P(W(c)) —w(c)] - D[p(W(c))].
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3.2 The Relational Vertical Contract

Generally, the above repeated game will again host a myfiagiolibria. In the fol-
lowing, we will focus on a special class of equilibria, whiefil also make clearer
the role of the RPR in the game:

Definition 1. An efficient relational contract with self-enforced price oeamenda-
tions (ERCP)is an equilibrium in which, for some function(c), parties take the
following actions along the equilibrium path:

(@) in any period with cost realizatiann M setsw = w(c) and recommendp =
p*(c);
(b) Rsetsp=].

Conceptually, ERCPs are a subset of equilibria which estahl self-reinforc-
ing, implicit mutual agreement betwedhandR, where this agreement substitutes
for a court-enforceable contract askingRijo adhere tovI’s price recommendation
P, and (i) M to recommend thefficientretail pricep* and to adhere to a certain
schedule in settingv, where this schedule is a function of true costsindeed,
keeping this interpretation in mind will be useful for théléaving analysis.

Our focus onrefficientrelational contracts is motivated by the fact that, as we
shall see shortly, if players are sufficiently patient, ttteareexistsan ERCP. More-
over, we will show that, given sufficient patience, ERCPsglit this efficient sur-
plus in an essentially arbitrary way (by choice of th)-schedule). Consequently,
the issues of efficiency and distribution are separabledrsémse that angefficient
equilibrium is strictly Pareto dominated by some EREP?

ERCPs leave two elements of players’ strategies unspecifiegarties’ off-
equilibrium strategies, and (ii}(c), the wholesale price schedule—which essen-
tially describes how equilibrium profits are to be sharedusrfbompleted, agents’
strategies must form an equilibrium in the sense that safitnel it unprofitable to
deviate from their respective strategies both on and oféthelibrium path.

To understandhow the relational contract can discipline deviations from the
equilibrium path, it is important to observe that there are tlasses of deviations:
(i) deviations which are (eventually) observed by the offety, and (ii) deviations

21See Levin (2003) for a similar argument. The main differéadiat Levin finds this separability
between efficiency and distribution for arbitrdiyeddiscount factors, because his model allows for
fixed transfers between parties in each period. We coulddejme Levin’s exact argument in our
model by giving parties a one-off chance for initial fixednséers before the first round of trade
(‘installment transfers’).

22Another restriction implicit in our definition of ERCP is ththe schedule by whicw s set (i.e.,
the agreed-upon division of surplus) is assumed statiortaimen that parties discount at the same
rate, this restriction involves no loss of generality: Iedmot affect the level od required for an
ERCP with arbitrary division of expected discounted paytdfbe sustainable.



3 RPRSWITH PRIVATELY KNOWN PRODUCTION COSTS 12

which are not. More specificall\R can deviate by setting a retail prigewhich
doesnot correspond to the pricp recommended to him bil. Such a deviation
will be observed byM at the end of the current stage gafieFor M, in turn,
there exist both observable deviations and unobservabiatiss. Observable
deviations consist in proposing a combination of wholesalee w and RPRp~
which is ‘unreasonable’ in the sense that this combinaterenoccurs along the
equilibrium path foranyrealization ofc. More formally,R will immediately detect
a deviation ifM sets aw and recommends p such that there exists o€ [c,T|
with w = w(€) and p'= p*(€). Unobservableleviations forM, on the other hand,
consist in setting & and recommending p for which there exists a € [c,T] such
thatw = w(€) andg'= p*(€).2*

Intuitively, observablaleviations can be disciplined by appropriate trigger strat
gies which trigger future losses (‘punishments’) for thdseiations if parties are
sufficiently patient (and short-term deviation payoffs Amnded). For the mo-
ment, we shall therefore assume that parties avoid obderdaliations and con-
sider how the remaining unobservable deviations can béptiised. We will make
more precise how observable deviations can be disciplm&dction 3.4 below.

3.3 Unobservable Deviations: Truthful Revelation ofc

Formally, unobservable deviations involi settingp andw such that there ex-
ists e [c, ] with w=w(€) andp'= p*(€). Such deviations are equivalent X
submitting a false cost repaet<|[c,T| to R and, givenM’s private knowledge of,
are not detectable big. Moreover, given thap*(c) is strictly monotone irc (see
Lemma 1), adherence to the relational contract (i.e., tegpthe efficient price) is
equivalent to requiring &uthful cost report fromM in every period. As the fol-
lowing result shows, this in turn places heavy restrictiongparties’ equilibrium
payoffs:

Proposition 1. In any ERCP in which both parties avoid all observable devra,
M will recommendp = p*(c) if and only if R’s equilibrium profit is independent
of c.

See the Appendix for the proof.

23Even if M cannot directly observe the retail price setRygiven thatD’ < 0, he can always
perfectly infer it from observation of his profits.

