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1. I ntroduction

Transactions through electronic payment networks (EPNs) in the U.S. exceeded $1.7
trillion in 2002 and are growing rapidly Several practices in this important industry have
attracted controversy and antitrust scrutin@ne such practice involves constraints on the ability
of merchants to set different prices depending on the means of payment employed, sdih as cr
or debit cards, cash or checks. We examine these constraints as instrumentsabtoattol,
assess their welfare effects, and show that their presence may explaimib@gien of rebates
and reward programs in payment markets.

Uniform price constraints were at various times imposed by law or by EPN rules tha
prohibited merchants from imposing surcharges (or adverse non-price termsjl foayaents,
even though merchants may face higher costs for card transactions due to EFEVéeeis the
absence of formal prohibitions, merchants are often reluctant to set diffeedrniees for
different means of paymehtWe refer to all these limits as the No-Surcharge ‘Rule’ (NSR). Our
analysis is relevant to assessing the desirability of laws or privatatiegsigoverning
surcharging; for example, prohibitions on surcharges are banned in the United Kingdom and in

Australia (Reserve Bank of Australia 2002). When such repeal of the NSR is not an option —

! Credit cards and offline debit cards accountedbfob trillion ($755 billion for Visa and $444 bibin for

Mastercard — both known as bank card associationse-ttee rest through proprietary networks such asigan
Express and Discover) and $203 billion was viarantiebit cardNilson ReportMarch & April 2003, issues 784
& 785; ATM Debit News EFT Data Book 2003. For aitldescription of the card industry see Hunt (2003)

2 For example, there is debate over whether the gaitiing of certain network fees by EPN-member bank

(as in bank card associations and regional netwislanti-competitive (Salop 1990; Carleton andnked 1995,
1995a; Evans and Schmalensee 1995, 1999). Alsamenon EPN requirement is that merchants must aedlept
an EPN'’s cards (e.g. debit and credit cards) if thish to accept any. This requirement was thgetanf a major
lawsuit by Walmart and other retailers against Miastrd and Visa, alleging anti-competitive tyingsa/and
Mastercard recently settled this suit, agreeinglax the requirement and pay plaintiffs over 38dui.

3 Surcharges on credit card transactions were piteldiliiy federal statutes from 1968 to 1985 and nemai

prohibited by some states (e.g., Florida). Fortait®l history of the U.S. legislative and reguigtoeatment of
surcharges, see Chakravorti and Shah (2001). I &g Visa long had its own no-surcharge rule Wiicelaxed
recently. Mastercard currently prohibits its mergisgrom “surcharging” customers for credit pur@gghough it
allows cash “discounts” (www.mastercard.com/consitust_serv.html). In some European countries, card
associations prohibit both discounts and surchar¢fRechet and Tirole 2002.)

4 According to one retailer survey, fewer than 1%nefrchants offer cash discounts. Chain Store Agarth

Annual Survey of Retail Credit Trendsinuary 1994, section 2.



because merchants’ reluctance to surcharge derives from other chaies@histe trading
environment — our analysis helps understand, for example, the welfare effects of’an EPN
granting of rebates to card users. Finally, the analysis is a necessaoystie}s tevaluating card
tying policies (see fn. 2 above), since such tying would have no force if merchant swcharge
were unrestricted.

Any payment network intermediates between consumers and mercharsopmietary
(or ‘closed’) network such as American Express, the same entity deals withf{satitedees to,
merchants and card users. Inagsociatiorsuch as Visa (or ‘open network’ since membership is
open to multiple banks), a typical transaction involves two different banks: the cardholder’
(‘issuer’) and the merchant’s (‘acquirer’). The issuer sets the feesctardtisolders (e.g., a per
transaction fee or, more often, a rebate) and the acquirer sets the fee tohnitsdthe
‘merchant discount’ — the transaction amount minus what the merchant receives from the
acquirer). The association setsiaterchange fe@aid by the acquirer to the issuer, which of
course affects their respective charges to merchants and cardholders. Eonoalie analysis
of the interchange fee was pioneered by Baxter (1983), who showed that the sociallyfeptima
must reflect the net benefits from card use on both sides of the transaction. Howesgteris B
analysis the association is indifferent between any levels of the intercleendetause issuers
and acquirers are assumed perfectly competitive.

Analyses of the interchange fee under imperfect competition among associatibenne
came considerably later. Schmalensee (2002) studies how the fee affecttnmeffats (and
pricing) by issuers and acquirers. Closer to our focus are Rochet and Tirole (2002), who also
provide a review of recent literature. In their model, consumers have unit demands for
transactions but heterogeneous private values of paying with cards versus the ottsidenhs
‘cash’. Duopolist merchants are spatially differentiated and, given the imegelfee, choose
simultaneously whether to accept cards and, then, set prices. Acquiring banks aeglassum
perfectly competitive, while issuers are imperfectly competitigsuers’ fee to cardholders is
represented by a reduced form, decreasing function of the interchange fee, since a highe

interchange fee lowers issuers’ net marginal cost of issuing cards. Hanescan freely

> At least in the U.S., competition is viewed assgier on the acquiring side. Rochet and Tirole (2@02

552) state that acquiring is “widely viewed as hyglompetitive,” citing Evans and Schmalensee (39@ile
issuing “is generally regarded as exhibiting mapgauer.”



surcharge for card transactions, the level of the interchange fee is irrélexantal”) and card
diffusion among consumers is socially too low, because of the imperfect competiting am
issuers. With a no surcharge rule, there exists an equilibrium in which both mercicapts a
cards, the net price falls to card and rises to cash users, and card diffusion reitines teo low
(if so, the NSR raises overall welfare) or becomes excessive (if soreveléy rise or fall).

Rochet and Tirole — and all other literature to our knowledge — focus on consumers’
choice between cards and cash but hold the total quantity of transactiorfs Tikedgh a
sensible first approximation, this is obviously an abstraction. Our analysis isectoantéry, by
considering elastic demand for transactions.

To focus on this dimension, we make two simplifications. First, we treat payment mode
as exogenous: one group of consumers (of mass one) use only cards, while otherso{gf mass
use only cashTransactions demand per capita is the same for members of each group and is
elastic. Thus, while the number of card users is exogenous in our model, the per capitagjuantit
of card and cash transactions are determined endogenously. The assumption that somesconsume
must use cash can be justified partly on grounds that a sizeable portion of the population are
ineligible for card$. Moreover, as shown by Rochet and Tirole (2002, Proposition 6), the key
property that the NSR allows an EPN to tax cash users continues to hold when thergestimpe
substitution between cash and caf@sr assumption that cardholders cannot use cash is strong
but we invoke it for two reasons. The assumption introduces consumer benefits from cards in a
simple (albeit extreme) way. More importantly, it captures the opposite psl@rta the one
assumed in existing literature. There, a merchant who refuses cards onlydosastions to

another merchant who accepts cards (Rochet and Tirole, 2002) or converts all custonmags to us

6 In Rochet and Tirole, this follows because of tesuanptions of unit demands and that the markéwisya

covered in the Hotelling competition between mentha

! We use ‘card’ to denote any electronic paymentumsént, and ‘cash’ to denote the alternative me@ns

payment. Also, we sometimes will refer to the ERNIe card company. We abstract from the creditobsome
electronic payments instruments and focus soleligsopayment function. Chakravorti and Emmons (Qf¥gésent a
model where some consumers use cards for bothidasawhile others use them only as a payment imgtnt, and
investigate the presence of cross-subsidies umdBISR from the former to the latter.

8 About 24% of U.S. families do not hold cards of &md (Federal Reserve Board, 2001, p. 25).
Presumably a large fraction of these families cagebcards. Evans and Schmalensee (1999) charaaten-card
holders as being “on the economic fringes of sgtigt. 87), with a median household income 50% ‘Wetlre
overall average, and more than 40% of them witbrimes below the government's estimated poverty line.



cash (Wright, 2003). In practice, a merchant refusing cards can lose some tvaasattirely,

most obviously because some cardholders are liquidity constrained or perhaps would only buy
certain items with cards due to other bundled properties of the card such as the supater dis
resolution protection. Reality is likely to lie between the two polar cases.

Our second simplifying assumption is that merchants are local monopolists, so we do not
explore an important aspect studied by Rochet and Tirole, the interdependence between
merchants’ decisions to accept or reject cards. In their model, imperfetiamiecompetition is
the sole reason why under the NSR card use relative to cash use can be exceserbaiiiisne
gain from accepting cards comes partly by diverting sales from the other nigrohaur
model, the NSR has a different welfare-reducing aspect: it lowers perttapgactions by cash
users due to elastic demands. The different environments lead to some interdstiegees.

For example, with the NSR, card use relative to cash can remain too low in Rochebénd Tir
but is always excessive in our model. Also, if rebates to card users are nogfeéhsibin our
model the NSR can harm even card users.

Our analysis and results contrast more sharply with those of Wright (2003), who finds
that when merchants are local monopolists (as in our mbde®,NSR lowers price to card
users and leaves price to cash usehangedThe absence of a subsidy from cash to card users
hinges on his assumption of unit demand by cash users and is responsible for the strong
prediction that the NSR unambiguously increases welfakore typically, when per capita
demand varies continuously as in our model, the effects of an NSR is to induce merchants (in
part) to raise their price to cash users. Holding other fees constant, thisneffeets a cross-
subsidy from cash to cards. We illustrate that this cross-subsidization playpatent role in
explaining the prevalence of commonly observed negative charges (that is, rebeaed)users.

