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1 Introduction

Recently several models of payment schemes have been developed in order to analyze the optimal structure
of fees in debit and credit card schemes. They ask the question: How much is charged to cardholders versus
merchants for card transactions? Policymakers in a number of jurisdictions have been concerned that
merchants pay too much to accept credit card transactions, costs that in their view are ultimately covered
by consumers who pay by other means (see Chang and Evans, 2000, and Chakravorti and Shah, 2003).

The optimal structure of cardholder and merchant fees was first addressed by Baxter (1983), who
viewed a payment transaction as a joint service consumed by cardholders and merchants. He emphasized
the importance of a structure of fees for which cards are used whenever their joint transactional benefits
exceed their joint costs. Baxter’s was a normative analysis. Schmalensee (2002) and Rochet and Tirole
(2002) have since provided positive analyses, explaining what determines the structure of fees set by a
payment card association (such as MasterCard or Visa). While Schmalensee focuses on the trade-off
between attracting cardholders and attracting merchants, Rochet and Tirole analyze a corner solution in
which all merchants accept cards in equilibrium. A key feature of Rochet and Tirole’s model is that they
derive consumer and merchant demand from first principles, allowing for the fact merchants compete
to attract customers (some of whom may be cardholders). Wright (2003a) combines elements of both
approaches to explore the sources of divergence between the privately and socially optimal fee structures.
However, all of these authors assume there is just one payment system that is choosing its price structure.!
This paper relaxes this assumption.

In considering how competition between payment schemes determines the structure of fees between
cardholders and merchants, this paper also falls within the recent literature on two-sided markets. These
markets have the property that there are two types of agents that wish to use a common platform, and
the benefits of each side depend on how many users there are on the other side of the network. Rochet
and Tirole (2003) provide a general model of platform competition in a two-sided market. Examples they
give include Adobe Acrobat (Acrobat Reader and Writer), payment cards (cardholders and merchants),
platforms (hardware/console and software providers), real estate (home buyers and sellers), shopping
malls (shoppers and retailers), and Yellow Pages (readers and advertisers). In contrast to their model
of a single payment scheme (Rochet and Tirole, 2002), they treat users on both sides as end users,
abstracting from the fact that an important feature of some of these markets is that one side competes
amongst itself to sell to the other side (e.g. merchants, software providers, home sellers, retailers and
advertisers).? In contrast, we allow for competition between merchants (sellers)

In addition to allowing for competition between merchants and competition between schemes, we
also allow for consumers to make separate card-holding and card-usage decision. Our main analysis is
presented in terms of a model of two competing card associations, such as MasterCard and Visa. For such
schemes the structure of cardholder and merchant fees is determined by the level of the interchange fee, a
fee set collectively by the members of the associations. The interchange fee is paid by the merchant’s bank
to the cardholder’s bank on each card transaction. A higher interchange fee results in higher merchant
fees and lower card fees. We model how the two types of competition alter the equilibrium interchange fee,

and compare this to the socially optimal level. To obtain sharp results, we focus on the benchmark case

IThis is also true of other recent models in the literature including Chakravorti and To (2000), Gans and King (2003),
Schwartz and Vincent (2002), Wright (2003b), and Wright (2003c). Rochet and Tirole (2002) do discuss the impact of

scheme competition in their model, but they do not find the resulting equilibrium.
20ther papers that model two-sided markets also abstract from the strategic interaction between sellers. These include

Armstrong (2002), Caillaud and Jullien (2001, 2003), Parker and Van Alstyne (2000), and Schiff (2003).



in which consumers view the two types of cards as providing identical transactional benefits for making
purchases, and merchants view the two types of cards as providing identical transactional benefits for
receiving payment.

To compare results from our model with those of Rochet and Tirole (2002), we start with the bench-
mark case in which there is only a single card scheme, before allowing for competition between schemes in
which consumers choose whether to hold none, one or both cards, and merchants choose whether to accept
none, one or both cards. To see how merchant competition matters, in each case we start with a model
in which the merchant is a monopolist, and so does not use card acceptance as a strategic instrument of
competition. We then consider what happens when merchants compete in a Hotelling fashion.

A key determinant of the competitive fee structure (and interchange fee) is the extent to which con-
sumers hold one or two cards when making purchases. With both forms of merchant behavior considered,
when consumers only choose to hold one card, competition between card schemes does not result in lower
interchange fees. In this case, by attracting cardholders, card schemes have a monopoly over access to
these cardholders. This leads competing card schemes to care only about the surplus they can offer to
cardholders, leaving no surplus to merchants (the case of a competitive bottleneck).

This competitive bottleneck outcome can be undermined provided some consumers hold both cards.
Then the unique equilibrium in our model involves competing card schemes seeking to attract merchants
exclusively, by offering maximal incentive for merchants to accept their cards. In the case of monopolistic
merchants, this implies maximizing the expected surplus offered to merchants. In the case of competing
merchants, this involves maximizing the expected joint surplus of consumers and merchants, given that
competing merchants take into account the benefits that their customers get from being able to use
cards. In either case, interchange fees are lower to the extent there is competition between schemes, but
higher to the extent there is competition between merchants. When the two effects are combined, so
there is competition between schemes and between merchants, the equilibrium interchange fee remains
inefficiently low, but only to the extent that issuers and acquirers obtain positive margins.

The rest of the paper proceeds as follows. In Section 2 we present our model, starting with the case of
a single card scheme. Section 3 considers the case of two identical competing payment card associations.
Section 4 considers several extensions and implications of our analysis. Section 4.1 shows that our results
also hold for the case of competing proprietary schemes, like American Express and Discover card, that
set their cardholder and merchant fees directly. Section 4.2 considers how our results extend to allow for
merchant heterogeneity. Section 4.3 explains how the existence of some cash-constrained consumers alters
the equilibrium fee structure. Implications for policy and for the analysis of other two-sided markets are

discussed in Sections 4.4 and 4.5. Finally, Section 5 provides some concluding remarks.

2 A single card scheme

We start by considering the simpler case of a single payment scheme where the only alternative to using
cards is cash, before introducing competing payment schemes in the next section. This allows some of
the analysis we will use in the next section to be first developed in a simpler setting. It also allows our
model to be compared to the framework of Rochet and Tirole (2002) in the case in which there is only a
single payment scheme. In addition to considering strategic merchants, as they do, we also allow for the
case of monopolistic merchants, and for consumers to make separate joining and card usage decisions.
Another difference between our model and theirs is that in our model consumers are assumed to receive

their particular draw of transactional benefits from using cards once they have chosen which merchant



to purchase from.

In the model of Rochet and Tirole, consumers get their draw of transactional benefits before they
choose which merchant to purchase from. Clearly our timing assumption is made for modelling conve-
nience. We think it is a reasonable modelling approach for two reasons. First, with our set-up, consumers
still choose which merchant to purchase from (in the case of competing merchants) taking into account
the expected benefits from using cards versus the alternative payment instrument. By accepting cards,
merchants will raise consumers’ expected benefit from purchasing from them, since consumers will gain
the option of using cards for purchases. In fact, this section shows the timing assumption does not alter
the equilibrium conditions under which merchants accept cards or consumers use cards: they are equiv-
alent to the condition derived in Rochet and Tirole (2002) and Wright (2003a) for a Hotelling model of
merchant competition, and to the condition derived in Baxter (1983) and Wright (2003c) in the case of
monopolistic merchants. Thus, we do not think this particular timing assumption is driving the results
we obtain. Additionally, the timing assumption can be motivated by the idea that consumers only learn
of their particular need to use various types of payments once they are in the store.

A card association represents the joint interests of its members, who are issuers (banks and other
financial institutions which specialize in servicing cardholders) and acquirers (banks and other financial
institutions which specialize in servicing merchants). In such an open scheme, a card association sets an
interchange fee a to maximize its members’ collective profits.®> The interchange fee is defined as an amount
paid from acquirers to issuers per card transaction. In addition, we assume a cost of ¢; per transaction
of issuing and c4 per transaction of acquiring. A proprietary scheme incurs the cost ¢; + c4 of a card
transaction. Competition between symmetric issuers and competition between symmetric acquirers then
determines the equilibrium fee per transaction for using cards, f, and the equilibrium fee per transaction
for accepting cards, m. In the case of a proprietary card scheme such as American Express, the scheme
sets f and m directly to maximize its profits.