24More specifically, such deviations are not detectatiléd certainty In our repeated context,
R may of course collect the implicit costs repottmade in every period, compare the series of re-
ports to the prior distributiori(c), and initiate punishment based on some statistical testtiether
the reported’s represent independent draws frdift). However, such a strategy necessarily in-
volves a positive probability of punishmeuwr the equilibrium patland is thus weakly dominated.
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The simple intuition underlying Proposition 1 is thdtwill find it optimal (in
fact, strictly optimal) to truthfully reveal his costs only if he is maderesidual
claimantto the effect of cost-savings on joint surplus—which regsithaiR’'s equi-
librium profits iR be independent af.2°

By Proposition 1, ERCPs can be fully parameterizedsy(constant) equilib-
rium rent7i® € R: the level of this rent is the only remaining degree of fremdn
designing the ERCP.

3.4 Observable Deviations and Trigger Strategies

Given that unobservable deviations are disciplined (byingal residual claimant),
it remains to make sure that parties avoid observable demgbas well. In the fol-
lowing, we consider trigger strategies in which playersereindefinitelyto their
respective equilibrium strategies of the stage gamie)(andp(w), respectively) as
soon asomebodybservably deviates from the equilibrium pah.

ForM, observable deviations consist in setting and recommending@vwhich
do not match forany ¢ Such deviations will immediately be detected Ryi.e.,
within the stage game) and, according to his trigger styatemuse immediate re-
version to his best response in the one-shot gatve). Consequentlyy’s best ob-
servable deviation has him sgtc) and earn stage-game equilibrium profité c).
His incentive constraint can therefore be written as

™ (c) — ™ (c) < 25E[m"(c) - (c)]. (1)

Since (1) must hold for alE, it must also hold in expectation (ove), imply-
ing E[r™(c) — ™™ (c)] > 0,7 so that the right-hand side of (1) is non-negative.
Thus, for anyd, deviation can only be profitable in the first place tosuch that
™ (c) < 7 (c). Moreover, since net deviation gains (the left-hand sidg})fare
bounded? it immediately follows that, for E™(c)] > E[T™(c)] (if M’s expected
gains from the relational contract are strictly positithire exists @ large enough

25This result is reminiscent, for instance, of the Loeb-Mgwraposal in the context of monopoly
regulation (Loeb and Magat, 1979): One way to induce a moligipaith private cost information
to set socially efficient prices is to award the firm a trandfier size of consumer surplus for any
price it chooses, thus making the firm residual claimant amessurplus.

26\We do not claim that these off-equilibrium strategies citaigt optimal penal codes in the sense
of establishing equilibrium at a minimal required discofattor. As shown by Mailath et al. (2008),
Abreu’s (1988) classic result on optimal penal codes is motegally applicable in the context of
repeateextensive-fornstage games.

270bserve that this condition is equivalentts ex-anteparticipation constraint, describing his
willingness to enter the relational contract (rather thepeated one-shot play) in the first place.
Thus,M'’s participation is implied by his incentive constraints.

28Recall that is drawn from a compact set.
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ERCPs:
™ (c) + m = 1*(c), Ve

Figure 2: Achievable Average Payoffs f@ Large Enough.

to satisfy condition (1) for alt. Thus, provided sufficient patiendeg, will volun-
tarily adhere to the relational contract even if currentfigga™ (c) fall below his
equilibrium profits from the one-shot stage game: The fuloing-run gains from
cooperation will make it worth incurring this loss. For fugéureference, note in
particular thatM can be induced to adhere to the relational contract evenrnéct
profits ¥ (c) arenegative

ForR, in turn, any deviation (i.e., setting=* p) will earn him the expected pay-
off of the stage-game equilibrium¢[EiR(c)], in all future periods. Since this future
stream of expected payoffs is independent of the deviatimsen (and the current
level of ¢), R's optimal deviation will simply have him play his best resge in
the one-shot game,= p(w(c)), which will earn him[p(w(c)) —w(c)] - D[p(w(c))]
instead ofriR in the deviation period. HencRs incentive constraint can be formu-
lated as

[PW(e) ~w(o)]-Dlpw(o)] - < s {m-Emfe)}, @

where the left-hand side is non-negative (for av(g), R can always obtaim® by
settingp = p*(c)), implying 7R > E[T(c)].
Moreover, the left-hand side of (2) is again bounded, sq fhar® > E[7i(c)],
there necessarily exists¥darge enough so that condition (2) is satisfied focaf
In sum, this establishes the following result:

Proposition 2. If parties are sufficiently patient, any ERCP wighr (c)] > E[7¥ (c)]
andrR > E[TTR(C)] (i.e., such that each party’s expected equilibrium paysifistly
exceed expected payoffs from the stage game equilibrium)esupported.

Fig. 2 illustrates this result: Through different choicdstlre w(c)-schedule
(representing moveaslongthe bold line in Fig. 2), different ERCPs with different

29again, R's participation constraint is implied by his incentive straints (see Fn. 27).
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divisions of expected discounted payoffs can be implententEhe shaded area
shows expected payoffs resulting franefficientequilibria. Fig. 2 visualizes our
earlier claim (used to justify our focus on ERCP) that, pdex sufficient patience,
any equilibrium is strictly Pareto-dominated by some ERCP.