Regarding the association members, we follow Rochet and Tirole and others in assuming

that acquirers are perfectly competitive, and we consider two polar casesnggssuers.

° Wright also considers homogeneous-products Bertcantpetition among merchants. As expected, cross-

subsidy from cash to cards is not possible theéhegithis time because merchants will speciatizaccepting cash
or cards.

10 In Wright's model, consumers vary in their benefiitsn cards but have identical maximal valuié using

cash. With a local monopolist merchant able tolsange for cards, price to cash useng isnd higher to card users.
Under no surcharging andsufficiently large, the merchant sets a uniformeg@ofv, because any higher price means
losing the high margin oall cash transactions.



Section 6 analyzes almost perfect competition — homogeneous Bertrand issuerseathgrin
discrete units. Our main model, however, is one of perfectly collusive issuers; vigttlge
competitive acquirers, this is equivalent to a monopolist proprietary EPN thégests the
merchant and to cardholders. Given a monopolist merchant, this environment yields double
marginalization if the merchant can surcharge card transactions. Hence, bhexpgrt an

NSR to increase total consumer surplus and overall welfare, as in optimarigeatRamsey
pricing) where inefficiency is reduced by using a broader tax base to reduce ridue t&he
(imperfect) analogy is that, holding constant the EPN'’s fees, an NSR leadsthamh¢o set an
intermediateuniform price for all transactions instead of a higher card price and lower cash price,
which reduces misallocation in the mix of transactions. We show, however, that the/ @malog
flawed. Since the EPN is unregulated, allowing it to tax also non-card sales M8Rhieads the
EPN to raise its merchant charge. If EPN rebates to cardholders are riadé felasihigher fee to
the merchant can cause the price paidédg users also to ris@.If cardholder rebates are
feasible, the NSR can induce excessive use of cards relative to cash — rekersm§ER bias.
We show how the welfare tradeoffs depend on two parameters: the size of the cagjnaugers
relative to card users, our parameteand the merchant’s additional benefit from handling a
card rather than a cash transaction, captured by a pardmeter

Our analysis also highlights why the NSR differs from a well-known instrument of
vertical control — maximum resale price maintenance (RPM) — that also eaahipplier to
reduce the margin charged on its product by an imperfectly competitive downstragfirfole,
1988). Maximum RPM only reduces the price of the targeted product, while the NSR squeezes
the merchant’'s margin indirectly, by requiring that the same price be chardkd tiher
product (here, cash transactions), thereby causing that price to rise.

Finally, the analysis brings out sharply how the NSR, by constraining merchant pricing
breaks the EPN’s indifference between charging to merchants or to cardholdergeras s
authors have noted (and we show as well), if merchants can surcharge for carddremshet
division of the EPN’s charges is neutral — only the total charge matters. WitlSthehdwever,

the EPN prefers to load its charges on merchants, in the case of a card assocthizogiby a

1 In contrast, standard comparisons of uniform pgais. third-degree price discrimination by a morigbo

(our merchant) find, under regularity conditionatthre met here, that requiring a uniform priceseaLat least some
price(s) to fall (Nahata et al., 1990; Malueg, 1992



high interchange fee. Indeed, the EPN then prefegstivefees to card users — rebates. Such
rebates are often viewed as reflecting the inability of an association to pitevssiiing banks
from competing for card users and dissipating rents generated by high fees tanteef@tba
analysis reveals a different possibility: rebates allow an EPN to bepieitea no-surcharging
constraint on merchant pricing. Consistent with this interpretation, rebates havaffieeed also
by proprietary networks, such as Discover, where a single entity sets afllfeesr model, the
EPN grants rebates to card users so as to boost their demand and raises itsridmtasme
knowing that they will absorb part of the increase, because under the NSR any praseincre
must apply equally to cash users.

This paper is organized as follows. Section 2 presents the model and shows that when the
merchant can set different cash and card prices, the division of the EPN’s fessnbedwd users
and merchants (hence also the interchange fee) is neutral. Section 3 shows thatM&R tthe
EPN strictly prefers to shift its charge away from card users. Sectiond&saddithe case where
rebates to card users are not feasible. If the cash group is relatively BenBIER harms even
card users. With a larger cash group, card users gain but aggregate consumes siilplager
than under no NSR. Total surplus, however, is higher if and only if the cash group is sufficiently
large.

Section 5 allows for rebates. With the NSR, the EPN always grants rebates;dand ca
users gain but cash users lose compared to no NSR. Aggregate consumer surplus (of cash pl
card users) rises only if the cash group is sufficiesttiall whereas total surplus rises only if the
cash market is sufficientkarge. A larger merchant benefit from using cards instead of cash
improves the effects of the NSR on both total surplus and overall consumer surplus when card
user rebates are feasible — but the reverse occurs when rebates are nat feasible

Section 6 considers the case of Bertrand rather than collusive issuers. An NBRilhgai
induce rebates, benefiting card users but harming cash users. Overall consumerisesplus
regardless of the relative sizes of the two groups. However, provided the merchaefitsfimen

card use is not too large, overall welfare falls with the NSR. Section 7 concludes.

12 An alternative, but not inconsistent, explanationdiscover’s behavior is that it was more eageattmact

cardholders than merchants.



2. The Model and Pricing With Surcharging

ConsumersWe consider two types of consumers. Tgmpensumers (‘card users’) hold
cards from the EPN. They buy units of a good only by using cards; their "la3y/pec
consumers buy units of a good using only an outside means of payment, call it cash. We assume
that they do not have cards; their masg.isConsumers are otherwise identical and have

guasilinear preferences from purchases of goods given by

U(pe: &)=V(do)-P; G
U(Per 0)=V(de)-Pe G V (#)>0, V "(*)<0.

Throughoutg; is theper capitanumber of transactions of a consumer of fyp&, e, andp, is

the net price per unit of transaction paid by such a consumer. The net price paid by cash users
equals the price charged by the merchant but the two prices may differ for cargrspr¥+t,
wherep,” denotes the price charged by the merchant to a card-using consumes émel per

unit charge (or rebate tf< 0) imposed by the EPN on card users. For each type of consumer, the
(downward sloping) inverse demand function is givevfg) = p;.

Merchants:We assume that merchants are local monopolists who treat the above inverse
demand curve as the demand for their product from each type of consumer. The marginal cost of
providing a good to a cash consumer is assumed constant and is normalized to zero. The
merchant may also gain a bendifit0Q, from being paid by card instead of cash, reflecting
potential savings on cash-handling costs. The sibaaffects the degree of distortion due to
double marginalization under surcharging. The merchant is charged a per-uby fee EPN

The merchant’s profit igp, g, from cash users ard" . - (i-b)qg, from card users, where
quantities are given by, =V (q.) andp,* =V (q.) - t. For givervalues ofi andt, the

merchant’s problem can therefore be formulated as choosing a levia sblve
max, (V (X)-(i+t-b))x.

Observe thait=t=b=0 yields the merchant’s problem vis-a-vis the cash market. Written this way,
the termi+t can be interpreted as ttwal taximposed on the card market by the EPN and the
termi+t-b as the merchantiset marginal cosin the card market. Thus, the merchant’s optimal
guantity in the card market is only a function of the teteb and not of the composition of the

charges. For give(i,t), we denote the value of the merchant’s optimization probled@it;b).



The merchant’s alternative to accepting cards is to serve the cash markeyialdimg a profit-
maximizing per-capita level of transactiogsand total profite X,V (%,). The merchant must be

assured at least this amount in any equilibrium, that is, fo( any
IMGitb) > axV (%) (IR)

We refer to this as the ‘individual rationality’ or IR constraint.

Electronic Payment NetworkOur model considers a profit-maximizing agent, the EPN,
setting the charge to a merchant and, for most of the paper, also to card users. This Mmastel i
obviously interpreted as one of a proprietary card network. It also characteribetidveor of a
card association under two conditions: (a) acquiring banks are identical and cometdiie)
issuing banks are identical and collude in pricing to card users. Condition (a) imglies tha
variations in the interchange fee are fully passed through to the merchant discount, and the
merchant discount is effectively set by the EPN’s issuing banks through their choice
interchange fee. Condition (b) implies that card user charges are chosen tozeaxienall
profits of issuing bank¥. We, therefore, suppress the distinction between the interchange fee
and merchant discount, and simply view the EPN as setting the charge to merchants,
monopolistically. The timing of price setting is in a Stackelberg mannerstitaei EPN sets
andi and commits to this profile of prices and, giteandi, the merchant sets her monopoly
price. The EPN’s marginal cost of servicing a card transaction is assumeceto.be z

We assume that two-part tariffs are not available either to the EPN or toritteante
What is important for our analysis is that the sequential monopoly environment betweardthe
company and the merchant lead to some inefficient pricing at both the merchant and EPN
levels!* For simplicity, we assume that only linear pricing is feasible for each.agent

The first-order conditions from the merchant’s problem yields a derived inversedlema

13 However, in Section 6 we analyze the other polaead competition among issuer banks — card ussr fe

are then set in a Bertrand fashion.