We follow Rochet and Tirole (2003, Section 6.2) and make the simplifying assumption that competition
between symmetric issuers and between symmetric acquirers leaves some small constant equilibrium

margin to issuers and to acquirers, so that
fla)=cr—a+my (1)
where 7; is some small constant profit margin.* Likewise, merchant fees are
m(a) =ca+a-+7ma, (2)

where 74 is some small constant profit margin. Intense intra-platform competition results in (as a first
order approximation) the number of card transactions being taken as given, so that symmetric Hotelling
or Salop style competition between banks would lead to the above equilibrium fees.

Card fees can be negative to reflect rebates and interest-free benefits offered to cardholders based on
their card usage. Card fees decrease and merchant fees increase as the interchange fee is raised. The
implication of the above assumption about bank competition is that the level of the interchange fee
affects only the structure of fees, and not the overall level of fees: the sum of cardholder and merchant

fees per-transaction, denoted by | = f(a) + m(a), is independent of the interchange fee a (it equals

3In our set-up below this is also equivalent to assuming that the card association seeks to maximize the total number of
card transactions. Notably, MasterCard and Visa (the card associations) obtain revenues from a small levy on each card

transaction collected from their members, so they would seem to have the same incentives as their members.
4The form of card fees implies there is a one-to-one relationship between card fees and interchange fees.



ca+cr+ma+ 7). As aresult, a card association will maximize its members’ profits by choosing its
interchange fee to maximize its volume of card transactions.

As in Rochet and Tirole (2002), consumers get transactional or convenience benefits bg from using
cards as opposed to the alternative cash, and merchants get transactional or convenience benefits bg
from accepting cards relative to the alternative of accepting cash. The benefits bp are drawn with a
positive density h(bg) over the interval [bg, bg]. The hazard function h(f)/ (1 — H(f)) is assumed to be
increasing, where H denotes the cumulative distribution function corresponding to bg. All merchants
(sellers) are assumed to receive the same transactional benefits bg from accepting cards (this assumption
will be relaxed later). We will refer to bg — f as the ‘surplus’ to consumers from using cards, and bg —m
as the ‘surplus’ to merchants from accepting cards. (Note, however, if merchants compete to attract
cardholders, they will also profit from accepting cards through a business stealing effect.) We assume
that

E(bp) +bs <1 <bp+bs (3)

so as to rule out the possibility that there is no card use and to rule out the possibility that all consumers
use cards.

It costs merchants d to produce each good, and all goods are valued at v by all consumers. There
is a measure 1 of consumers who wish to buy from merchants. Consumers are assumed to each want to
purchase one good. We also assume
L - H(bg)

h(bg)

which is used in Appendix B to show that even monopolistic merchants will set a price such that consumers

v—d>1—by—bg+

who pay by cash will still want to purchase. Throughout, merchants are assumed to be unable to price
discriminate depending on whether consumers use cards or not, so consumers will want to pay with the
card if and only if bg > f.5 Using this property, we can define a number of important functions. The
quasi-demand for card usage is defined as D(f) = 1 — H(f), which is the proportion of consumers who
want to use cards at the fee f. The average convenience benefit to those consumers using cards for a
transaction is G(f) = E[bg|bg > f], which is increasing in f. The expected surplus to a consumer (buyer)

from being able to use their card at a merchant is

¢s(f) = D(f) (B(f) = 1), (4)

which is positive and decreasing in f. The expected surplus to a merchant (seller) from being able to

accept cards is D(f)(bg —m), which, given that f +m = [, can be defined as

ds(f) =D(f)(f +bs —1). (5)
Finally, the expected joint surplus to consumers and merchants from card usage is defined as

o(f) = D()(B(f) +bs = 1), (6)

which equals ¢z(f) + ds(f)-
The following lemma summarizes some useful properties of these functions, and introduces three

important levels of the interchange fee.

5This no price discrimination assumption can be motivated by the no-surcharge rules that card associations have adopted
to prevent merchants from charging more to consumers for purchases made with cards. It can also be motivated by the
observation of price coherence (Frankel, 1998) — that merchants are generally reluctant to set differential prices depending

on the payment instrument used.



Figure 1: Important interchange fees

¢s(f(a))

M

Notes. The interchange fee a™ maximizes ¢g(f(a)), the expected surplus to a merchant from being able to

accept cards, while a© maximizes ¢(f(a)), the expected joint surplus to consumers and merchants from card
usage. #5(f(a)) =0 at the interchange fee a®, while ¢(f(a)) = 0 at a'l.

Lemma 1
1. There exists a unique interchange fee, denoted a®, which mazimizes ¢(f(a)). It equals
a® =bg —cq—7a (7)
and is the unique interchange fee which solves ¢s(f(a)) = 0.
2. There exists a unique interchange fee, denoted a™ , which mazimizes ¢s(f(a)).

3. There exists a unique interchange fee, denoted a't, which solves ¢(f(a)) = 0.

C

4. The interchange fees a®, ™, and ' satisfy a™ < a® < a'l.

Proof. See Appendix A.1. B

The results of this lemma are summarized in Figure 1.

Each consumer enjoys some intrinsic benefit, u, from holding a card, which is a random variable with
positive density e over the interval (—oo,u] for some w > 0. We let A(u) = 1 — E(u), where E is the
cumulative distribution function for . For some consumers u < 0, so that holding a card (which is not
used) is inconvenient. This could also represent the case that there are some costs to issuers associated
with managing a cardholder, if these costs are fully passed through to cardholders. For other consumers,
cards offer more than just the ability to make transactions at merchants (for example, they may be used
as security or to withdraw cash), in which case u > 0. The variable A captures the measure of consumers
who choose to hold a card.

The timing of the game is summarized as follows:

(i). The payment card association sets the level of its interchange fee a. Issuers and acquirers then set
fees f and m to cardholders and merchants according to (1) and (2). Alternatively, a proprietary

scheme sets f and m directly.



(ii). Consumers get their draw of u and decide whether or not to hold the card. Merchants decide

whether or not to accept the card.
(iii). Merchants set their retail prices. If relevant, consumers decide which merchant to buy from.

(iv). Based on their individual realizations of bg, consumers decide whether to use the card for payment

(if they hold the card), or cash.

We first start with the case of monopolistic merchants.

2.1 Monopolistic merchants

By considering monopolistic merchants, we abstract from the business stealing motive that can influence
a merchant’s card acceptance strategy. This non-strategic approach is the setting that underlies the
seminal analysis of Baxter (1983), in which he considered a merchant that accepted cards whenever the
transactional benefits it obtained from doing so exceeded the merchant fee it was charged.

The following lemma describes the possible equilibria in stage (ii) of the game, and shows the Baxter

condition for card acceptance also applies here.

Lemma 2 Suppose a single card scheme has a card fee of f. If ¢ps(f) < 0, then monopolistic merchants
reject the card and A(f) = A(0) consumers hold the card. If ¢ps(f) > 0, then monopolistic merchants
accept the card, and \(f) = A(—ép(f)) consumers hold the card.

Proof. We solve the game by working backwards through the stages. The stages are described in turn.

Stage (iv).

If consumers hold a card, they will use the card if bg > f and the merchant they buy from accepts
the card and sets a price p < v. If consumers hold a card, they will use the card if bg > f+p—v and the
merchant they buy from accepts the card and sets a price p > v. In any other circumstance, consumers
will not use a card.

Stage (iii).

Provided it sets its price no higher than v, a merchant obtains profit of
w=p—d+Af)D(f) (bs —m)1,

where [ is an indicator variable which takes the value 1 if the merchant accepts the card and 0 otherwise.
Alternatively, a merchant can set p > v, in which case it will only sell to cardholders who use cards, so
that

T=Af)D(f+p—v)(p—d+bs—m)l

As we prove in Appendix B, it will not be profitable for a merchant to set a price above v, and exclude
‘cash customers’ (both those who do not hold a card and those who do not wish to use a card), provided
the surplus from the good itself is sufficiently large. Instead, a monopolist will extract all the surplus

from the cash customers by setting p = v, implying it earns a profit of
m=v—d+A[f)os(f)I.