Inanalogy to the standard Folk result, different ERCPsef¥idourse require dif-
ferent critical discount factors. Generally, a high distiofactor is required when-
ever a party’s short-run gains from deviation are high netato its future gains
from cooperation. Specifically, this means that higheralist factors will be re-
quired to implement ERCPs with a moasymmetridivision of the surplus from
cooperation, leading to ERCPs toward the ends of the bodditirFig. 2 (we will
further discuss the role of sufficient patience in SectiéhMbelow).

3.5 The Role of RPRs in the Relational Contract

The above relational contract suggests the following esvooationale for RPRs:
They permitM to (implicitly) communicate the current level of costsand thereby
enablesRto set the conditionally optimal retail prige

Strictly speaking, however, this additional communicai®unnecessary N’s
equilibrium announcement ot permitsR to perfectly infer the current in ev-
ery round, which in turn is the casevf(c) is strictly monotone irc.3° As the
following result (proven in the Appendix) shows, there ataations in which the
w(c)-schedule is non-monotone:

Lemma 2. sign(dw/dc) = sign ™ (c)].

Thus, the retail price will be increasing (decreasingg imheneverM’s stage-
game payoff is positive (negative). To understand thisgltéleat thew(c)-schedule
must be chosen so as to indudeto recommend the optimal prige (c). Now, for
anyc and starting fronp = p*(c), a marginal increase in the price recommendation
will decrease demand. For a fix@d= w(c), this will decrease his profits if his
markupw(c) — c is positive, and increase it if the markup is negative. Toradiae
this effect, recommending a higher price (pretending toehaigher costs) must
therefore be accompanied by a riseniif M’s markup is positive, whereas it must
be accompanied byfall in wif M’s markup is negative.

3OMore specifically, for any ERCP (and the accompanyirig)-schedule), rather than askto
adhere to the recommendatiprthie relational contract could instead &to inferc fromw in each
period and set the conditionally optimpi(c). Equivalently, this could be achieved by specifying
a mapping fromw to p as part of the relational agreement, to whiRladheres. In either case, the
price recommendatiop (or more generally, communication of more tharfirom M to R in every
period) would become superfluous.
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(a) ERCP (b) One-Shot Equilibrium

Figure 3: Comparing Profits and Prices: ERCP vs. One-Shot Equilibrium

To understand whyr™ (c) may well be negative (for certain valuesa)f recall
from our previous discussion in Section 3.4 that this is obfamatic so long as
E[r™(c)] > E[T(c)], so that participation in the ERCP is profitable fdrin the
long run. Note however that, sing@’(c) = m*(c) — i, wheredm*/dc < 0 by
Lemma 1 andi®/dc = 0 by Proposition 17t (c) is strictly decreasing in, which
implies thatdw/dc can change signs at most once—from positive to negative (see
the illustration in Fig. 3, panel (a)).

In sum, while thew(c)-schedule is nohecessarilynon-monotone, it may well
be in situations wher®’s expected share in joint profits from the relationship are
low—as might be expected M has low bargaining power at the time the relational
contract is negotiated. In such situations, the RPRrms an indispensable part
of the efficient relational agreement in terms of allowiMgto signal current cost
conditions to the retail-price settBr

3.6 The Economics of the ERCP

Our above explanation of RPRs rests on two ingredientsejg¢ated vertical trade,
and (ii) private information of the manufacturer on his progon costs. To un-
derstand the joint economic role of these two ingrediergsali from Section 2
that repetition of trade@lonedoes not justify the use of RPRs because parties may
achieve joint-surplus maximization without it. Secondisieasy to see that, in a
one-shot version of the game in whidh privately knowsc, there is no use for
RCPs either: Given any announced wholesale pruc&'s optimal choice ofp is
unaffected by his belief aboat so thaRwill disregard any communication abaut
Hence, both ingredients are indeed vital to our interpi@tadf RPRs as a signal
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from manufacturer to retailerM’s private knowledge on production costs gives
him something to signal about in the first place, whereastitagepetition of trade
which makesR careabout such a signal.

Eventually,given these two ingredients, RPRs may be seemnasstrument
which, together with a simple linear transfer scheme betv®andR (and together
with an ‘implicit understanding’ between the two) provigesobservationally sim-
ple solution to a complex coordination problem.

There are however two minor caveats to this interpretati®tRiRs.First, RPRs
(i.e., communication of the efficient retail prip&(c)) are only one of many possible
ways forM to signal information ore to R. Formally, communication of any other
strictly monotone transformation ofwill do as well. Secongas seen in Section 3.5,
given communication ofv(c) and the single-peakedness of the)-schedule, any
additionalbinary form of communication (i.e.,c is low’ vs. ‘c is high’) in fact
suffices forR to correctly inferc.