14 There are a variety of reasons why fully efficiamb-part tariffs (or other nonlinear pricing) magtrbe

achievable for the EPN to eliminate such doublegmnatization. A typical EPN has relationships watlvast
number of merchants, and contracting costs coukemaerchant-specific, two-part tariffs prohibitiyedxpensive.
Furthermore, merchants aggregated together ingéesimarket place, such as a mall, may be abled@awost of
the impact of a fixed fee by channeling all cardchases to a single merchant. Additionally, in¢batext of
asymmetric information, for example with heterogamemerchants, the optimal two-part tariff gengrgiklds
some surplus to the high demand merchant and gratitevels above marginal cost.



curve for card transactions defined, implicitly, by

i+t=V (X)+xV (x)+b 1)
Therefore, the EPN maximiz@s-t) x or

IT5(b)= max (V(X)+xV "(x)+b) x 2)

Sincex is a function of+t but noti ort separately, the card company vaxdsy varying the sum

of chargesi+t. This leads immediately to the following well-known neutrality reSult.

Proposition 1: Suppose merchant surcharging for card transactions is allowed. Then
equilibrium card transactions, merchant profit and EPN profit all depend only on the EPN'’s
total fee, i+t, and not on i and t individually. That is, if (i,t) maximizes the profits of the EPN,

then so too does any pair;{i) where t+i =t+i.

Since the sumi;+t, can be viewed as a transactions tax, Proposition 1 echoes the familiar result
that the effects of a tax are invariant to whether the obligation to pay the tagasd pin buyers
or on sellers. However, the next section shows that, in the presence of an NSR, EPMWiprofits
vary for a giveni+t depending on the relative values aindt.

Many of our results will hold under fairly general conditions on consumer devgmad,
The proofs and intuition, however, are more concisely conveyed under the simpler case of linea

demand. Thus, the remainder of the paper restricts attention to this case:

Al) Consumer per capita inverse demand i&)£1-x and the merchant’s benefit from card

use satisfies b<1.

The assumption of linear demand enables closed form solutions for most of the releahtgs/ari
in the analysis, and ensures the following properties hold — it is these propertiethaathe

linear demand per se that our qualitative results rely on:

P1) The merchant’s revenue is strictly concave in quantity and price and any incrdese in t
merchant’s marginal cost in serving cards is not fully passed through to consumers whe

surcharging is possible.

5 This result was noted in Carleton and Frankel (J98%eneralization of the result and an explamatb

the intuition underlying it can be found in Gansl &ing (2003).



P2) The EPN’s revenue function(k V' (x)+V (X)) is strictly concave in quantity.

P3) With merchant surcharging of card transactions, the EPN sets a totat¥be,hence per

capita tranactions are lower for card users than for cash gsers;.

In P3), the EPN’s optimal charge to a monopolist merchartig1+b)/2 > b given
b<1. Thus, the merchant’s net marginal cost is positive for serving card users, but zaxshfor
users. Standard revealed preference arguments (e.g. Tirole, 1988, pp. 66-67) imply that as
marginal cost rises, merchant quantity falls, hence per capita card ti@msace lower than
cash transactions. The restrictionl is weak — the merchant’s added benefit from card use
(e.g. saving on cash handling cost) is less than the consumers’ maximal wiltomgagdor the

good itself.

3. Under a No Surcharge Rulethe EPN PrefersLower Card User Charges

Suppose the EPN requires any merchant that accepts its card to charge no more to card
users than to cash usepg; < p..'° In this section we demonstrate that such a pricing constraint
binds on the merchant whenever the EPN’s fee to card users is low enough. We also show that in
contrast to the neutrality result when merchant surcharging is allowed, with agoM@R the
EPN prefers to offer a high merchant fee and a low card user fee.

Proposition 1 showed that, with surcharging allowed, EPN profits are constant for any
giveni+t. Nevertheless, a merchant’'s cash and card prices will vary depending on how the EPN
divides its aggregate ‘tax’ between the merchant and card usd?8) Biie EPN'’s optimal
aggregate fee with no NSR will satisft > b, so the merchant faces a higher net marginal cost
of serving card users than cash users; thais; @ a card user’s inverse demand is equal to that
of a cash user, hence the merchant’s higher marginal cost dictates settimgr phog to card
users | > p.). Proposition 2i) below shows that the merchant also prefers to charge a higher

price to card users if, instead, the EPN’s fee to cardholders is positive but below some

16 Of course, a merchant may refuse and forgo candaiions. To understand the direction of EPN

incentives under the NSR, in this section we exarttie structure of EPN pricing assuming the merthar
constraint does not bind. In later sections we @skithis constraint explicitly.

10



threshold:” We can assume the profile of charges satisfies this condition pre-NSR since, by
Proposition 1, only the sum of charges matter. Proposition 2ii) shows that if the NSBp&edc
the EPN would benefit. Proposition 2iii) shows that, under an NSR, the EPN has the incentive to

continue raising the charge to the merchant and lowering the charge to card users.

Proposition 2: Fix i+t at the levek>b and defing*(k) =V (x(k-b))-V(x,) >0. For any (i,t),with

i+t =k, t < t*(k):

i) When merchant surcharges are allowed, p p. implying that with this profile of fees the
imposition of an NSR constrains merchant pricing;

i) If an NSR is accepted, holding (i,t) fixed, then cash purchases fall but card purchases, and
thus EPN profits, rise;

iii) Provided the merchant continues to accept the NSR, a cut in the card user fee t and an equal

rise in merchant fee i increases per capita card transactions and EPN profits.

The intuition for Proposition 2ii) is straightforward. With a binding NSR, the merchant
will choose a uniform price between its pre-NSR card and cash prices: stammg @iniform
price equal t@,", a small move towards. imposes a zero first-order loss in the card market
while moving closer to the optimal cash price, and similarly starting frfrand moving
towards p,. Proposition 2ii) establishes titae EPN gains if a binding NSR is accepted: EPN
profits rise at the pre-NSR charde$) and any departure from these price post-NSR, by revealed
preference, would further benefit the EPN.

The intuition behind Proposition 2iii) is as follows. A cut iand an offsetting increase in
i would leave the EPN’s margin unchanged, and hence profit unchanged, only if card transactions
remained unchanged. This in turn would only happen if the merchant raised her price to card
users by the full increase insince card users’ inverse demand shifts up by an amount equal to

the fall int (equivalently, to the increaseiin But since the NSR forces the merchant to charge

o An implication of this observation is that, withaav cardholder fee (which Proposition 2 shows isiibel

by the EPN), we can formulate the no-surchargemathematically as the inequality constrapgt, < p, even fif,
formally, the constraint is a ‘No Discrimination Ry that is, a uniform pricing rule rather than@surcharge on
card use rule (which would be better captured byctmstraintp,” = p,). Although credit card companies, for
example, have historically imposed such rulesheir imerchant clients, an inequality constraint magcure other
reasons for merchant pricing constraints. Some Imagits argue that even without a formal no-surcheulge social
conventions make it very difficult for them to cardifferent prices for users of different meanpayments.
Proposition 2i) shows when the effects of the tanstraints are the same.

11



the same price to cash users as to card users, and since the marginal cost afastrvisgrs has
not changed, the merchant prefers to raise her uniform price by less than the fatlanarand
accept a lower margin on card safes.

Proposition 2 shows that with the NSR, it becomes relevani+tois distributed: the
EPN prefers a lower card user charge (provided the merchant still accepttpsRe card users
-- negative -- are often taken as evidence of the inability of a bank card association to control
competition for card users by its member banks. Proposition 2iii) offers an alternati
interpretation: rebates can be a pricing tactic designed to better exploit thegidine NSR?

Given the incentives for an EPN to raissnd reduce, what determines the floor ¢®
One limit may be institutional. For historical, practical or other reasonsesetmatard users may
not be an optioA} Section 4 investigates the effects of the NSR when rebates are not possible. A
priori, the binding constraint may be the non-negativity tfe merchant’s option to reject the
NSR and serve only cash users, or Bbth.fact, as Proposition 3 illustrates, the non-negativity
constraint always binds. Section 5 allows for rebates, showing that the EPN mayttaereihs
either by the merchant’s IR constraint or by the need to ensure that the merchaot prike so

high thatcashusers are driven out (a type of incentive compatibility constraint).

18 This argument also implies that, under the NSRtdke price to card users falls by more with a uni

reduction int than ini. Letp denote the merchant’s price to card users, hdwgetbtal price ig+t. Under
surcharging, Proposition 1 implies that a unit iaun int or ini yields the same changepnt:

Ap+t) A= Ap+t)/d= Ppld, sol+pld=cpld. The NSR, however, dampens the merchant’s prgmgorese to a
change irt or ini (Jcp/d| and $p/A| fall), because the same price change must be alsolén the cash market.

Thus, cutting yields a smaller reduction in the price to cardraisinder the NSR than under surchargifidd is
smaller), while cutting yields a larger reduction under the NSR/{ is negative but smaller in absolute value, so
1+cpiat is positive and larger): card users receive thtdaectly, and (by1)) the merchant responds by increasing
p by less than with no NSR.

19 Gerstner and Hess (1991) obtain a similar effeet somewhat different context. They consider a

monopolist manufacturer selling to a monopolisaitet that faces two customer groups, low demanaledshigh
demanders, where high demanders incur a highesaction cost of using a rebate/coupon. In our mddelNSR
plays roughly the same role as their differentiahsaction costs in motivating rebates.