Stage (ii).
Given a merchant obtains a price of v regardless of whether it accepts cards or not, it will accept

cards if and only if ¢g(f) > 0. A consumer’s benefit from holding the card is then ¢p(f)I +u. It follows



that consumers will hold a card if w > 0 and ¢s(f) < 0 (using it only to withdraw cash and the like).
They will also hold a card if u > —¢p(f) and ¢s(f) > 0. If neither condition applies, consumers will not
hold a card. The equilibria in stage (ii) are thus those characterized by the lemma. B

The card scheme’s profit (that is, the total profit of the association’s member banks) is zero if ¢5(f) <

0, since merchants will not accept cards, and is equal to

I(f) = (ma+71) A(=¢5(f)) D(f)
if s(f) > 0. Then we have

Proposition 1 Facing monopolistic merchants, a single card scheme sets its interchange fee to solve
bs(f) = 0; that is, at a = a®.

Proof. A single card association maximizes II(f) by choosing f to maximize A (—¢p(f)) D(f) subject to
the constraint ¢g(f) > 0 which ensures merchants accept cards. The constraint is equivalent to f+bg > .
Since A(—¢p(f))D(f) is decreasing in f and the left hand side of the constraint is increasing in f, this
implies the scheme will wish to set f as low as possible subject to the constraint. The constraint will be
binding and the profit maximizing interchange fee solves ¢g(f) = 0, which from Lemma 1 is precisely
the interchange fee a© defined in (7). W

The single card scheme sets an interchange fee which leaves merchants with no surplus from accepting
cards. This occurs when the fee charged to merchants equals the transactional benefits they obtain. This
is also the (constrained) socially optimal level of the interchange fee, given monopolistic merchants. We

have:

Proposition 2 Facing monopolistic merchants, the welfare-mazimizing interchange fee is a = a©.

Proof. See Appendix A.2. B

Although the unconstrained socially optimal interchange fee is higher than a® (it is bg — c4 + 77, S0
that consumers use cards whenever bg +bg > ¢y + ¢4 ), merchants will not accept cards if the interchange
fee is set above a®. The reason the interchange fee is too low here is that, facing stiff merchant resistance
to accepting cards, the card scheme is unable to get merchants to absorb the issuers’ and acquirers’
margins. Instead, consumers who use cards will cover all of these margins, which leads to under-usage
of cards. The fact that some consumers can still get utility from holding cards (even if they cannot use
them) does not affect this conclusion, since these consumers still get the same utility from holding cards
in the case they are able to use them.

In the limiting case of 74 = m; — 0, the profit maximizing interchange fee a® equal bg — c4, which

is also the Baxter interchange fee and the unconstrained socially optimal interchange fee.

2.2 Strategic merchants

In this section merchants may accept cards for strategic reasons, so as to attract customers from each
other. Like Rochet and Tirole (2002), we model this by assuming there are two merchants who compete
in a Hotelling fashion. In particular, consumers are uniformly distributed on the unit interval and the two
merchants are located at either extreme. A consumer located at x faces linear transportation costs of tx
from purchasing from merchant 1 and ¢(1 — ) from purchasing from merchant 2. These transportation
costs can be summarized by the function T;(z) = tx (2 —4) + ¢ (1 — x) (¢ — 1), where ¢ = 1 corresponds
to merchant 1 and ¢ = 2 corresponds to merchant 2. Note that the draws of u, z, and bg are all assumed

to be independent of one another.



The following lemma describes the possible equilibria in stage (ii) of the game.

Lemma 3 Suppose a single card scheme has a card fee of f. If ¢(f) < 0, then competing merchants
reject the card and \(f) = A(0) consumers hold the card. If ¢(f) > 0, then competing merchants accept
the card and A\(f) = A(—op(f)) consumers hold the card.

Proof. We solve the game by working backwards through time. The steps are described in turn.

Stage (iv).

Since consumers face the same price whether paying by card or by cash, they will only use the card
if bg > f and the merchant they buy from accepts the card.

Stage (iii).

When deciding which merchant to buy from, consumers take into account their location in product
space (their exogenous preference for the two merchants), whether or not they hold a card, the price
charged by each merchant, and whether or not the merchants accept the card. A consumer located at x

who buys from merchant ¢ obtains indirect utility equal to
v =v —p; — Ti(z)
if they do not hold a card, and equal to
vi =v—p; +¢p(f)i — Ti(x)

if they hold the card, where I; is an indicator variable which takes the value 1 if merchant i accepts the

card and 0 otherwise. The share of customers that firm 1 will attract is therefore

1

s1= 5+ 5 (2= p + AN (B~ ), )

where A(f) equals the measure of consumers holding cards given the card fee f. Firm 2 attracts a share

$9 = 1 — 51 of consumers. Merchant i’s profit is
™ = i (pi —d = Af)D(f) (m —bs) I;) . (9)

We solve for the Nash equilibrium in this stage by working out each merchant’s profit-maximizing choice of
prices given the share function (8). Solving these best responses simultaneously shows that the equilibrium

prices are

pio= A ANDUL (n—bs) + AP (1~ Ia), (10)

4 A MDD (m — bs) + NG (1o~ ). (1)

P2

Substituting (10) and (11) into (8) and (9) shows that firm ¢ earns an equilibrium profit of

T = 2t8i27 (12)
where ) )
s1=5+ @/\(f)¢(f) (I, — I2) (13)

and so =1 — s7.
Stage (ii).
In this stage we determine equilibria in the subgame as simultaneous solutions of each party’s best

response, conditional on the card fee and merchant fee set by the card scheme in stage (i).



Merchants’ best responses.

To work out merchants’ optimal card acceptance policy we note that, regardless of what the other
merchant does, each merchant will accept cards if doing so increases its equilibrium market share. Thus,
each merchant will accept cards if doing so increases the function A(f)¢(f), where the subscript for each
merchant has been dropped since the function is the same for both merchants. Note that here merchants’
card acceptance policy is determined by ¢ in the same way as it was determined by ¢g in Lemma 2.
Thus, following the identical proof of Lemma 2 but replacing ¢s with ¢, we end up with exactly the same
results for merchant card acceptance, except with ¢g replaced by ¢.

Consumers’ best responses.

Their choice of card-holding depends on the benefits they get from holding a card, which depend on
merchants’ acceptance decisions. Given merchants are symmetric, the above result implies either both
merchants will accept cards, if ¢(f) > 0, or both merchants will reject cards. In this case we can define
I =1, = I,. A consumer’s additional benefit of holding the card is then ¢p(f)I + u. If merchants reject
the card (which happens when ¢(f) < 0), then consumers will hold the card if and only if v > 0. If
merchants accept the card (which happens when ¢(f) > 0), then consumers will hold the card if and
only if u > —¢p(f). The equilibria in stage (ii) are thus those characterized by the lemma. B

Notice from the proof above that card acceptance (that is, I; = 1) does three things. First, it raises
the demand faced by merchant i. It provides consumers with a valuable option from shopping at the
merchant concerned, which is that they can use cards if doing so is convenient for them (bg > f). The
expected value of this option is measured by the term A(f)¢p(f) in the firm’s market share equation
(8). Second, and by symmetry, it lowers the demand faced by the rival firm. Thus, in this model card
acceptance has a business stealing effect. Third, as the firm’s profit equation (9) reveals, card acceptance
changes the merchant’s costs, increasing them if m > bg for the merchant concerned.

We are now ready to characterize equilibrium fee structures at stage (i) of the game. We consider the
profit-maximizing interchange fee. The card scheme’s profit is zero if ¢(f) < 0, since no merchants will

accept cards, and equal to
I(f) = (ma + 1) A(=¢5(f))D(f)
if ¢(f) > 0. We have:

Proposition 3 Facing competing merchants, a single card scheme sets its interchange fee equal to a™,
so that ¢(f(a)) = 0; that is, such that

B(f(a™) +bs =1. (14)

Proof. Since m4 + m; > 0, a single card association maximizes II(f) by maximizing A(—¢p(f))D(f)
subject to the constraint ¢(f) > 0 which ensures merchants accept cards. The constraint is equivalent
to B(f) + bs > 1. Since A(—ép(f))D(f) is decreasing in f and S(f) is increasing in f, this implies that
the card scheme’s profit is maximized by setting f = f, where B(f") + bs = [ and ¢(f!) = 0. The

existence and uniqueness of the corresponding interchange fee a!

was proven in Lemma 1. l
Condition (14) defines the merchant transactional benefits bg, below which both merchants will not
accept cards and above which both merchants will accept cards. Interestingly, this is the same equilibrium

condition that Rochet and Tirole (2002) and Wright (2003a) obtained.® A single card scheme sets a

6To be precise, in Rochet and Tirole’s model the term I on the right hand side is replaced by m. This difference only
arises because in their model the consumers’ fee f is effectively a fixed fee and so occurs regardless of the extent to which
the card is used. Moreover, Rochet and Tirole also found another equilibrium was possible in which merchants with values

of bg slightly above this critical level both reject cards, although they rule out this second equilibrium. In their model,



fee structure which encourages maximal use of cards by consumers while ensuring merchants have just
enough surplus so that they will accept cards. Since merchants compete amongst themselves, they take
into account their customers’ average surplus from using cards in deciding whether to accept cards or
not. Thus, when the card scheme leaves merchants just indifferent between accepting cards or not, it
implies that the expected joint surplus to consumers and merchants from the card scheme are exactly
Zero.