Concerning these caveats, we shall for now contend oursély¢he fact that,
given thatsomeadditional communication concerniegs necessary, an RPR seems
like a very natural instrument to achieve this. Indeed, fibmsn of communication
puts the least computational burden on the retailer, whot siogply follow the
manufacturer's recommendatiéh. We will return to these caveats in Section 4,
where we will argue that (i) the form of communication useddrees unambiguous
once consumers respond to the RPR (as is assumed elsewtierdit@rature), and
that (i) the RPR can in fact be used to communicate more tn&trepst-information
fromM to R.

3.7 Implications for Markups at the Wholesale and Retail Leel

A key feature of our above analysis is that equilibrium pricboth at the wholesale
and at the retail level is not driven by myopic concerns, lagher by concerns
for future cooperation. As such, the analysis’ predictionshow margins at the
retail and wholesale level vary mare quite different from those derived in a static
framework.

Specifically, in our model, markups at the wholesale leveldaiven by Propo-
sition 1, which establishes th&s equilibrium profits must be independent of
For the assumed linear transfer scheRig equilibrium profits under the relational
contract aret?(c) = [p*(c) —w(c)] - D[p*(c)]. Thus, the requirement that(c) be
constant inrc immediately translates into a requirementRs equilibrium markup
p*(c) —w(c): To keepr?(c) constantR's equilibrium markup must be inversely

31More precisely, RPRs will be the efficient communicationidevin a world with boundedly
rational retailers. This role of RPRs has previously beguysated by Faber and Janssen (2008).
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related to equilibrium demand:

Corollary 1. The wholesale-price schedulgay in the relational contract must
be such that R’s equilibrium markupj (&) — w(c), varies in inverse proportion to
demand. Equivalently, f@) must be of the form

w(e) = p*(c) - 1% /DIp (0] 3)

for somer € R.

Since equilibrium demand is strictly decreasingifiecall thatd p*/dc > 0 by
Lemma 1 andD/dp < 0 by assumption), and sina&® > E[T13(c)] > 0, R's equi-
librium markup must therefore be increasingcinGiven that theoverall markup
p*(c) — c is strictly decreasing it by Lemma 1, this immediately yields the fol-
lowing result concerning the (inverse) co-movement of nmsr@t the wholesale
and retail level:

Corollary 2. M’s markup w- c is decreasing in ¢, whereas R’s markup-pw is
increasing in c.

The differences in predictions between one-shot play apdated play are il-
lustrated in Fig. 3 which, for a specific (linear) demand timt, shows prices and
profits under the ERCP (for a certain level/t) in panel (a), and prices and profits
in the stage-game equilibrium in panel (b). Note, in paficuhatR's markup is
increasing under the ERCPB*(c) —w in panel (a)), whereas it is decreasing in the
stage game equilibriunp(c) —w(c) in panel (b)).

The possibility of an ‘inverse’ relationship between wisalke and retail markups
has previously been noted in the advertising literatureingt (1993, 717) empha-
sizes that the inverse association of wholesale and retmikups is a “prevalent
although not ubiquitous phenomenon” that has largely gomoticed in the eco-
nomics literature. Lal and Narasimhan (1996) show that rfeenturer advertising
may actually give rise to inversely related margins by sgunegthe retail margin
and increasing the producer margt.

Note finally that keepingt® constant and strictly positive for atlis only pos-
sible if demand at the efficient price is always strictly piesi which is why As-
sumption 1 (that private information doast concern whether the market should
be supplied or not) is crucial to our resétt.

32Estimating a static successive monopoly model (similahéostage game discussed in Section
2.1), Bresnahan and Reiss (1985) find proportional markupee U.S. automobile industry.

330ne might, however, easily extend our analysis also to thge dy allowing for a transfer
from M to R for ¢ such thaD(p*(c)) = 0. Such a payment may be thought of as a compensation for
damages.
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4 Extensions and Limitations

This section considers a number of relevant extensionsiamiiions of our anal-
ysis in Section 3.

4.1 Extensions

We begin with the case where RPRs communicate not only tdfhmit also to
consumers? Letting the demand function depend both on the actual rptaie
and the RPR, we allow fdoehavioralaspects in consumer demand. Specifically,
we examine the notion that demand may be stimulated by ‘moiemg’ (i.e., the
practice of setting ‘fictitiously’ high RPRs so as to fool somers into thinking they
are buying at bargain prices). We show that, if consumer densmmaximized at
some discount from the RPR, the supply chain can maximizislus by means
of a simple variation on the relational contract in which RieR is systematically
higher than the intended retail price. ThatRs downward deviation from the RPR
is itself part of the implicit agreement.

Next, we consider a setting in which not only production spsut also demand
may vary across periods. This is natural if the periods inanalysis are inter-
preted as product cycles, where a new period representattiveluiction of a new
or improved product. We find that supply-chain efficiencytil attainable in the
context of a relational agreement. Moreover, we argue thtaie retailer has better
projections about consumer demand than the retailer, tteRPR becomes even
more crucial as a communication device.