20 The phenomenon of card user rebates is relatieglgnt. While credit cards date to the late 196@g/ea

1970s, money-back rebates were first offered, lsg®ier, in 1986. Rebate cards only became comnaovgVer, in
the early 1990s with the introduction of the GM Kéasard and other cards that offer reward poirdecated with
co-branding partner companies (such as frequemtsfiiles). See generally, Evans and Schmalens@9)1By the
late 1990s, roughly half of all credit volume weaissociated with rebates of various sorts. FaulandrGray (2000).

2 In (i,t) space, under the NSR the merchant’s level setsdlape strictly less tharl. Therefore, for any

givenk, the linet=k-i eventually crosses the line given BY*i,t;b)= @ %,V ( %;). Thus, if the EPN holdst fixed
and lowerd, it eventually runs against the merchant IR coirdtra
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4, Equilibrium Under No Rebates

Leti, be the EPN's optimal charge givena 0 and (for the moment) ignoring the
merchant’s IR constraint. Whether or not the IR binds depends on the relative size shthe ca
market,a. If, at(0,i,), the IR does not bind, then, by Proposition 2, these prices are optimal for
the EPN. If the IR is violated at these prices, in Proposition 3 we provide sufficienti@osdi
under which setting= 0 is still optimal for the EPN.

With an NSR, cash users and card users pay the same merchamt piiregar demand
then implies that per capita cash consumptiap=%-p and per capita card consumption is

g.=1-p-t. For any giveri,t), the merchant then selects price to solve
IF¥7(i tb) = ma; a(p(1-p)+(p-i+b)(1-p-1),
yielding

. 1+a+i-b-t ) l+o-i+b+t )
Qt;b :79 St;b :75 ’t;b
p(it;b) 21+a) q.(.6b) 21+ q,(,t;b)

_l+a-i+b-1(1+2a)
2(1+o) 3)

The EPN’s profit maximization problem when an NSR is imposed can now be expressed as

P EPN: max, (i +t) q. (i,t;b)
st IMSR(itb) > ax V(%) (IR)
t>0 (No Rebates).

The objective function of the EPN is concavéijt) while the IR constraint is linear {int). Thus
the Kuhn-Tucker first order conditions are sufficiént.

Proposition 3 (Prices): Suppose card rebates are not feasible (). Under the NSR:

i) For any relative size of the cash markethe EPN’s optimal fee implies t = 0 (no card fees),
hence per capita card and cash transactions are equal.

i) There existar* such that the EPN choice of i is determined by the merchant’s IR constraint if
and only ifa > o*.

i) If &> a*, then i+t-b (=i-b) is independent of the merchant benefit b and falls reses.

iv) The interchange fee, i, is higher than the total charge under surcharging tariaficreases

in a for & < &, otherwise it decreases im

2 With the exception of 3iv) Proposition 3 can bewhdo hold for demand functions much more general

than linear demand.
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For Proposition 4ii)c), define the change in total surplus when rebates are not feasible

(4TS™) to be total surplus under the NSR without rebates minus total surplus under rid® NSR.

Proposition 4 (Quantities and Welfare): Suppose an NSR is imposed but card user rebates are
not feasible (- 0). Compared to the equilibrium with no NSR,
i) If the cash market is small enough that the merchant IR does notdbind*}, then:
a) Cash users’ transactions and consumer surplus are lower;
b) Card users’ transactions and consumer surplus are unchanged if b = 0 and lower if
b>0;
ii) If the merchant IR binds(> &*), then:
a) Cash users’ transactions and consumer surplus are lower;
b) Card users’ transactions and consumer surplus are higheisifsufficiently larger
than o*;
c) Aggregate quantity (§ & g.) and aggregate consumer surplus are lower foeadind
all b.

d) 4TSRrises ine and falls in b. For b=04TS""=0 at a value ofz abovea*.

Proposition 3i) shows that the EPN’s desire for lower card user fees and higheamherc
fees illustrated in Proposition 2 outweighs the merchant’s preference for theerpagern.

Even if the merchant’s IR constraint binds on the EPN before the EPN achieves itd tggim
pair, the EPN will choose to move down the merchant’s IR locus to set card user feesttueze
EPN chooses its unconstrained optimig0) if the merchant’s IR is not binding at this point,
otherwise it accepts a merchant fee lower th&ut maintaing=0. An implication is that if the
non-negativity constraint is relaxed (rebates are allowed, as in Section F)a¢HeiAN under the
NSR will sett negative.

Proposition 3ii) shows that the merchant IR constraint binds if and only if the cash market
is not too small. (Withh=0, the IR binds ifa > a* = 1/3.) Intuitively, the merchant’s profit from
serving only cash customers is proportional to the size of the cash market, thesefuedatier
increases, the EPN eventually must depart from its unconstrained optimal ¢bargestain

merchant participation.

z With the exception of 4ii)c) Proposition 4 can bewn to hold for demand functions much more general

than linear demand.
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IR Not Binding. One might have expected the NSR to raise card transactions by inducing
the merchant to choose a uniform price that lies between its card and cash prices under
surcharging. This indeed would occur if the EPN'’s fees remain fixéustead, the NSR leads
the EPN to adopt a merchant fgeo much higher than its total fee¢ under no NSR that card
transactions remain unchanged with the NSR=0 and fall ifb>0 (Proposition 4i))?*

Whenea < a*, the welfare consequences of the NSR are therefore stark. The NSR reduces
even card transactions (leaving them unchanged ob0if, thus harming card users. Since (per
capita) cash transactions exceed card transactions under surcharging butl aoetleepawith
the NSR, the NSR also reduces cash transactions. With all quantities fallihgutptus must
fall. The merchant’s profit also falls since the NSR both leads to a higher Ritattkarge and
constrains the merchant’s pricing to consumers. The NSR in this case therefdite belyehe
EPN at the expense of all other parties.

IR Binding. When the cash market is large enough that the merchant’s IR constraint
binds on the EPN'’s pricing, the NSR still reduces the merchant’s prdihce the merchant
now loses all its surplus from dealing with the EPN — and cash transactions. Howtheer, if
cash market is sufficiently large, card transactions are higher with tRegR8position 4ii)b)).

To see this, observe that with the NSR and no rebiat@sthe merchant’s profit can be
expressed as(1+a)Q*V (Q), whereQ is the equal per-capital level of cash and card

transactions. The IR constraint is therefdfie-2)Q*V (Q) = ax,V'(X,) or

24 Under cost and demand conditions satisfied heahilpiting third-degree price discrimination leads a

monopolist to charge d@ntermediateuniform price. Sufficient conditions are that magd cost be non-decreasing
and that demands in the various markets be indemenelach yielding a quasi-concave profit functidahata et al.

1990, Malueg 1992).
= The quantity effects and the rolem€an be understood as follows. Under surchargirgderived
inverse demand function facing the EPN(@ = b + (Vg + V'), whereV"q + V' is the merchant’s decreasing
marginal revenue function. With the NSR, the EPbe&a(q) =b +(1+a)(V'q + V') . Recall thak, is the
merchant’'s monopoly output for zero marginal ctis Cash-market output with surcharging), he N¢é€x )x,
+V'(x,) = 0. Thus,i™(q) cutsi(q) from above atj=x,, i=b: i™(q) =i(g) =b atq = x,, while i"(q) > i(q) atg < X,
andi™(g) < i(q) atg > x,. (Intuitively, i=b makes the merchant’s net marginal cost of canmb#eations zero—as
for cash—so the merchant would choose equal cardastdquantities, under surcharging hence the NSR
would have no effect. Card quantitigs x, correspond to the merchant facing higher margioat for card

than for cash sales, hence the EPN can attaincguattities at a higheérunder the NSR because the merchant’s
uniform price is then pulled down by the lower niaaj cost on cash sales; conversegly, x, requires cutting
belowb by more under the NSR than under surcharging.)efidibrium card quantity is where the EPN’s
marginal revenue obtained from the relevant inveieseand function™(q) ori(q), equals its marginal cost of
zero:MR =i(q) +i’(q)g = 0 under surcharging, adR" = i"(q) +i"’(q)g = Ounder the NSR. Observe that

MR =(1+ @)MR — ab. Thus, forb = 0, the card quantity is the same with surcharginthe™NSR. Fob > 0,

MR = 0impliesMR" < 0, so the EPN'’s optimal card quantity is lower unier NSR. (Note that this will be

true also if the EPN’s marginal cost were positiué not too large.)
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- QV1Q) = (d(1+2)xV (%). (4)

As the size of the cash market,increases, to satisfy (4) the EPN must induce an incregye in
(since concavity of the merchant’s revenue function in quantity implies merchamigprofi
increasing iM,), which requires cutting the merchant feAs a — «, (d/(1+a))%,V'(X) —

XV’ (%o), S0Q must approack,, the merchant’s cash market quantity under surcharging. The
NSR therefore lowers cash transactions (s@@cex, except in the limit), but for sufficiently
high a it raises card transactions (since these are lesxjhader surcharging, 3)).