As in Rochet and Tirole (2002), the welfare-maximizing interchange fee is either the same as the

privately chosen interchange fee set by a single scheme, or is lower.
Proposition 4 Facing competing merchants, the welfare-maximizing interchange fee is
av :min{bs—cA—i—m,aH}. (15)

Proof. See Appendix A.3. B

The unconstrained socially optimal interchange fee is the one at which consumers face the joint
costs of using cards less the transactional benefits that merchants obtain. This requires a card fee of
f =ca+cr —bg. Since at this card fee consumers face the full social costs and benefits of their card-
holding decision, including the cost or benefit (u) simply from holding the card, there is no reason to
distort card fees in this model to encourage or discourage additional card-holding. The only reason then
to set a lower interchange fee is if this interchange fee implies merchants fees above which merchants

would accept cards. It is never optimal to exclude merchants and so get no card transactions.

3 Competition between identical card schemes

We modify the model of Section 2 by assuming there are two competing identical card systems. Identical
systems not only have the same costs and issuer and acquirer margins, they also provide the same benefits
to cardholders and merchants. The only distinguishing feature of each card scheme is the fee structure it
chooses. Specifically, each card association i sets an interchange fee denoted a’.

Like the case with a single scheme, we follow Rochet and Tirole (2003, Section 6.2)7 and assume that
for competing card associations

fia")y =cr —a' + 7 (16)

and

m'(a') = ca+a’ +7a, (17)

so that the interchange fee determines the structure but not the overall level of fees. Taking the limit
of the equilibrium fee structure as 7; and 74 tend to zero allows us to capture the case of perfect intra-
system competition.? As before, we define I as the sum of f and m, which, from the fact that the issuers
and acquirers in each scheme are assumed to have the same costs and margins, does not depend on 1.

We also define D* = D (f°), ¢ = ¢ (f*), ¢ = ds (f*), and ¢" = ¢ (f*).

each firm’s acceptance decision is affected by what the other firm does. Due to our different timing assumption, each firm’s

acceptance decision is independent of what other firms are doing, and so we get a unique equilibrium.
7See also Hausman et al. (2003).
8Like Rochet and Tirole (2003) we do not deal with issues of duality, in which banks may be members of both card

associations. See Hausman et al. (2003) for an analysis of duality. A further justification for this form of bank fees is that
it can be used to recover the equilibrium fees that result from competition between two identical proprietary schemes, that

set their fees directly to consumers and merchants. Section 4.1 carries out this exercise.
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In stage (ii) consumers make their card-holding decision, which is now whether to hold none, one or
both cards. Likewise, in stage (ii) merchants now have to decide whether to accept none, one or both
cards. We let A\? be the measure of consumers who hold card i only (singlehoming consumers), and A2
be the measure of consumers who hold both cards (multihoming consumers).

We make use of two tie-breaking conventions. First, we assume if consumers are indifferent about
holding one card or another, they will randomize to determine which card to hold. Second, we assume
that if merchants are indifferent between accepting a card or not because they do not expect consumers
to use the card, they will accept the card if doing so would increase their profits (or at least not decrease
their profits) if some consumers did use the card.

The timing of the game is summarized as follows:

(i). Each payment card association sets the level of their interchange fee a’. Issuers and acquirers
then set fees f¢ and m’ to cardholders and merchants according to (16) and (17). Alternatively, a

proprietary scheme i sets f* and m’ directly.

(ii). Consumers decide which cards to hold (neither, one or both). Merchants decide whether to accept

cards (neither, one or both).
(iii). Merchants set their retail prices. If relevant, consumers decide which merchant to buy from.

(iv). Based on their individual realizations of bp, consumers decide whether to use cards or cash for

payment.

We start again with the case of monopolistic merchants, which, like the analysis of Rochet and
Tirole (2003), allows competition in two-sided markets to be analyzed without considering the strategic
interaction between sellers. Unlike Rochet and Tirole’s analysis of this problem, we first consider the
consumers’ decisions about whether to hold none, one, or both cards, and assume all merchants get the

same benefits from accepting cards.”

3.1 Monopolistic merchants

The following lemma describes the possible equilibria in stage (ii) of the game for any given card fees set

by the schemes in stage (i).

Lemma 4 Suppose two identical card schemes compete, with card schemes 1 and 2 having card fees f!

and f? respectively.

1. If fY = f? then ¢k = ¢% and there are two cases to consider. If ¢ = ¢% > 0, then monopolistic
merchants accept both cards and the singlehoming consumers will randomize over which card to
hold. If qbls = ¢2S < 0, then monopolistic merchants reject both cards and there are no singlehoming

consumers.

2. If f' < f7 then four equilibria are possible at stage (ii). If g%, qﬁjs < 0, then monopolistic merchants
reject both cards and there are no singlehoming consumers. If ¢k, (;% >0 and (A\'+A\12)p% > )\UQZ%,
then monopolistic merchants accept both cards and the singlehoming consumers will only hold card i.

If ¢ > 0, qﬁg < 0, then monopolistic merchants only accept card i and the singlehoming consumers

9In Section 4.2, we consider a case in which all consumers hold both cards and merchants are heterogenous, a case closer

to theirs.
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will only hold card i. If ¢g > 0 and ¢% < 0 then monopolistic merchants only accept card j and the

singlehoming consumers will only hold card j. (If uw > 0, then this equilibrium occurs more generally
if 9% > 0 and ¢l < ¢L.)

Proof. We solve the game by working backwards through time.

Stage (iv).

To characterize consumers’ usage of cards, it is useful to introduce another indicator variable, L?,
which captures the likelihood that, assuming they get a sufficiently high draw of bp (that is bg > f7),
consumers who hold both cards will prefer to use cards from scheme j at merchant i. For the case of
monopolistic merchants, the subscript i is redundant. We retain it here since it will become relevant for
the case of competing merchants considered in the next section. If f! < f2? consumers will prefer to use
card 1 if merchants accept both cards (or just card 1), and will prefer to use card 2 if this is the only
card accepted. We thus define

Li=1}and L] =1} (1-1}) (18)

if f1 < f2. If f' > f? consumers will prefer to use card 2 if merchants accept both cards (or just card

2), and will prefer to use card 1 if this is the only card accepted. We thus define

Ll =1} (1-1?) and L? = I? (19)

K2 K3

if f1 > f2. If f! = f? consumers will be indifferent about which card to use if merchants accept both,
and so will randomize over card usage. If merchants only accept one card, then consumers prefer to use
this card. We thus define

1 1
Lo (1 _ 213) and L2 = 12 (1 - 1> (20)

if f1 = f2.

Provided merchants set their common price p no higher than v, consumers will only use a card if the
transactional benefits of doing so are at least as high as the fee they face. If consumers only hold card
i, they will only use the card if bg > f* and the merchant they buy from accepts the card. The card
use of consumers who hold both cards and draw bp > min{f!, f2} is described by equations (18), (19)
and (20). Alternatively, if merchants set their price above v, then if consumers only hold card 4, they will
only use the card if bg + v > f* + p and the merchant they buy from accepts the card. The card use of
consumers who hold both cards and draw bg > min{f!, f2} + p — v is described by equations (18), (19)
and (20).

Stage (iii).

Given there is a measure 1 of potential consumers, provided a merchant sets its price less than or

equal to v in stage (iii), the merchant’s profit is
T=p—d—AD"'(m'—bs) I' = XN°D* (m* — bg) I* = A" (D' (m" —bs) I'L" + D* (m”* — bg) I’L?)..

Alternatively, a merchant can set p > v, in which case the merchant will only sell to cardholders who use

cards, so that

T o= AlD(fl—l—p—v) (p—d—i—bg—m1)11+)\2D(f2+p—v) (p—d+b5—m2)12
A ((ff+p—v)(p—d+bs—m" ) ['"L'+ D (f*+p—v) (p—d+bs —m?) I’L?).