4.1.1 ‘Moon Pricing’

The rationale for RPRs in Section 3 was derived under thengsson that con-
sumers’ willingness to pay for the final good is independdrnhe RPRp; so that
consumer demand depends only on the retail price. Behawor& suggests, how-
ever, that consumer demand may depend on both aatihtecommended retail
price. In particular, the direct demand effect of a RPR mayvddrom ‘mental
accounting’ on consumers’ behalf (Thaler, 1985) or frons lagersion if the retail
price exceeds the RPR (Puppe and Rosenkranz, 2006). Inetttisrs we bring
these two approaches together.

Suppose that consumer demand is of the fbxp, ), that is, demand is imme-
diately affected by the RPR. Facing this type of consumer demand, joint-surplus
maximization now implies that, for argy the supply chain must choose the surplus-
maximizingcombinationof retail pricep and RPRp. For anyc, let p*(c), p*(c)

34This obviously requires that RPRs are observable to consume
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denote this surplus-maximizing combination. To fix ideas$,us assume that, for
any p andc, consumer demand is maximal if consumers are offered thd gbo
some discountr > 0 from therecommendegrice pj, so thatp*(c) = (1—a) - p*(c)
for anyc.

It is straightforward to see that, in this case, the suppgjirtican maximize its
total surplus with a simpleariationon the ERCP where parties take the following
actions on the equilibrium path: InsteadMfrecommending = p*(c) andR set-
ting p = p for anyc, M instead recommends= §*(c) andRsetsp= (1—a) - .

In other wordsM intentionally recommends a priedovethe intended final price
(‘moon pricing’), andR marks the final price down correspondingby.

In this type of relational agreement, RPRs take on a doubietion: They
extract the maximal willingness to pay from consumers whildhe same time
communicating the necessary information fréinto R for implementation of the
surplus-maximizing retail price. To relate this to our maimalysis above, recall
from our discussion in Section 3.6 that if consumer demanddspendenof the
RPR, communication of the optimal retail prip&(c) is only oneof many ways to
get the necessary information frolh to R (communicating any monotone trans-
formation of p*(c) will do as well). If, on the other hand, consumer demdoés
depend orwhatis communicated (i.e., on the RPR), then firms will pick thedeo
of communication which maximizes joint surplus.

Notice finally that, in this case, it is actually a part of th&oiicit agreement be-
tweenM andR for the latter tadeviatefrom the recommendation—nbut in a specific
way which is itself part of the implicit agreement.

4.1.2 RPRs with Varying Demand Conditions

As suggested above, a natural way to interpret ‘periodsuinmodel is in terms
of product cycles, where a new period represents the inttamtuof a new variety
(a new pharmaceutical drug, a new car model, etc.). Such avagety may be
associated with different consumer demand, as in the caseasffor a new market
segment or a drug with new treatment characteristics. Bovdibr this, we extend
our previous analysis to settings where not only the cosfaduction, but also
demand changes across periods.

Particularly, we assume that the demand function in anyoges given by
D(p, 8), where the demand parametis independently drawn (along witt) at
the beginning of each stage, and whéi2/d6 > 0. Supply-chain efficiency now

350bviously, this type of relational agreement can be implet@émore generally for any demand
functionD(p, p) such thatp*(c) can be expressed as a functiorpdic].
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requires the retail price to be tailored also to market dedriareach period, so
p=p*(c,6) =argmax,(p—c)-D(p,0).

4.1.2.1 Commonly Known Demand Conditions

The introduction of variability in demand does not change nevious analysis
significantly if 8 is observed by botM andR at the beginning of each stage game.
Given sufficient patience, supply-chain efficiency is agatainable—essentially
by conditioning the above relational agreementdomn addition. The only caveat
is that the variation in demand dilutes the clear-cut cormipas predictions derived
in Section 3.7 concerning the variation of margins at theufeturing vs. the retalil
level.

More specifically, supply-chain efficiency can be attaingé Isimple extension
to the ERCP which stipulates that, along the equilibriunhpé) M recommends
p = p*(c, 0) in every period and setg according to some scheduéc, 8), which
is again part of the implicit agreement, and (ii) tiasetsp = p in every period.
By straightforward extension of Proposition R's equilibrium profit i® must be
independent of for any given level 0B, and given sufficient patience, there always
exist off-equilibrium strategies to enforce the extend&CIP36

Consequently, supply-chain efficiency is attainable tgtotinis extended ERCP
(for & large enough) if and only if (iR's equilibrium profit is independent af(for
any 0), and (ii) each party’s expected profit from the relatioraittact exceeds it's
expected profit from the one-shot equilibrium.

While efficiency is thereby attainable, the variability ierdand significantly
relaxes our previous restrictions on how the wholesalee@itd, as a consequence,
markups must vary across periods. Essentially, wifilenust be independent of
it may vary arbitrarily in@. Thus, while efficiency implies thafl must bear the full
variability in joint surplus due to variations ity there is no similar restriction on
how the variation in joint surplus due to demand fluctuatiaresto be sharetf.-38

38Formally, the no-deviation constraints (1) and (2), capdiéd on@ and with expectations on
the right-hand side taken overand 8, must hold for eveng. In analogy to our above analysis, it
is easy to see that, so long ag®(6)] > E[T¥(c,8)] and B (c, 8)] > E["(c, 8)], the extended
ERCP can be supported by reversion to the stage-game eauiiilin case of deviation (where
7' (c, 6) denotes’s equilibrium profits in the stage game).