Total quantity is lower under the NSR (Proposition 4ii)c) ). Given equal per-cayata li
demands by card and cash users, imposing the NSR would leave total quantity unchanged only if
the EPN'’s total charge remained unchanged, but in fact the EPN raises itsaagal ¢
(Proposition 3iv) to exploit the decreased elasticity of demand that it faceshieamerchant, so

total quantity falls. Overall consumer surplus, therefore, also must fall bemfairgefollowing

property:

Lemma 1: Consider any pair of pric€p,, p.) to cash users and card users (wiperacludes
any EPN charg# that yield a fixed total quantity of transactions, + g, = k. Then overall

consumer surplus of cash and card users increases with the dispersion in per cagigsquanti

|qc - qel

Intuitively, identical linear demands for cash and card users imply that (ajtaiatity is
constant only if the weighted average prge + p, is constant, and (b) dispersion in per capita
quantitieqq, - g is linear in|p. - p.|. Overall consumer surplugS(R) + S(p), is proportional to
the consumer surplus of an individual who fagesith probabilitya/(1+a) andp, with
probability1/(1+a). Given that an individual’'s consumer surp&(p)is convex in price, any
mean-preserving spread of the prices increases the expected surplus. Sinde With kNS
rebateseduceshe spread in per capita quantities (to zero) as well as total quantity, overall
consumer surplus must fall.

Total surplus, however, can be higher with the NSR if the cash market is large enough.
The efficiency gain comes because the lower total quantity of transactidiosasesl more
efficiently between cash and card users. To see this, cobsi@rin which case the welfare

maximizing allocation requires equal per capita card and cash quantities. Thechi®es this,
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while surcharging does not. If the cash market is sufficiently larger thanvtienieere the
merchant’s IR binds on the EPN (lo= O, if «> 1.53 > a* = 1/3), then the benefit from
improved allocation outweighs the harm from the reduction in total quantity so the N8R rai
total surplus. Intuitively, a large cash market allows the NSR to curb the doubieatiaagon
that curtails card transactions under surcharging while introducing only a sstaitidn in the
per capitaquantity of cash transactions.

Finally, consider the role df, the merchant’s gross benefit from card rather than cash
transactions. With surcharging, the distortion from double marginalization on aasddtians
increases witlp (the gap between the efficient and actual card quantit@g4+$)/4). Since in
our model double marginalization is what motivates the NSR, one might expect the N8R t
a more favorable effect on total surplus the largér Is fact, the NSR’s advantage over
surcharging in raising card transactionsrigallerthe larger id; hence for total surplus, the best
case for the NSR occurs whierr 0. Section 5 shows (and explains why) this conclusion is

reversed when rebates to card holders are feasible; #fiié3és increasingin b.

5. Equilibrium When Rebates Are Feasible

Proposition 3i) shows that when the card user fee must be non-negative, the EPN cuts this
fee to0. Thus, this is no longer the equilibrium when rebates are feas#I@) (

One obvious constraint on the EPN’s equilibrium charges remains the merchanss IR, it
option to reject the EPN and forgo card users as discussed earlier. In additionyiaésgs e
constraint emerges when rebates are feasible: the merchant’s wilingreesmtinue servingash
customers. With large enough card user rebates and a sufficiently small clst) tha
monopoly price appropriate for card users alone will exceed the choke price of cashngsers
the merchant under the NSR will choose this price instead of cutting price enough ts®erve
cash user& Such an outcome, however, clearly is not optimal for the EPN: since the merchant’s
price to card users is then unaffected by cash users, the NSR loses its valusug&tises not
arise witht>0 — (per capita) inverse demand of cash users is then lower than that of card users,
S0 any price that yields cash sales also yields card sales — but must be tackledbantegr

Propositions 5 and 6 compare the equilibrium under the NSR with rebates to that under

% A monopolist that faces two markets but is prokithifrom 3’-degree price discrimination will drop the low

market if the dispersion in the demands is suffittielarge (Tirole 1988, p.139).
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no NSR. Proposition 7 summarizes the incremental effect of rebates by compa&qgilibeia

under the NSR with and without rebates.

Proposition 5 (Prices): Under an NSR with rebates feasible:

i) For all &, the EPN’s optimal choice involves granting rebates (t<0);

i) For low « (<.22 if b=0), the requirement that (i,t) induce the merchant to continue to sell to
cash customers is a binding constraint on the EPN; for high enaghove approximately.18

if b=0) the IR constraint binds.

i) When the IR binds, the sum of card user and merchant charges, i+t, is the same as the EPN'’s

optimal choice under surcharging ((1+b)/2). &sncreases, i falls and t rises.

Proposition 5i) follows from Proposition 3i) for the case where rebates were nbtdeas
Figure 1 illustrates the case where the merchant’s IR constraint does notipititeaEPN’s
optimal merchant fee conditional 6¥0. Recall from Proposition 2 that, for fixett, the EPN
wishes to lower in the absence of other constraints. Thus, a movement down and to the right
along the lina+t =i, (i.e., a cut it and an equal increaseijraises EPN profit. Expression (4)
yields the IR constraint. Given linear demand, this constraint is linear with sémpesthanl.

Point B in Figure 1 represents the intersection of theitingvith this manifold. The EPN'’s

solution is, then, to move down and to the right fi(@$®) to B along the line+t =i, then down

the IR line until it reaches an EPN indifference curve that is tangent to the iR Qpim Figure

1). This point represents a lower total EPN charge,and a lowet compared toi{, 0). If,

instead, the IR constraint bindsta® (IR cuts the horizontal axis &£ i), then with rebates the
EPN immediately moves down and to the right along the IR manifold to a point of tangency. In
both cases, therefonet is lower with rebates than in the NSR equilibrium under no rebates.

Turning to Proposition 5ii), if the cash market is sufficiently small then the flobrson
not the merchant’s IR constraint but the need to induce the merchant to continue serving cash
users; consequently, even with rebates feasible, the EPN cannot always fatly tiet
merchant’s surplus.

When the cash market is large enough that EPN charges are determined by the IR
constraint, the total charget under the NSR is the same as under surcharging and is
independent of the size of the cash mar&ehut the spread betweeandt (which is irrelevant
under surcharging) shrinks asncreases. (Proposition 5iii.) These results can be understood as

follows. Recall the merchant’s choices as function@, of given by expression (3). Note tltat
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is decreasing inandt, but the effect of is stronger. (By contrastandt affectq, symmetrically,
since both operate aqp only indirectly via the merchant’s prige) The EPN'’s equilibrium fees

are then (see Appendix),

foo 1+b

 aar/af)

bglth
2

The total charge when the merchant IR bindsi*, is thereforg1+b)/2, the same as under
surcharging, but lower than under the NSR with no rebates. Under the NSR with rebdtes, car
transactions increase more if the total EPN fee is cut through rebates thah tutiungji (see
fn.18). The EPN prefers to grant rebates and reduce the total charge as needéyl tteesatis
merchant’s IR because it gains enough from the increased transactions. A# tinarbas
grows, the EPN continues meeting the IR with the same total charge (as opposeaigta cutt
under no rebates) but reducing the spread betiveedit: t* rises witha (smaller rebates) while
i* falls. The merchant benefits from this reduced spread because it gains the option of
maintaining the same margmni on cards but at a prigecloser to the cash market optimum.

The next Proposition describes the effects of the NSR with rebates on quantities and
welfare, when the cash market is large enough that EPN charges are deterntineechérschant
IR constraint & > 0.22if b=0). Define the change in total surplus when rebates are allowed
(4TS)) to be total surplus under the NSR with rebates minus total surplus under no NSR. The

change in aggregate consumer surpdG) is defined analogously.

Proposition 6 (Quantitiesand Welfare): Suppose an NSR is imposed and rebates are feasible.
For a large enough that the merchant IR binds, compared to the equilibrium with no NSR:

i) Cash users’ transactions and consumer surplus are lower;

i) Card users’ transactions and consumer surplus are higher;

iii) Aggregate transactions (| « g,) are unchanged,

iv) ATS rises ine. For b=0, it is positive if and only i >1/3;

v) ACS falls in . For b=0, it is negative if and only if >1/3;

vi) ATS and ACS'rise in b.

Parts i)-iii) of Proposition 6 follow because the EPN'’s total chafges equal under the

two regimes. Under surcharging, equilibrium quantities are invariant to#taws divided
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between andt, in particular, the same quantities would arise if one’sdt) — the values that
are optimal under the NSR. Imposing the NSR while chargintf), however, constrains the
merchant’s retail pricing, causing cash transactions to fall and card transdo rise; total
transactions remain the same because of the linearity of demand.

Now consider whydTS} increases with the size of the cash market (Proposition 6iv). As
« increases, the total quantity of transactions rises under both regimes but esgoain3 hus,
the behavior oATS? hinges on the change in allocation of transactions between cash and card
users. The efficient per-capita levels arfer cash and +b for cards. With surcharging, the cash
guantity is1/2 and the card quantity (§+b)/4, both independent af. Under the NSR, ag
increases both quantities rise towatdd As « increases, therefore, the allocation improves only
under the NSR, sdTSrises ine. With zero merchant benefit from card useQ, ATS'is
positive if and only ife >1/3. The case db>0 is discussed shortly

By contrast, the change in aggregate consumer surplus when moving to the NSR with
rebates declines i (Proposition 6v). The narrowing of the gap between per-capita cash and
card quantities ag increases under the NSR — but not under surcharging — is harmful to
overall consumer surplus, by Lemma 1. Be0, the NSR with rebates reduces overall consumer
surplus if and only ix >1/3.

Positive Merchant Benefit. Moving from surcharging to the NSR with rebates, therefore,
causes opposite changes in total surplus and overall consumer sulpls ithenATS>0 («
>1/3), ACS*O0. Thus, the increase in EPN profit always comes at least partly at the expense of
consumers and the merchant (recall that the merchant losesdprte cas®=0, however,
presents an overly negative picture of the NSR. When there are gross merchats fioemefi
card use, the NSR with rebates can increase both total surplus and overall consuaser surpl
Since botrdTS andACS? are increasing ib (Proposition 6vi) and both equaht  =1/3, for
b>0 there will be an interval aroung=1/3 in which ATS*andACS* >0. These results are
illustrated in Figure 2.