As we show in Appendix B, it will not be profitable for merchants to set a price above v, and exclude

‘cash customers’ (both those who do not hold a card and those who do not wish to use a card), provided
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the surplus from the good itself is sufficiently large. Instead, merchants will extract all the surplus from

the cash customers by setting p = v, implying merchants earn a profit of
T=v—d+ V¥, (21)

where
U =XNogI" + N2¢I” + A2 (pgI' L' + ¢SI°L?) . (22)

Stage (ii).

In this stage we determine equilibria in the subgame as simultaneous solutions of each party’s best
response, conditional on the card fees and merchant fees set by the two card schemes in stage (i).

The merchant’s best response.

To work out a merchant’s optimal card acceptance policy we note that a merchant will accept cards
if doing so increases the function V.

We must consider two possibilities for consumers’ card-holding. In the first possibility we consider,

no consumers multihome, so that A2 = 0 and the function ¥ is determined by the following table:
| P=0 =1
I'=0 0 A2
I'=1| Mok Mok + 222

Recall that if a merchant is indifferent between accepting and rejecting card i because it does not expect
consumers to use card ¢ (so that accepting the card leaves the function ¥ unchanged), it will accept the
card if doing so increases ¥ when consumers do use card i. This is true if and only if ¢4 > 0. Merchants
therefore adopt the following policy: merchants reject both cards if ¢k, ¢% < 0, accept both cards if
b5, 9% > 0, and accept only card 1 (respectively, card 2) if ¢L > 0 > ¢% (respectively, ¢% > 0 > o).
When all consumers hold at most one card, even though there are two card schemes, the condition that
determines whether merchants accept cards is identical to the case with a single card scheme. Each
individual merchant does not expect to be able to influence the number of cardholders of each type, and
S0 it acts as though these are two segmented groups of consumers.

The second possibility is that some consumers hold both cards, so that A2 > 0. Since L! and L? in

equation (22) depend on the values of f! and f?, we need to consider three different cases.
o If f1 = f? then ¢s = ¢§ = ¢% and equation (20) implies that
U =gs (N T'+ NP2+ A2 (1N + 12 - 1'17)).
In this case the function ¥ is determined by the following table:

| =0 2=1
I'=0 0 (A2 +A12) ps
Il =1 ()\1 + )\12) QbS ()\1 _|_)\2 + )\12) (bS

Merchants’ best response is to reject both cards if ¢g < 0 and to accept both cards if ¢g > 0.
e If f1 < f2, then equation (18) implies that

U =XNogI' + No3I” + N2 (pgI' + ¢31° (1 - 11)).
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In this case the function VU is determined by the following table:
| =0 =1
I'=0 0 (A2 + A12) 92
I'=1] (AP A7) o5 (A +AM12) g8 + A2

Merchants’ best response is as follows: merchants reject both cards if ¢}, ¢% < 0; they accept only
card 1 if ¢% < 0 < ¢k; they accept only card 2 if ¢% > 0 and A2¢% > (A! + A12)¢Y; and they
accept both cards if (A + A12)pL > A2¢% > 0.1

e Exploiting the symmetry with the above case, merchants’ best response is the same except the

superscripts 1 and 2 are swapped.

Consumers’ best responses.
At stage (ii), consumers decide which card(s) to hold, if any. Their choice of card-holding depends
on the benefits they get from holding a card, which depend on merchants’ acceptance decisions. A

consumer’s additional benefit of holding only card 7 is
¢pl' +u,
while the additional benefit of holding two cards is
ppI LY + ¢RI L + 2u.

If merchants reject both cards, then consumers with « > 0 will hold two cards, while consumers with
u < 0 will hold no cards. If merchants accept only card 7, then consumers will hold both cards if u > 0,
will hold only card i if —¢% < u < 0 and will hold neither card if u < —¢%. If merchants accept both
cards but card 7 has a lower card fee than the other card, then consumers will hold both cards if u > 0,
will hold only card i if —¢% < u < 0 and will hold neither card if u < —¢%. If merchants accept both
cards and both cards have the same card fees, then consumers will hold both cards if w > 0, will hold
only a single card if —¢L = —¢% < u < 0 (in which case consumers will randomize over which card they

will hold), and will hold neither card if u < —¢L = —¢%. These results are summarized by the functions
N2 = 1= A(=opL' — ¢3L7),
XN 1) L' (A(=¢5) — A0)),
)\12(.](17 f2) _ A(O),

which give the measure of consumers who hold neither card, just card ¢, or both cards respectively. Note
if = 0 then A'2 = 0 and no consumers multihome.

Equilibria in the subgame.

Using the characterizations of consumers’ and merchants’ best responses, we can look for cases where
both types of users have best responses to each other at stage (ii) — that is, we can look for possible
equilibria in the subgame starting at stage (ii). There are three cases to consider based on the relative

sizes of f! and f2.

10Some of these results require a little thought. For example, consider the conditions required for accepting just card 1
to be optimal. If A2 = 0 then this decision is optimal because the merchant is indifferent between accepting only card 1
and accepting both cards (since consumers will never use card 2); the tie-breaking assumption means that the merchant
will reject card 2 in this circumstance (since ¢2S < 0). On the other hand, if A2 > 0, then accepting only card 1 is optimal

because it leads to a higher value of ¥ than accepting both cards.
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Case 1: f! = f2. In this case ¢§ = ¢%. Then from above, an equilibrium in stage (ii) exists if ¢§, =
(;525 > 0. The merchant accepts both cards and the singlehoming consumers will randomize over
which card to hold. An equilibrium also exists in stage (ii) if (;5}9 = ¢?9 < 0, in which case the

merchant rejects both cards and there are no singlehoming consumers.

Case 2: f! < f2. Then there are four possible equilibria at stage (ii). If ¢, % < 0, there is an equi-
librium in which the merchant rejects both cards and there are no singlehoming consumers. If
b5, 0% > 0 and (A + N2)gL > A2¢% there is an equilibrium in which the merchant accepts both
cards and the singlehoming consumers will only hold card 1. If ¢% > 0, ¢% < 0 there is an equi-
librium in which the merchant only accepts card 1 and the singlehoming consumers will only hold
card 1. If gb% > 0 and gZ)g < 0 there is an equilibrium in which the merchant only accepts card 2
and the singlehoming consumers will only hold card 2. (If @ > 0, then this equilibrium occurs more

generally if ¢% > 0 and ¢} < ¢%.)

Case 3: f! > f2. By symmetry, this is the same as the above case except the superscripts 1 and 2 are

swapped.

|

Note if there are some multihoming consumers (so A2 > 0), there is the possibility of multiple
equilibria in the stage (ii) subgame. This happens if f! < f2, ¢4 > 0, ¢% > 0, A'2¢% > A2¢L and
AL+ A2)0L > A12¢2 or if f1 > f2) gL >0, ¢% > 0, M2pL > A12¢% and (A% + A12)p% > M2pL. The two
equilibria are (a) merchants accept both cards and singlehoming consumers will only hold the card with
lower card fees; and (b) merchants only accept the card with higher ¢ and the singlehoming consumers
will only hold this card. If monopolistic merchants could choose one of these equilibria, they would
choose the latter equilibrium. This maximizes their profits in the subgame. Where there are multiple
equilibria, we select this equilibria in the subgame. An alternative possibility is to select the equilibria in
the subgame in which merchants accept both cards. In this case, there is no (pure-strategy) equilibrium
in the first stage of the game.!!
We start our analysis of stage (i) equilibria by considering the special case in which consumers never

want to hold both cards. This leads to the case of a ‘competitive bottleneck’.

3.1.1 Consumers hold at most one card

With the assumption that consumers get no intrinsic benefit from holding cards (z = 0), we can see
from the characterization of consumers’ best responses at stage (ii) of the game that consumers will not
hold multiple cards. If merchants accept just one card, this is the card consumers will hold, while if
merchants accept both cards, singlehoming consumers will decide which is the best card to hold. Then
if both schemes set the same interchange fee (so ¢s = ¢5 = ¢%), merchants will accept both cards if
¢s > 0 and neither otherwise. When merchants accept both cards, card-holding consumers randomize

over which card to hold, and the members of such card schemes get (in aggregate) profits of

18— 4 2 ACEUNDU)

' This follows because any scheme i can attract all users by slightly undercutting the other scheme’s interchange fee
(and so card fee), provided qﬁis > 0. This would cause schemes to compete by setting high interchange fees to the point
that ¢>fg = 0, at which point the other scheme can attract merchants exclusively by setting a slightly lower interchange fee

(higher card fee) given that some consumers will be holding both cards regardless of the fees.
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If card schemes act to maximize their joint profits they will set their interchange fees so that ¢ = ¢% = 0,
which leads to the highest level of A(—¢g(f))D(f) such that merchants still accept cards. This is the
interchange fee a® defined in (7). We now show this is also the equilibrium outcome from competition

between the two identical schemes.