37Sincew(c, 8) = p*(c,8) — m(0)/D[p*(c, 8)] in straightforward extension to Corollary 1, and
sincei?(8) may vary arbitrarily in@ (the only restriction being a lower bound on its expectated
value),w(c, 6) may vary arbitrarily in6.

38As above, different extended ERCP will of course requiréediint critical discount factors. It
may therefore be possible to derive prediction onvikie 6) schedule under the additional assump-
tion that, for anyexpectedivision of surplus, parties pick the(c, 8) schedule so as to minimize
the criticald required (as in (Nocke and White, 2007)).
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4.1.2.2 Superior Demand Information on Manufacturer’s &@éh

If we interpret the periods in our models in terms of the idtrction of new prod-
ucts, then it is easy to imagine situations in which, at threetretail prices must be
determined, the manufacturer in fact has a much better idibe size of demand to
be expected: The car manufacturer is likely to have perfdrareextensive market
analysis before developing the new model, and the manu&otd pharmaceuti-
cals will know more about the (demand-relevant) properdfdss newly developed
drug than his retail outlets. Therefore, at the time theilestaets his price for the
good, the manufacturer enjoys superior information nog onlhis costs of produc-
tion, but also on projected demand. As we argue in this sectite RPR can then
serve to communicatieoththese aspects to the retailer, thereby extending the role
of RPRs as a communication device by a further dimen3ion.

To this end, assume again tlteind 6 are drawn anew at the beginning of each
period, but assume now thiabthare observed only bil. As we will argue in the
following, supply-chain efficiency (i.e., achieving a riétaice of p*(c, 8)) is again
attainable by means of a simple extension to the above ERCP.

To understand the mechanics, note that there is an impaliféerence between
the nature oM’s private information orc and his private information of: While
R does not knowd at the time he sets the price, given tlagdd /96 > 0, he can
perfectly infer it by the end of the period through his obs¢ion of actual demand.
Consequently, in terms of the categorization of possibleadiens in Section 3,
M deviating from the truthful (implicit) communication & constitutes a devia-
tion which is eventually observable 53, and therefore can again be disciplined
by adequate off-equilibrium strategies (i.e., the thrdaeaninating cooperation
upon deviation). Enforcement of truthful revelation®from M to R is therefore
analogous to the enforcementii$ adherence to the RPR.

What makes a formal analysis slightly more involved is a sdagay in which
M'’s private information or@ differs from his information om: In contrast to infor-
mation on production cost® has an immediate interest in information on demand
in the sense that his best response in the stage game depemdseliefs concern-
ing 6. ConsequenthR has an incentive to infer something abéutom M’s choice
of wandp. For this reason, even in the stage game, there may be soper{aat)
signaling fromM to R, so that characterizing the equilibrium of the one-shotgam
is more involved (and in contrast to our discussion in Sec3i®, the RPR may now

3%While the economics literature has traditionally focussadhe case in which it is theetailer
who enjoys superior information on demand, the role of peivaformation on behalf of thenan-
ufacturer—particularly when it comes to introducing new or improvezbds to the market—has
long been stressed in the management and marketing litei@fuChu, 1992; Desai and Srinivasan,
1995; Lariviere and Padmanabhan, 1997; Desai, 2000).
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play a role for communication even in the stage gaffie).

These technical challenges notwithstanding, for the meqmd arguing that an
efficient relational contract exists, it suffices to obsethet, whatever the precise
nature of signaling, the one-shot equilibrium will still reefficient from the point
of view of maximizing the supply chain’s surpl$.Thus, given that (i) the short-
run gains from deviating from the extended ERCP are boundddig given that
both parties incur strictly positive future losses if cogi®n terminates, the above
trigger strategies (reversion to stage-game equilibritrategies upon any observ-
able deviation) can stillimplement the ERCP. Moreoveria extended ERCP, the
RPR now has the more complex function of communicating mégion on botic
and®6.

4.2 Limitations

We now discuss some of the limitations of our approach, amwd they may be

alleviated. We begin with the requirement that parties afécgently patient to

make the relational contract self-enforcing. Next, we axpthat allowing for non-
linear (rather than linear) tariff schedules would leavelay result on disciplining
non-observable deviations unaffected and, if anythin{grge the scope for verti-
cal cooperation using relational contracts. Finally, wetsk the extent to which
our analysis of bilateral vertical relationships geneesdito settings with multiple
manufacturers and retailers.