The intuition for whyATS* andACS? are increasing ib is as follows, starting with total
surplus. Since total transactions are equal under surcharging and under the NSR teghtheba
differential effect ob under these regimes works via its effect on the mix of transactions. The
efficient per-capita cash and card quantitieslateandl. With surcharging, quantities at&?
and(1+b)/4, henceg,- q. = (b-1)/4. Recalling thab<1, the card quantity is always lower than
the cash quantity under surcharging, and the gap closes at tibkatender the NSR and
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rebatesg, is higher than with surcharging, and any such gap is socially more valuable the larger
is b. Moreover, a increases the gap between card and cash quantities rises faster under the
NSR than under surcharging and the gap under the NSR never exceeds the efficterthys,

an increase ib magnifies the allocation advantage of the NSR. Finally, since theggag,. |

rises withb under the NSR but falls under surcharging, while total quantity is the same under
both regimes, it follows thalCS} increases i by Lemma 1.

Interestingly, the favorable impact lobn the NSR’s effect on total surplus is reversed
when rebates are not feasible (Proposition 4ii)d). With the NSR and no rebates, the EPN
responds to an increaselifin the range olr where the merchant’s IR binds) by raising its
charge to the merchant so as to leave the net marginal cost of card transattmpnsichanged
(Proposition 3iii), and therefore quantities uncharfdéthder surcharging, an increasebiteads
the EPN to permit a reductioniit-b, and therefore an increase in card transactions. Thus, an
increase irb raises card transactions under surcharging but not under the NSR with no rebates.
Under the NSR with rebates, however, the EPN responds to an incredseatiowing card
transactions to riskasterthan under no NSR, causidd St to increase im.

Proposition 7 draws on previous results to compare the outcomes under the NSR if
rebates are or are not feasible. For simplicity, we focus on the case when thadathsnharge

enough that the merchant’s IR determines EPN pricing with or without rebates.

Proposition 7 (Rebates vs. No Rebates): Suppose the NSR is imposed, the merchant’s IR binds,
and rebates are feasible. Compared to the outcome under the NSR with no rebates:

i) Card users’ consumer surplus is higher, cash users’ consumer surplus is lower, and aggregate
consumer surplus is higher with rebates.

i) For relative sizes of the cash markethat make the merchant’s IR constraint bind in both

cases, total transactions and total surplus are higher with rebates.

The superiority of rebates for total output and overall welfare (Proposition Tégtsethe
ability of rebates under the NSR (and only then) to more effectively reduce double
marginalization than by relying just on cutting the merchant fee. Recall ttieth@iNSR an

increase in by 4 and an equal cut inwould lower the net price to card users, because the

2 Under the NSR and no rebates, when the merchahtsnids, per capita transactioQsare determined by

(3), whose right hand side is independerth of since the merchant’s outside option of servinly oash customers
is independent df, so too is the profit, and thus quantify,that the EPN must leave to the merchant.
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merchant would raise its uniform price by less tlafin (3), dp =(4i- 4t)/2(1+a) = 1/((1+¢).)
In fact, the price to card users is even lower under rebates, because when battng the
EPN raises its merchant fee by less than the rebate amount. The lowertadggRdgahargert
under rebates implies that total transactions increase. Aggregate cossyphes therefore rises
with rebates because total quantity is higher and per capita transactions aré wmdguabates
but equal with no rebates which further benefits consumers (Lemma 1). Total suriparsfisrée
also higher with rebates: overall consumer surplus is higher, the EPN’s projihés [y
revealed preference), and the merchant’s profit is the same (for valaéisadfmake the IR bind
under rebates or no rebates, the merchant loses the entire surplus from dealingei#tk e
either case).

Cash users, however, lose from the NSR even with no rebates to card users (Proposition
4), and lose further if such rebates are feasible. Granting rebates indneagsgsrise demand of
card users, prompting the merchant to raise its retail firineaddition, when the EPN cuts
belowO it also raises somewhat, putting further upward pressure on the merchant’s price (see

(3) wherep increases inand decreases thwhile g, does the reverse).

6. Competitive Card I ssuers

To this point, our analysis applies most directly to the case of proprietary netwaates w
the EPN is a single card issuer. Alternatively, it describes outcomes whete desiiple card
issuers, the issuing industry behaves as if were maximizing issuing banks’ ¢ditst jptow do
the results change if the EPN is an associatiaowipetitiveissuing banks? In this scenario,
member banks issue the cards, and they, rather than the network, set most of the terms to
cardholders, including prices (annual fee, interest rate, rebates). This septaasthe effects
of an NSR when the EPN is unable to control

A sequential/simultaneous game emerges. First, through their partnershipeniRN,
banks set the merchant discountife@d commit to it. Merchants continue to set prices taking
as given but recognizing thiis determined through competition for card users by issuing banks.

If bank membekV of the EPN is one ah banks charging the lowest card user fee, it obtains

28 Gerstner and Hess (1991) cite empirical evidenaerttailers indeed raise their prices in respomse

manufacturers’ granting of rebates to consumers.
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sales ofg,, = x/m, wherex is derived from equation (1) and is givenxzi/2-(i+t-b)/2. If the fee
of bankW s not among the lowegd,, is zero. That is, takingas given, banks compete as
Bertrand price setters to cardholders and each of the banks that charge the é&vedsaies
1/mof total transactions, where the latter quantity determined by the equality of the
merchant’s marginal revenue function from card transactions with its netnalacgst. Suppose
that banks can only set fees in discrete ugit§), By the standard Bertrand logic, the
equilibriumt,, satisfiest,, = -i + . Card issuers compete away (virtually) all their rents by
offering rebates that are close to the interchange fee.

As before, the constraints art) are to ensure the merchant continues serving cash
users, and continues participation with the EPN (IR). In both cases, equilibrium gsiamétie
obtained by substituting,, =~ -i into expressions (3) that show the merchant’s quantities as

functions ofi andt. Since the quantities under no NSR@re 1/2,q, = (1+b)/2, the changes are

Aq=(2t+b)/(2(1+ 2))<0, Aq=- o2t+h)/(2(1+a))>0.

The inequalities follow since the NSR binds on the merchant ontyit/2?°. The changes in
equilibrium quantities imply that with competitive issuers total transactinder the NSR with
rebates is the same as under no NSRbEOr the per-capita card quantity exceeds the cash
guantity under no NSR (because, with competitive issuers, the markup is only at thenmercha
level), but exceeds it under the NSR with rebates.

As long as the EPN'’s issuing banks ergoyneprofits from transactionss(> 0), the EPN
will wish to generate the largest possible quantity of such transactions. &iddeatisactions
are decreasing ip the EPN will fix a high, inducing its competing issuers to offer large
negative values df(large rebates). Proposition 8 summarizes the effects of this incentive on

equilibrium quantities under the NSR and competitive isstfers.

2 The Bertrand assumption implies -i. Linear demand implies that, under surchargingntkechant’s card

price is(1-b-2t)/2 This exceeds the cash prid€?). that is, the NSR binds onlyti-b/2.

30 The theorem is shown fdxr= 0, however, given the continuity of the environmentantity and welfare

results will continue to hold fds small and positive. They may not hold folarge since, even with competitive
issuers, there is then a significant bias away ftcands under no NSR. (The efficient quantitieslaf@r cash and
1+b for cards while the no NSR levels di2 and(1+b)/2, so only the card underprovision rises with
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Proposition 8: Assume b = 0. With perfectly competitive issuers, in the equilibrium under the
NSR:

i) If a<1, the EPN sets i until merchants are just indifferent between selling to cash agstome

not; if « >1, the merchant’s IR constraint binds;

il) Cash transactions are lower than with no NSR, card transactions are higher, but total
transactions are the same;

iii) For all values ofa, overall consumer surplus is higher than with no NSR but merchant profit
and total surplus are lower;

iv) In the limit as the mass of cash users becomes large, the per-capita cash quantity approaches

the single monopoly level and the per capita card quantity approaches the competitive level.

Proposition 8i) illustrates that, with competitive issuers, the constrainhth&RN
ensures that the merchant continues to serve the cash market binds for a laoj¢hsizash
market <1 rather tharw< .22). This is because the stronger tendency to offer rebates under
competition among card issuers makes the option of pricing cash users entirely ounariktbie
relatively more attractive to merchants. Total quantity remains the saumelar no NSR
(Proposition 8ii)) because demand is linear and the total EPN fee remains theeaneard
and cash quantities therefore move in opposite directions because only card usbeteget re

Given the same total quantity abd0, total surplus must fall under the NSR with
rebates, since per capita quantities of cash and card users are then differertfiieihcy calls
for equal levels as occurs with competitive issuers and no NSR. This divergence dfeguanti
only with the NSR implies, however, that overall consumer surplus rises (trapezpideeat).