Proposition 5 If consumers get no intrinsic benefit from holding cards, the equilibrium interchange
fee resulting from competition between identical card schemes facing monopolistic merchants equals a© ;
that is, it solves ¢ps(f(a)) = 0. Merchants will (just) accept both cards and card-holding consumers will

randomize over which card to hold. Fach association shares in half the card transactions.

Proof. The existence of a© was proven in Lemma 1. The next step is to prove that this is an equilibrium
using our analysis of equilibria in the subgame starting at stage (ii). From the analysis of consumers’
best responses at stage (ii) of the game, with u = 0, A2 = A(0) = 0. No consumers will hold both cards.
Note that at a®, ¢L = ¢% = 0. If scheme 1 sets a card fee f! < f(a“), then ¢ < ¢% = 0, merchants will
accept only card 2 and no consumers will hold card 1; scheme 1 will get no card transactions. If scheme
1 sets a card fee f! > f(a®) instead, then either gbls > 0, in which case merchants accept both cards and
no consumers hold card 1, or ¢ < 0, in which case merchants accept only card 2, and no consumers hold
card 1; in either case, scheme 1 will get no card transactions. Thus, this is indeed an equilibrium.

This equilibrium is unique, since if any scheme i sets a fee structure such that ¢fg > 0, then the other
scheme will always want to attract all consumers to hold its card by setting a lower card fee such that
qz% > 0 and d)é < ¢%. The optimal response of scheme i will be to match this fee structure. If any
scheme i sets a fee structure such that ¢% < 0, then merchants will reject its cards and the other scheme
will always want to attract all consumers to hold it cards by setting a fee structure at which merchants
will accept its cards (that is, with ¢f9 > 0). The optimal response of scheme i will be to change its fee
structure so that ¢% > 0. Thus, the only equilibrium is one with ¢% = fg =0. 0

Despite competition between identical schemes, they will each set their interchange fees as though
they are a single scheme maximizing card transactions (and profits). When consumers hold only one card,
the effect of competition between card schemes is to make it more attractive for each card scheme to lower
card fees to attract exclusive cardholders to their network. Cardholders provide each card scheme with a
bottleneck over a merchant’s access to these cardholders. Since with no merchant heterogeneity a single
scheme already sets the interchange fee to the point where merchants only just accept cards, there is no
scope to further lower fees to cardholders by raising merchants’ fees. Thus, despite competition between
the schemes, their fee structure is unchanged from the case of a single scheme. Armstrong (2002) calls this
situation a competitive bottleneck. Wright (2002) analyzes a similar competitive bottleneck that arises
in mobile phone termination. The welfare implications of this equilibrium are exactly as characterized in
Section 2.1. The socially optimal interchange fee is equal to a®.

As we will see in the next section, this competitive bottleneck situation is quite a special one. It

depends on the assumption that all consumers singlehome (hold just one card).

3.1.2 Some consumers hold both cards

Turning now to the case where some consumers get intrinsic benefits from holding cards, the implications
of the resulting multihoming of consumers is dramatic. Rather than extracting all of the merchants’
surplus, identical card schemes will compete by setting their interchange fee to maximize ¢%, the ex-
pected surplus to merchants from accepting cards. The (pure-strategy) equilibrium interchange fee is

characterized in the following proposition.
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Proposition 6 If some consumers get intrinsic benefits from holding cards, the equilibrium interchange
fee resulting from competition between identical card schemes facing monopolistic merchants equals a™,
which mazximizes gf)g, the expected surplus to merchants from accepting cards. Merchants accept both cards
and singlehoming consumers randomize over which card to hold. The measure of multihoming consumers
is

AM (aM) = A(0),

the measure of consumers not holding cards is
M (aM) =1-A(=¢5 (f (a™))) .
and the measure of singlehoming consumers is
A (™) = A (=05 (f (a™))) = A(0).

Proof. The existence and uniqueness of a™ was proven in Lemma 1. From the analysis of consumers’
best responses at stage (i) of the game, A2 = A(0) > 0. Some consumers will hold both cards. We
use this property and the analysis of equilibria in the stage (ii) subgame to show that a™ represents an
equilibrium interchange fee.

Any scheme (say scheme 1) that sets a higher card fee f! (lower interchange fee), will result in ¢} < ¢%,
so will imply an equilibrium at stage (ii) in which merchants accept both cards and the singlehoming
consumers will only hold card 2. The measure of each type of consumer A, A5 and AM will not change
since singlehoming consumers will get the same benefits from holding card 2, as previously they obtained
from randomizing over which card to hold. Scheme 1 will get no card transactions.

Any scheme (say scheme 1) that sets a lower fee f! (higher interchange fee), will result in ¢} < ¢%, so
will imply an equilibrium at stage (ii) in which merchants will only accept card 2 and the singlehoming
consumers will only hold card 2. Again, the measure of each type of consumer will not change since
singlehoming consumers will get the same benefits from holding card 2, as previously they obtained from
randomizing over which card to hold. Again, scheme 1 will get no card transactions.

Thus, scheme 1 does strictly worse by setting a higher or lower interchange fee than that which
maximizes ¢g, proving that this is an equilibrium.

It remains to prove that this equilibrium is unique. Suppose that it is not. Then there exists some
other equilibrium in which one scheme (say scheme 1) sets an interchange fee such that ¢} < @uax.
It is straightforward to show that scheme 2’s best response is to set a different interchange fee so that
q% > qS}g, in which case it attracts all card transactions. Thus, there can be no other equilibrium. B

In equilibrium, both schemes set their interchange fee at the level a™, and merchants accept both
schemes’ cards. This maximizes the expected surplus to merchants from accepting cards. Competition
drives cards schemes to offer the maximal profit to merchants from card acceptance, in an attempt to have
their card accepted exclusively, thus obtaining all card transactions. In equilibrium each card scheme
shares equally in the card transactions.

M

The equilibrium interchange fee a™ can be compared to the interchange fee that maximizes the

schemes’ joint profits when merchants are monopolists — the interchange fee a® defined in (7).

Proposition 7 When some consumers get intrinsic benefits from holding cards, the equilibrium inter-
change fee resulting from competition between identical card schemes facing monopolistic merchants leads
to an interchange fee lower than that which mazimizes the schemes’ joint profit (or joint card transac-

tions).
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Proof. The result a™ < o was proven in Lemma 1. B

C is also the constrained socially optimal interchange fee for the case with monopolistic mer-

Since a
chants, the competitive interchange fee here must be below the socially optimal interchange fee, even in

the limit case w4 = 7wy — 0.

Proposition 8 When some consumers get intrinsic benefits from holding cards, the equilibrium inter-
change fee resulting from competition between identical card schemes facing monopolist merchants leads

to an interchange fee lower than that which maximizes overall welfare.

Proof. See Appendix A.4. B
By taking into account only the interests of one side of the market (merchants), the interests of the
other side (consumers) are ignored. This results in card fees that are set too high and merchant fees that

are set too low.

3.2 Strategic merchants

We now move to the case of competing card schemes and competing merchants. The analysis follows
directly from that of monopolistic merchants. The main difference is that competing merchants accept
cards to attract business from each other, so that attracting merchants now involves taking into account
the surplus offered to their customers as well.

We first characterize equilibria at the stage (ii) subgame in which consumers decide which card(s) to

hold and merchants decide which card(s) to accept.

Lemma 5 Suppose two identical card schemes compete, with card schemes 1 and 2 having card fees f*

and f? respectively.

1. If f' = f? then ¢' = ¢* and there are two cases to consider. If ¢* = ¢> > 0, then competing
merchants will accept both cards and the singlehoming consumers will randomize over which card
to hold. If ' = #? < 0, then competing merchants reject both cards and there are no singlehoming

consumers.