4.2.1 The Role of ‘Sufficient Patience’

To assure the existence of off-equilibrium strategies wtgsapport the relational
contract, our analysis has assumed parties to be ‘suffigipatient’. Quite gen-
erally, we interpret this assumption as a useful polar caatrt to to the case of
parties being completely myopic (i.e., the non-repeatagesgame), where linear
transfer schedules necessarily lead to double marginializa

Note, however, that we have not just relied on this assumptigquarantee the
existence of a relational contract, but also to argue thatstirplus from such a

40Generally speaking, in the spirit of the usual analysis @faghtalk games (cf. Crawford and
Sobel, 1982), whether and how much signaling occurs in ggesgjame equilibrium will depend on
how stronglyM andR’s interests diverge, which in turn depends on the spedificatf how demand
depends o1f.

“IFormally, it is easy to see that in any perfectly separatipgjlorium of the stage game (i.e.,
whenevelR can perfectly infec and8), M would have an incentive to deviate so as to strategically
lowerR's price. Hence, there cannot be perfect separation inibguin, implying that the outcome
cannot be efficient.
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contract may be arbitrarily split (which in turn justifiesetfocus on efficient con-
tracts). As argued in Section 3.4, the assumption of suffiggatience becomes
particularly crucial if parties’ bargaining power is vergyanmetric at the time the
terms of the relational contract are ‘negotiated’ (i.e.,ewltparties coordinate on
the relevantwv(c) schedule): More asymmetric splits of the surplus generaged
the relational contract require higher discount factoreer&fore, our assumption
that parties coordinate on a&fficientERCP becomes increasingly critical for more
asymmetric bargaining positions in the sense that digtdbwand efficiency may
no longer be separable. A straightforward way of dealindp\whis limitation is to
allow for one-time fixed transfers at the time the relatiooahtract is negotiated
(see Footnote 21).

Alternatively, and to address the issue of limited patiemcge generally, one
would need to explicitly characterize the set of feasiblpested average payoffs
for fixed .

4.2.2 Linear Transfer Schemes

We have deliberately focused on the usdiéar transfer schemes to govern trade
between manufacturer and retailer. This restriction corec&grade both on and off
the equilibrium path, that is, within the relational comtrand in the one-shot equi-
librium (which parties revert to if the relational contrdceaks down).

Our analysis easily extends to situations in which partiay nsenon-linear
contracts on the equilibrium path. Particularly, the probProposition 1 does not
rely on any specific functional form of the transfer scheneethat truthful reve-
lation of cost information requires independencdRsf profits far more generally.
The remaining observable deviations may then be disciplaseabove (where non-
linear transfers schemes may be used, however, to redutespdeviation profits,
thereby reducing the critical discount factor).

Allowing for non-linear transfer schemedf the equilibrium path, in contrast,
has more far-reaching consequences: Given the assumeshseqef moves in the
stage game, non-linear contracts will ensure supply-ce#iciency, but also en-
ableM to extract theentire surplus of the supply chaitf. Consequently, no ERCP
other than the infinite repetition of this stage-game euidim will be supportable.
That is, permitting non-linear transfer schemes off thaldaium path implies that
linear schemes can no longer be employed to achieve efficiaritbe context of a
relational contract. However, this seemingly threateningight simply highlights
another perhaps stronger assumption concerning the &tjrsdructure of the stage
game: By lettingVl propose a take-it-or-leave-it offer, he is implicitly givabsolute

42t is easily seen that this is also trueNif holds private information on production costs and/or
demand.
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bargaining power in negotiating the terms of exchange. bBsgmmetric bargain-
ing positions in the stage game will give both parties d¥ripbsitive profits in the
stage game equilibrium, and thereby restore the posgibilisustaining less trivial
ERCPs (with linear or non-linear transfer schenfes).

4.2.3 Bilateral Relationships

For simplicity, we have focused on bilateral vertical relaships. Yet, our analysis
generalizes naturally to a setting where a single manufadili sells througH re-
tailersR;,i = 1,...,1. It can be shown that, if retailers observe each other'spgc-
ommendationgy;; avoiding unobservable deviations by the manufactureuires
that thesumof Ry, ..., R’s equilibrium profits is independent of the manufacturer’s
marginal cost.**

Moreover, our analysis is easily extended to a setting werempeting man-
ufacturersMy, ..., Mk sell through distinct retailerRy, ..., Rk, facing asymmetric
information about competing supply chains. In analogy toakove analysis, sup-
ply chains may now use their RPRs to facilitate internaligaltcoordination so as
to become more effective competitors in the market for thed fanoduct.

The extension to the case wititerlocking relationshipgRey and Vergé, 2007)
between manufacturers and retailers is more complex. Tdhsgenote that the
pattern of information exchange is far from obvious if tworgmeting manufactur-
ersM;,i = 1,2, sell through two retailer®;, j = 1,2, carrying both products. It
is conceivable, for instance, that a vertical communicatrom M; to R; (e.g., a
private RPR) is passed on across supply chaiiyt@nd vice versa), creating man-
ifold options for strategic information exchange. Moregwe such a setting, there
are many conceivable coalitional constellations for cta (such as collusion be-
tween manufacturers, between retailers, or between ogytais of manufacturers
and retailers). Pursuing this line of research is beyondtiope of this paper, but
it might shed new light on the theory of information exchangeligopoly (Raith,
1996). Extending the analysis along these lines might adselevant from the per-
spective of antitrust policy. It would be interesting, fostance, to study whether
vertical information exchange across supply chains castgute for unlawful hori-
zontal information exchange about retail prices, allonsogply chains to establish
both vertical coordination and horizontal collusion.