Result 8iv) shows that as the cash market becomes large relative to cardRR time NS
conjunction with competitive rebates by card issuers succeed in eliminatingttrgatisn the
pricing of card transactions due to the monopolist merchant. The merchant chargesvdyunifor
high (monopoly) price to both card and cash users, but card users receive a rebate arel therefor
obtain a net price close to the competitive price. However, the net price to cask tlsers i
(uniform) price charged by the merchant. When the cash market is large, the nepmianis

driven by the cash market and thus will approach the simple monopoly level.
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7. Conclusion

The complex cycle that makes up a typical payment network offers a rich field for
economic analysis, with prices playing important roles at every link of the &uteprincipal
model analyzed the No Surcharge Rule as an imperfect instrument of vertical byprtrcard
payment network (EPN) facing a merchant in an environment of double marginalizatioa, whe
the merchant also serves outside consumers—'cash’ users. By requiring the risecanént
price to equal its cash price, the NSR leads the EPN to prefer a higher fee tocthentrend a
lower fee to card users (whereas the EPN is indifferent to how it allocatetaitfee when the
merchant can set the card price independent of the cash price). Throughout, the NSReenefits
EPN but harms the merchant and cash users. Other welfare effects depend on theasttidoof
card users, the merchant’s benefit from card versus cash transactions, and whatesr r
(negative fees) to card users are feasible.

If rebates are not feasible, the EPN charges card users zero but raisshtmnirfee
above its no-NSR total fee. This increase in total fee reduces total transacid aggregate
consumer surplus; with a sufficiently small cash market, even card users paynaer¢he
NSR. Despite the fall in total quantity, overall welfare increases if (andftie cash market
is large enough, because the rise in per capita card quantity combats the pred\N&Rnbia
double marginalization, at the cost of a relatively small distortigeircapitacash quantity.

If rebates are feasible the EPN grants them, benefiting itself and casdunslerharming
cash users and (weakly) the merchant. However, the EPN’s total fee is lowetlveites (as
needed to maintain merchant participation), so total quantity is higher than under thathiISR
no rebates, as are aggregate consumer surplus and overall welfare. RelativéRy titeNNSR
with rebates leaves total quantity unchanged but reverses the gap between the Gl and ¢
guantities from negative to positive. Overall welfare rises if and only if thie oarket is
sufficiently large, because the per capita cash distortion then is small (thtawnghlracash
market makes the NSR less favorable to total consumer surplus). A largermhbrstefit from
card compared to cash transactions increases the pre-NSR distortion from doghialiration
in card pricing and improves the effects of the NSR with rebates on overall vagithtetal
consumer surplus; interestingly, the reverse occurs if rebates are noefeasibl

Our emphasis has been on the impact of limits on merchant pricing flexibility when the

exists some power over price. To highlight this effect, we assumed monopoly pricoth #te

25



merchant and EPN levels, but we conjecture that similar effects willvelnseever there

remains a significant margin between price and marginal cost at both levelsd\malyzed a
case where the EPN margin is almost zero, because the EPN’s card issuing hanksabe
Bertrand competitors. In that case, pre-NSR there is no significant biast agadtss(if merchant
benefit from cards is low), so by encouraging card transactions at the expensetbé ddSR

with rebates reduces welfare, though it increases overall consumer surplus. s ana
abstracted away from consumers’ choice of the means of payment in order to focus qadthe im
on the level of transactions per consumer. Extensions of this research would inclusesaofaly
the effects of the ‘rule’ under a broader class of merchant market structureghaaddegenous
consumer choice of the means of payment (e.g., Rochet, 2003). Another direction will be to
examine how the NSR influences the competition among rival payment networks bothnign prici

and in other practices such as the tying of multiple cards (e.g., Rochet and Tirole, 2003).
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Appendix

Proof of Proposition 2: (i) Since merchant sales are decreasing in marginabgksdi)< x, and
therefore V (x(k-b) PV 1x,). Sincet* =V (x(k-b)}V (%), for allt,i such that+t=k, x(k-b) remains
constant antkt* impliesV (x(k-b))-t=p">V (x)=p.".
(if) Consider a choice df, g.) that solves the merchant’s profit maximization problem with an
NSR. Suppose that < x(k-b). The pair x(k-b),q) is also feasible for the merchant sincéq,)+t
> V1q,) impliesV (qg)+t > V (x(k-b)) by the concavity o¥/(¢). But the choice ofg, q.) over
(x(k-b),q) then implies that

0 (V1(Qo)-k+b) > x(k-b)(V(x(k-b))-k+b)
which violates the definition of(k-b) A similar proof showsj, < %, . Now suppose.=x(k-b).
The merchant’s first order condition with respecgtander the NSR constraint is
gV 1(9.)+V (9y)-i-t+b- AV 1q,) whereA > 0 is the multiplier on the constraint imposed by the
NSR Evaluating this expression @k-b)yields-4V (x(k-b)>0 since the first terms are the
merchant’s first order condition with no NSR and equal zexgkal). Therefore, merchant
profits are strictly increasing i, at g.=x(k-b).
(iii) Let f(p) be the demand curve of cash users vpit{p) concave. The demand curve of card
users id(p+t). Leti+t = k and letp denote the optimal (uniform) price charged by the merchant

under an NSR when the card user feg(8®i = k-t). Similarly, letp “denote the optimal uniform

price charged by the merchant when the card user féeg is Finally, for convenience, sét ’
A4 > 0. By definition ofp, charging a price under the fee profilgk-t,t) yields higher merchant
profits than charging a prige-4. Note that this second price implies a net price to card users of
p 4t . Thus,

apf(p)+(p+t-(k-b))f(p+t) > afp “A)f(p “A)+(p *t “(k-b))f(p+t ).
Similarly, under the fee profilék-t ;t ), p raises more profits than charging a ppeed.

ap f(p )+(p *t “(k-b))f(p+t?) > a(p+A)f(p+A)+(p+t-(k-b))f(p+1).
Adding the two inequalities and eliminating the common terms which denote revenues in the
card market and dividing by, yields

p f(p)-(p+4) f(p+4)> (p -A)f(p ~4)-p f(p ).
Recall thap andp “are higher than the price which maximipe&p). Suppose that 4t >p+t.
This impliesp ~4>p. But this violates the assumption of concavitpdtp) since the slope of the

revenue function must become steeper as we move further to the right of the maximum point.
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Proof of Proposition 3: i) When the IR constraint does not bind, the result follows from
Proposition 2iii). Now suppose the IR binds and congigigispace. At = 0, andi such that the
merchant IR curve bindsie show that the slope of the EPN level set is a lower negative number
than the slope of the merchant IR curve which has slope with absolute value less than one. This

implies that this point is a constrained maximum. (See Figure 3.)

i

EPN IC

Merchant IR
ve

Figure 3

Under an NSR, the Lagrangian representing the merchant’s profit maximizatiearprs
L0 G, A5it)= @ g, V(a)+ ge (V (G )-i-t+b)+ A(V (g )+ t - V(ae)),
wheref>0 is the lagrangian on the No Surcharge constraint. The EPN'’s profit function is given
by
IP=(i+t)q “(t,i;b).
Now consider the level sets of the merchant and the ERN)ispace. The slopestat 0 are

given by

b

oq, 0 dt,_, 0)
i

| dq, 9q,
| e _
die _ |, \ i o diM =_(1_A)

i

Note that the denominator in the first expression is non-negative since the EPN'&ipotibn

is quasi-concave along the lited and the fact that the IR constraint binds implies it is
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constrained to select aess than its unconstrained optimum. Equation (3) which provides the

merchant’s optimal choice of then implies

04, __1+2a _94,__ 1

- <
o 2(1l+a) oi  2(l+o)

The first order conditions for the merchant’s optimal choice of quantity imply that+ 4 (1+

3q, 9
i| e Hel gl _©)ip s
oi ot l+a

a)le. This yields

and

99, A A
-—+0 <O0-—.
oi 2a Q=<0 20

0<i

9q
e+ — b
oi ©

The first inequality comes because the IR is binding on the EPN and the second inequality

follows because, is decreasing in Combining these results yields

| %4, o4,
Z —_—
di ot A
>
oq,
i

A
+0 0 o

Now consider the level sets of the EPN and the merchdi)ispace. Subtracting the second

from the first yields, after substituting the inequality from above,

dig dty | o b

o

dic  diM A ( A)
@ > - > 0.
0o

Recalling thaQ -4/« is positive, 2i) follows.

i) Note that at = 0, the first order conditions for the merchant’s problem imply that
(1+a)(Q@V7+QV) = (i-b) Q

(Note that this implies that the merchant’s choic®ad a strictly decreasing function @fb).)