2. If f* < f7 then four equilibria are possible at stage (ii). If ¢*, ¢’ < 0, then competing merchants
reject both cards and there are no singlehoming consumers. If ¢*, ¢ > 0 and (' + A\12)¢t > A\12¢7
then competing merchants will accept both cards and the singlehoming consumers will only hold
card i. If ' > 0, ¢/ < 0, then competing merchants will only accept card i and the singlehoming
consumers will only hold card i. If ¢ > 0 and ¢' < @7, then competing merchants will only accept

card j and the singlehoming consumers will only hold card j.

Proof. We solve the game by working backwards through time.

Stage (iv).

As in Lemma 4, if consumers only hold card i, they will only use the card if bg > f* and the
merchant they buy from accepts the card. The card use of consumers who hold both cards and draw
bp > min{f!, f2} is described by equations (18), (19) and (20).

Stage (iii).

Consumers take into account the price charged by each merchant when deciding which merchant to

buy from, as well as their location in product space (their exogenous preference for the two merchants),
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whether they hold each of the cards, and whether the merchants accept each of the cards. A consumer

located at x who buys from merchant i obtains indirect utility equal to
v; =v—p; — T;(2)

if they hold neither card, equal to
vi =v—pi+ BT — T, (z)
if they just hold card j, and equal to
vi =v—pi+¢pli L + ¢RI LT = T (x)
if they hold both cards. Then the share of consumers that firm 1 will attract is

1 1
S1= 5ty (p2—p1+)\1¢}3 (11 = I3) + N (IT - I3) (23)

N2 (B4 (ALY — ILLY) + 64 (122 — I2L2) ) |

while firm 2 attracts s = 1 — s; of the consumers.
The next step is to determine the merchants’ equilibrium prices conditional on the cards held by

consumers and the cards accepted by merchants. Merchant ’s profit is
o= s (pi —d— XD (m! = bg) I — A2D? (m? — bg) I2 (24)

— N2(D' (m' — bs) I L} + D? (m? — bs) IP12) ).

We solve for the Nash equilibrium in this stage by working out each merchant’s profit-maximizing choice
of prices given the share function (23). Solving these best responses simultaneously implies that the
equilibrium price p; is

p; =t +d+ N D'IHm! —bg) + N2D?I2(m? — bs) + A'2(D' I} L} (m' — bg) + D?*I2L? (m? — bg))

(25)

1
NG = I1) + (12— 12) + N8N (L LE - T + P (P2 - I212))).

Substituting (25) into (24) and simplifying terms, it can be shown that firm ¢ earns an equilibrium profit

of m; = 2ts?, where

=gt (wl (I} = 1) + A262 (12 — I2) + N2 (1 (1L} — ILLY) + 62 (1213 — fng))> (26)
and sy =1 — s7.

Stage (ii).

In this stage we determine equilibria in the subgame as simultaneous solutions of each party’s best
response, conditional on the card fees and merchant fees set by the two card schemes in stage (i).

Merchants’ best responses.

To work out merchants’ optimal card acceptance policy we note that, regardless of what the other
merchant does, each merchant will accept cards if doing so increases its equilibrium market share. Thus,

each merchant will accept cards if doing so increases the function
(I):A1¢111+A2¢212+A12(¢111L1+¢212L2), (27)

where the subscript for each merchant has been dropped since the function is the same for both merchants.

Note that here merchants’ card acceptance policy is determined by ® in the same way as it was determined
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by ¥ in Lemma 4. Thus, following the identical proof of Lemma 4 but replacing ¢% with ¢, we end up
with exactly the same results, except with ¢g replaced by ¢'. B

As was the case for monopolistic merchants, if there are some multihoming consumers, multiple
equilibria in the stage (ii) subgame are possible. The analysis of these multiple equilibria parallels that
with monopolistic merchants where ¢% is replaced by ¢'. With competing merchants, we select the
equilibria in the subgame that consumers and merchants would choose if they got together to choose
one. As before, an equilibrium in the full game does not exist if the other equilibrium is selected in the
subgame.

One interesting implication of Lemma 5 is that individual merchants will not necessarily prefer the
card scheme with the lowest merchant fee. Individual merchants also care about the fees consumers will
face from using cards (if cards are beneficial for merchants, they will want consumers to use them more),
and the benefits consumers obtain from using cards (reflecting the fact that this allows merchants to
attract more customers by accepting cards). Both aspects are combined in the function ¢.

We start our analysis of stage (i) equilibria by considering the special case in which consumers never
want to hold both cards. Like the case with monopolistic merchants, this results in a competitive
bottleneck. Despite competition between schemes, each scheme sets its interchange fee at the same level

as that set by a single monopolist scheme.

3.2.1 Consumers hold at most one card

Given Lemma 5 parallels the results of Lemma 4 with (Z)is replaced by ¢?, in the case consumers get no

intrinsic benefit from holding cards (uw = 0), Proposition 5 becomes:

Proposition 9 If consumers get no intrinsic benefit from holding cards, the equilibrium interchange fee
resulting from competition between identical card schemes facing competing merchants equals a''; that is,
it solves ¢(f(a)) = 0. Merchants will (just) accept both cards and card-holding consumers will randomize

over which card to hold. Each association shares in half the card transactions.

Proof. The existence of a'! was proven in Lemma 1. The next step is to prove that this is an equilibrium
using our analysis of equilibria in the subgame starting at stage (ii). From the analysis of consumers’
best responses at stage (ii) of the game, with @ = 0, A2 = A(0) = 0. No consumers will hold both cards.
Note that at a', ¢' = ¢?> = 0. The rest of the proof follows identically to the proof of Proposition 5,
except with ¢g replaced by ¢ everywhere. B

Again we have the case of a competitive bottleneck. Thus, despite competition between the schemes,
their fee structure is unchanged from the case of a single scheme facing competing merchants. The
welfare implications of this equilibrium are exactly as characterized by Proposition 4. The socially optimal

interchange fee is either equal to a'' or is lower.

3.2.2 Some consumers hold both cards

In this case we allow some consumers to obtain positive intrinsic benefits from holding cards (so @ > 0).
As with monopolistic merchants, the implication for card scheme competition of this multihoming is

dramatic.

Proposition 10 When some consumers get intrinsic benefits from holding cards, the equilibrium inter-

change fee resulting from competition between identical card schemes facing competing merchants equals
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a%, which mazimizes ¢, the expected joint surplus to consumers and merchants from using cards. Mer-
chants accept both cards and singlehoming consumers randomize over which card to hold. The measure

of multihoming consumers is

the measure of consumers not holding cards is
A (a€) =1 = A(=¢5 (1 - bs)).
and the measure of singlehoming consumers is
A (a9) = A(=¢p (1—bs)) — A(0).

Proof. Lemma 1 proved there exists a unique interchange fee a® which maximizes ¢*. From the analysis
of consumers’ best responses at stage (ii) of the game, A\'> = A(0) > 0. Some consumers will hold
both cards. We use this property and the analysis of equilibria in the stage (ii) subgame to show that
a® represents an equilibrium interchange fee. The rest of the proof follows identically to the proof of
Proposition 6, except with ¢g replaced by ¢ everywhere. B

In equilibrium, both schemes set their interchange fee at the level a®, and merchants will accept
both schemes’ cards. The equilibrium involves merchants controlling which card is used by choosing
which card to accept. Competition drives cards schemes to offer maximal profit to merchants, in an
attempt to have their cards accepted exclusively, thus obtaining all card transactions. Since merchants
compete amongst themselves, they take into account consumers’ average surplus from using cards, so that
competition between card schemes to attract merchants results in card schemes maximizing the expected
joint surplus of end users (the expected joint net transactional benefits to consumers and merchants from
using cards). In equilibrium each card scheme shares equally in the card transactions.

These interchange fees can be compared to the interchange fee that maximizes the schemes’ joint

profits — the interchange fee a'' defined in equation (14).

Proposition 11 When some consumers get intrinsic benefits from holding cards, the equilibrium inter-
change fee resulting from competition between identical card schemes facing competing merchants leads to

an interchange fee lower than that which mazimizes the schemes’ joint profit (or joint card transactions).

Proof. The result a® < a! was proven in Lemma 1. W

Thus, competition between card schemes results in an equilibrium in which card schemes are jointly
worse off, as there are fewer total card transactions compared to the case without competition. A more
interesting comparison is whether the competitive interchange fee is higher or lower than the welfare

maximizing interchange fee.

Proposition 12 When some consumers get intrinsic benefits from holding cards, the equilibrium inter-
change fee resulting from competition between identical card schemes facing competing merchants leads

to an interchange fee lower than that which maximizes overall welfare.