43As such, even under the assumption of linear contracts, tdgegjame equilibrium payoffs
7™ (c) and7R(c) in our above analysis should more generally be reintergrasebeing dependent
on the assumed distribution of bargaining power.

44f retailers cannot observe each other’s price recomméntatand thus cannot detect dissonant
cost reports)M will recommend the surplus-maximizing retail prigggc) if and only if the sum of
Ry,...,R’s equilibrium profits is independent efichindividual cost report;”
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5 Conclusion

This paper has formalized the notion that non-binding RRfRg&esas a communica-
tion device facilitating coordination within vertical sply chains. Specifically, as-
suming (i) repeated trade, and (ii) private information eh&lf of the manufacturer,
we have shown that RPRs may be part of a relational contractzmicating pri-
vate information from manufacturer to retailer that is spBnsable for maximizing
joint surplus. This relational contract has three desg#tures: Itis simple (using
linear pricing schemes only), places minimal computatitmaden on the retailer
(who must simply follow the RPR), and it is flexible in termspbfit distribution
among manufacturer and retailer. The relational contrestlipts that wholesale
and retail margins are inversely related, which is incdesiswith standard (static)
theory, but broadly accepted in the advertising literatiée have demonstrated
that this relational vertical contract is self-enforcimgyided that players are suffi-
ciently patient.

This raises the question of why, in some industries, retad@pear to deviate
systematically from RPRs. An extended version of our amalybere RPRs com-
municate not only from manufacturer to retailer, but alsodosumers, suggests a
possible answer. The relational contract can still implettige surplus-maximizing
outcome, but RPRs now play a double role: In addition to compating private in-
formation to retailers, they extract the maximal willingseo pay from consumers.
As a result, actual retail prices may deviate systemagidedm RPRs along the
equilibrium path. In particular, manufacturers may datgbely recommend a price
above the intended retail price (‘moon pricing’).

Should non-binding RPRs be allowed or banned from an astifrerspective?
By our reasoning, RPRs serve as a communication device idmdftates the co-
ordination of manufacturer and retailer, thereby imprgwapply-chain efficiency.
Yet, vertical supply chains may also (perhaps imperfecthgrdinate in the absence
of RPRs, so that a ban on RPRs will deteriorate (rather thamredte) supply-chain
coordination. This makes it unclear how consumers will decad by a ban on
RPRs. Moreover, we have argued that the communication igsRRay also affect
consumers more directly, with potentially undesirableef. In particular, RPRs
may serve to exploit behavioral consumers and even faeiltallusion among com-
peting supply chains. Overall, it therefore seems fair yoteat the implications for
antitrust policy remain opaque. We hope to address thig issfuture research.
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Appendix A. Proofs

Proof of Lemma 1.To see that'p*/dc > 0, observe that for ang; p* maximizesrn(p,c) =
(p—c)D(p). Since%zcn: —2-D(p) > 0, the claim follows from elementary robust com-
parative statics.

To see thav p*/dc < 1, definem= p—c. The problem may then be reformulated as

choosingm so as to maximizen-D(m+c). Sincea"—m;:[m- D(m+c)] = %D(p) <0, the
claim is again implied by robust comparative statics.
Finally, by the envelope theoremrr* /dc = —D(p*) < 0. O

Proof of Proposition 1.Observe first thaM picking a(f,w) such that there exists roe”
[c,T] with =p*(€) andw = w(€) would constitute an observable deviation on his behalf.
Thus,M’s problem may be equivalently formulated as choosing alevst € € [c,T|] and
then announcing the equilibrium prices corresponding i®abst level. With slight abuse
of notation, lett™ (€&, ¢) = m(p*(€), c) — (&) denoteM’s profit for any suckcand any true
cost levelc. Given thatd p*/dc > 0, M will then recommendg*(c) if and only if

c € argmaxt” (€,c), (A1)

C

which implies the first-order condition

Since% m(p*(c),c) = 0 by definition ofp*(c), this establishes necessityfi?/dc = 0.
To establish sufficiency, note thaf® being independent af and the fact thap*(c)
maximizesr(-,c) implies

m™(c,c) = m{p*(c),c] - m¥(c) = mp(c), ¢ — m(€)
> m{p*(6),¢] - () = M (€.0)
(where the inequality is strict for arg/such thatp*(c) is unique). O

Proof of Lemma 2.In the context of the proof of Lemma M’s profits for any true cost
level ¢ and any implicitly reported cost level ¢an be written ast™ (&,c) = [w(€) — ¢] -
D[p*(€)]. Using this, the first-order condition for (A.1) can be revem as

Sl

w=—[w(c) |- £D[p(c)] - &' /Dlp(c)]

from which it follows that sgfdw/dc) = sgnw(c) — c), which implies the claim. O
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