Substituting in foli-b) Q the IR constraint is equivalent to
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(1+a) QV(Q) - (F0)Q=-(1+2) F*V"(Q) > X V(%)
or (Equation (4) in the text)

-QV7(Q) 2 ax VX)/(l+a) . (1A)
The right side is increasing in Concavity of the merchant revenue function in quantity implies
the left side is increasing Q. For low &, the constraint does not bind when the EPN selects its
globally optimalQ at(i,,0). As e rises, the constraint binds and the EPN must offer a
successively highep (loweri) in order to induce the merchant to participate.
iii) The merchant choice @ is strictly decreasing inb, so, holdingo fixed, 3ii) impliesi
decreasing inv. When the IR bindsQ is determined by (1AWhich, in turn, determingsb.
iv) If the IR does not bind, then the EPN optimal choicei®{1+ a+b)/2 which is increasing in
«. If the IR binds, then the optimal choiceia$ determined solely by the merchant’s IR

constraint (at=0) and is given by

l+a-yo+a2+b

This is decreasing ia for all c.. I

Proof of Proposition 4: i) Proposition 3 yields the optimal solutibs O whichimplies that per
capita cash and card purchases are the same. This gives the first order conditiomeotlet,
I = b+(1+ a)( V (X)+xV 1x)). Defineq,= argmaxx(b+(1+a)(V (X)+xV 1x))) to be the quantity of
card-user transactions which maximizes EPN profits with the NSR. Concatiity BPN’s
profit function implies this is unique. Note thggtmaximizes profits with no NSR. =0, then
the definition indicates thag, = argmax(1+a) x((V(x)+xV 1x))) and sa, also solves the
EPN'’s problem with the NSR. Thus, card transactions are unchanged with the N®RQpand
but cash transactions are lower (since they exceeded card transactions hetiNsiR). Now
considerb > 0. By definition,

0o (b+V (Go)+do V (o)) > a.(b+V (a,)+a, V 1(d.)
and

Oo (b+(I+a)(V (0e)*+q, V() < a(b+(1+2)(V1(a)+a, V(ay)).
Subtract the two inequalities and divide-layto get

Ao(V (G0)+a0 V (00)) < A,V (a)*9, V 1ay).
Suppose tha,> q,. Thenb q,< b q,. This implies

Qo(b+V (qo)+d, V (d) < g (b+V (9)+d, V 1a,)
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which violates the definition af,. The EPN first order conditions with the NSR, evaluateg,at
indicates that EPN profits are strictly declining in quantity at that point:

ome(x)

=b(1-(1+a))=-ab<0
ox

|x=q,

s0q,<q, givenb>0. Thus, card transactions are lower with the NSFbfd) and so, too, are cash
transactions.

ii) @) - b) The limit of the right side of (1A) ag becomes large gV (X,) SOQ must approack,
Before reaching the limit, thouglQ < x, so cash users’ purchases and surplus fall with the NSR.
P3) implies that eventually cardholder purchases and surplus are higher with the NSR.

c)-d) With an NSR and linear demand, merchant profitis2)Q’ so (4) can be writte@*=
al(4(1+a)). With no NSR, the total quantity of transactionglisb)/4+a/2. For o > o*, the IR
constraint binds and determin®@s(a/(4(1+«))°. The NSR thus raises total quantity if and only

if,
(1+a) \/m\/— 1+b o
2

cc+ocz 2 +(1+b)cc+cc

This is impossible so total quantity falls. The limiteagoes to infinity of the difference in total

quantity is
. 1. 1+b
lim,_(1+e)0-a/2-(1 +b)/4—511mam(\/(1 A —cc)—T
1+o 1
B A N B B
1/o 4

Applying L'Hopital’s Rule to the limit (the term in the limit i4/2) yields a value for the
difference in total quantity ag goes to infinity isb/4.

For any two pairs of per capita transactidgsg,),(Q.,Q.), and defining,

4Q. = Q. - 0,4Q, = Q. - 0, 4Q; = 24Q, +4Q,,

the change in total surplus when moving from the first outcome to the second is
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ATS =(1-.5(Q+q,))4Qr +(b-((Qe-Qu)+(0:-0))/2)4Q. . (2A)
Thus, letg, =1/2, q=(1+b)/4 be the per capita transactions when surcharging is allowed and
Q=Q.=Q. the (common) per capita quantity under the NSR without rebates. The IR constraint
yields Q*=.25 #/(1+a), so the limit asy goes to infinity ofQ is¥. Thus, asr goes to infinity,
4Q,. =0, 4Q, = (1-b)/4, AQ; = -b/4 and we have

lim,.. ATSR= (1+b)32 -IF/4.
So the limit is decreasing m Furthermore, using the fact tHatandq, are independent &f and
A/ b=1/4,we have

GATS®/ do=-) b+, A b+Q-a.-b A/ b.
Therefore,

R 2ATSRI b} Fe= 3 Q 1 de>0.
Direct computation shows thdff S*Ris increasing inx for b=0. Thus, it is increasing in for all
b>0. Since, fora large enoughy “> b implies ATS(a,b )<A4T(a,b) (the limit is decreasing
in b), and sincedTS'®/dwe is increasing i, we haved TS (a,b )<ATS'R(«,b) for all «.
(Computations show that total surplus exceeds total surplus with no NSRIab3for b=0.).

The change in consumer surplus is

ACS =.5(Q+0:)4Qr +.5((QeQu)*+(Ae-0)) 4Qe (3A)
and in this casedQ; <0, Q.-Q.=0, and(g.-q,)4Q, <0. [

Proof of Proposition 5:i) If a<a*, then the IR does not bind under no rebates and, by
Proposition 2iii), the EPN increases profits by holdifiged and lowering. If a> a*, from the
Proof of Proposition 3i) the slope of the EPN indifference cur{gt)rspace is steeper than the
slope of the merchant’s IR curve at the constrained optimal soltti@nThus, again, EPN
profits are strictly higher gst) is varied by lowering below zero and raisingso as to stay on
the IR curve.

i) With t<0, the merchant’s demand curve for card transactions is strictly above the (p&r capit
cash demand curve. With sufficiently high rebates, the monopoly price from servinghe ca
market exceeds the choke price for the cash market. In this case, the merchantisptioin
has two local maxima. If the merchant serves only the card market, the per aapttamsaction
is the same as with surcharging allowed but cash transactions are now zeran& €pgidit the
merchant prices to serve both markets, the solution is

_l+a+i-b-t q:1+a—i+b+t q:1+a—i+b—t(1+2a)
2(1+a) ~ ¢ 2(1+a) T € 2(1+a)

(4A)
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The merchant chooses to serve both markets and thus selects prices and quantidég as in (

if and only if

i-t-b<y/1+o (5A)

Using the values fap, q,q, from (4A) in (1A) gives the values (@ft) for the EPN when the IR
binds. Maximizing with respect {@t) yields

£ 1+b

 4aryafTra)

b 1sb .
> T (6A)

Equation (6A) implies that (5A) is violated agyets small.

iii) Follows from Equation (6A). [

Proof of Proposition 6:i)-iii) Follows from (4A) and noting that under surcharging, per capita
cash quantity i4/2 and card quantity i€l +b)/4.
iv)-v): Total surplus is affected by total quantity and by the differences in quantities.Ske N
and linear demand imply V=g NR+t. Utilizing Equation (2A) for the change in total surplus
moving from surcharging to an NSR with rebates, along with the fact that total gusntit
unchanged yields

ATSSR=(b-(-t-(1-b)/4)/2)4Q, =(7b+1+4t)4Q,/8.
The change in total surplus is positive if and onlyy §+1+4t)>0. It is increasing i if
(7b+1+41)>0 sincedQ, andt are increasing im. Note that ib=0, thenTS'SRTSR=0 ata=1/3.
(At that point,t=-1/4 andg,"*Rexceeds "R by exactly the same amount tlogi-® exceeds
ge™")

Given constant total quantity and linear demand, aggregate consumer surplus depends on
the split between the types of consumers. Equation (3A) yields

ACS =-(a, -6 (A 6% + (@65,

Direct computation yields tha&CS} is increasing inx for all b. SinceATS! depends om as
ACS depends ong, we also havA TS falls in @ for @ such tha{7b+1+4t)<O0.
vi) Direct computation shows thATS andACS?rise inb. [
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Proof of Proposition 7:i) Equation (4A) shows thaj falls asi-t rises andj, rises ifi+t andt
fall. Propositions 3 and 5 reveal that compared to the NSR with no rebates, when rebates are
feasiblej+t andt are lower andt is higher. If the IR binds, then Propositions 4 and 6 imply
total quantity is higher under the NSR with rebates and since, with no rebates, per capit
guantities are always identicéd,=q.) and with rebate€Q, > Q,, Equation (3A) implies total
consumer surplus must rise.

ii) Suppose that the IR binds at the optimal solution t&fh The optimal solution with the>0
relaxed is at a point downward and to the right of this point. Part i) implies total cansume
surplus rises. Revealed preference implies that EPN profits rise and, siremave on the
merchant’s IR curve, merchant profits stay the same. Thus, total surplus risetheth®
constraint is relaxed from a point at which the IR constraint binds.

iii) Shown by computation.

Proof of Proposition 8: i): Solving the merchant participation constraint simultaneously with the

constraint=-i, yields

l-comp(IR)Sl Vv 1+
2 Ja

The constraint that the merchant continue to be willing to serve the cash maskét ise)~/2.

Usingt=-i, this yields a value

iCO”‘P(IC)S l 1+o
2

The lowest value for®™is the binding constraint. The second one is lower than the first if and
only if e<1.

i),ii1): Use the quantity equations from Equation (4#)per capita purchases atdi to get

aq.= a(.5-1/(1+a)) andq=(.5+ « i/(1+ &)). Summing the two yields total quant{ti*+ «)/2 which

is independent dfand is equal to the total quantity of purchases with competitive issuers and no
NSR. Conditional on total quantity remaining constant, social surplus is maximized when the
cash and non-cash quantities are the same. Any vatugtraftly less than zero along with the

NSR, violates this condition, so social surplus must fall. Consumer surplus risesebbcédiag

34



total quantity fixed, the loss to cash consumers from the higher price is more thamsateghe
by the gain to EPN consumers from the lower price. Ugin@5+ « i/(1+ )) and lettinge grow

large yields approache4/2, EPN quantity approachdsand cash quantity approachg2. [
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