Proof. See Appendix A.5. B

Competing card schemes end up setting an inefficiently low interchange fee. They charge merchants
too little, and cardholders too much. Despite the fact competing schemes maximize the expected surplus
of end users, the competing card schemes set card fees too high from an efficiency perspective. They

pass on their margins w4 + 77 to cardholders, resulting in a distortion in the fees faced by consumers.
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Table 1: Summary of results

Single scheme Competing Schemes Social Planner Relationships
7 <0 u >0
Monopoly a* =a® a* =a® al* = aM aV =a® al* < aV =a* =a**
Hotelling a* = all a** = gl ayt = a® aVv al* < aV < a* =a**

Notes. a* is the interchange fee which a single card scheme would choose, a** is the equilibrium interchange
fee resulting from competition between identical schemes when consumers hold at most one card, a3* is the
equilibrium interchange fee resulting from competition between identical schemes when some consumers hold

both cards, and a"V is the welfare-maximizing interchange fee.

When interchange fees are increased by the margins w4 + 77, consumers will use cards if and only if
the joint surplus exceeds the joint cost (efficient usage), while merchants will still accept cards (provided
B(f)—f = ma+mr). Only in the limit as 74 = 77 — 0 will equilibrium fees be set at the socially optimal
level. In this case a® = bg — c4 and m = bg. This is the interchange fee that Baxter found was optimal

— it ensures cards are only used when the joint surplus exceeds joint cost.

3.3 Summarizing results

Our results are summarized in Table 1. With both forms of merchant behavior considered, when con-
sumers only hold one card, competition between card schemes does not result in lower interchange fees.
In this case, by attracting cardholders, card schemes have a monopoly over access to these cardholders.
This leads competing card schemes to care only about the surplus they can offer to cardholders, leaving
no surplus to merchants (the case of a competitive bottleneck). This competitive bottleneck outcome can
be undermined provided some consumers hold both cards. Then the unique equilibrium involves compet-
ing card schemes seeking to attract merchants exclusively by offering maximal incentive for merchants
to accept their cards. In the case of a monopoly merchant, this implies maximizing the expected surplus
offered to merchants. In the case of competing merchants, this involves maximizing the expected joint
surplus of consumers and merchants, given that competing merchants take into account the benefit that
their customers get from being able to use cards. In either case, interchange fees are lower as a result of
competition between the card schemes.'?

Interchange fees are also lower when there is a monopoly merchant rather than competing merchants.
This is true both for the case without scheme competition (because a® < a') and for the case with
scheme competition (because a™ < a®). When merchants compete amongst themselves, card schemes
will charge more to merchants and less to cardholders. Competition between merchants makes them less
resistant to accepting cards, as card acceptance becomes a strategic device to attract customers. In this
case, the business stealing effect can be responsible for inefficiently high merchant fees (and low card
fees), while competition between schemes can be responsible for inefficiently low merchant fees (and high
card fees). When the two effects are combined, so there is competition between schemes and between
merchants, the equilibrium interchange fee turns out to be the same as the case without competition
between schemes and without competition between merchants. The two types of competition exactly

offset, and the resulting interchange fee is still inefficiently low, but only to the extent that issuers and

12Proposition 7 implies a™ < € for the monopoly merchant case, and Proposition 11 implies a© < a™ for the competing

merchants case.
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acquirers obtain positive margins.!?

4 Extensions and implications

In Section 4.1 we consider what our analysis implies about competition between proprietary schemes
such as American Express and Discover Card. Section 4.2 discusses some implications of merchant
heterogeneity. Section 4.3 examines how the existence of cash-constrained consumers affects results.
Some policy implications are discussed in Section 4.4, while Section 4.5 considers what our analysis

suggests about competition in some other two-sided markets.

4.1 Competing proprietary schemes

In Section 3 we considered the case of competition between card associations, each of which sets an
interchange fee to achieve its desired fee structure. It is also straightforward to determine what two
competing proprietary schemes, which set the fees f and m directly, will do. Note that the profit of
proprietary card scheme ¢ is

I = (f'+m' —ca — )T, (28)
where T" is the number of card transactions on system 1.

In the cases we have considered, the results easily extend to two competing proprietary schemes. In
each case, the analysis from stage (ii) onwards is the same as before since this assumed the fees f* and
m® were taken as given. At stage (i) any equilibrium involving competition between identical proprietary
schemes will involve the sum of their fees f+m being driven down to cost ¢4 +cy. Out of all fee structures
that satisfy these constraints, only the structure of fees characterized in Section 3 will be equilibria. The
equilibrium fees in the case of competing proprietary schemes then correspond to those implied by the

interchange fees resulting from Section 3 in the limit as m4 = w; — 0. We therefore get

Proposition 13 If consumers get no intrinsic benefit from holding cards (consumers singlehome), the
equilibrium fees resulting from competition between identical proprietary schemes facing monopolistic

merchants are characterized by f* = ca + ¢y —bs and m* = bg.

Proposition 14 If some consumers get intrinsic benefits from holding cards (consumers multihome),
the equilibrium fees resulting from competition between identical proprietary schemes facing monopolistic

merchants are characterized by
h(f*)(f" +bs —ca—cr) = D(f7)
and m* =cs +cy — f*.

Proposition 15 If consumers get no intrinsic benefit from holding cards (consumers singlehome), the
equilibrium fees resulting from competition between identical proprietary schemes facing competing mer-

chants are characterized by B(f) = ca + ¢r —bs and m* = ca +cr — f*.

Proposition 16 If some consumers get intrinsic benefits from holding cards (consumers multihome),
the equilibrium fees resulting from competition between identical proprietary schemes facing competing

merchants are characterized by f* = ca + ¢y —bs and m* = bg.

13While this exact offset is likely to be a specific feature of our model, the presence of the two offsetting effects should be

more general.
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The first and fourth case correspond exactly to the socially optimal set of fees. In the second case, card
fees are set too high and merchant fees too low. In the third case, card fees are set too low and merchant
fees too high. These results are no different from the case of competing identical card associations in the

limit as intra-platform competition drives issuing and acquiring margins to zero.

4.2 Merchant heterogeneity

In this section we follow Wright (2003a) and consider the case in which there are many industries, each
of which has a different value of bg (in some industries, being able to accept cards is more useful than
in others). The random variable bg is drawn with a positive density g(bs) over the interval [bg,bs],
and a cumulative distribution denoted G. Apart from this form of heterogeneity, industries are all alike.
The particular draws of bg are assumed to be unobserved by the card schemes, and are assumed to be
independent of all the other draws. Consumers are exogenously matched to all the different industries,
and so without loss of generality they buy one good from each industry. The merchants’ (sellers’) “quasi-
demand” function which measures the proportion of merchants with transactional benefits above some
level bg is denoted S(bs) =1 — G(bs). The timing is the same as in the benchmark model.

We start by considering the case with a single card scheme and a monopoly merchant in each indus-
try.'4 From Lemma 2, a monopolist merchant will reject the card if ¢5(f) < 0 and will accept a card
if ps(f) > 0. Recall ¢s(f) = D(f) (f +bs — 1), so that merchants with bg > I — f will accept cards
and others will not. There are therefore S (I — f) = 1 — G (I — f) merchants that accept cards.!’® A
consumer’s benefit from holding the card is then ¢5(f)S (I — f) + u, since a consumer gets an expected
surplus of ¢p(f) from using their card at each merchant, and there are S (I — f) merchants that accept
cards. The term w is the consumer’s intrinsic benefit of holding a card. It follows that consumers will
hold a card if u > —¢p(f)S (I — f), and not otherwise.

The card scheme’s profit (that is, the total profit of the association’s member banks) is then equal to

I(f) = (ma+m1) A(=¢(f)S (L= ) D(f)S - [),

since there are A(—¢p(f)S (I — f)) consumers holding a card and each of them will use their card a
proportion D(f) of the time at a measure S (I — f) of merchants. Then a single card scheme sets an
interchange fee (or equivalently a card fee) to maximize II(f). This fee does not afford any useful
interpretation.

As the above case demonstrates, it is difficult to obtain general results on the equilibrium interchange
fee under merchant heterogeneity. This difficulty is heightened when there is also competition between
payment schemes. One case which does afford a general interpretation under scheme competition is that
in which all consumers hold at most one card. In this case we continue to get the competitive bottleneck
outcome found without merchant heterogeneity. Schemes will compete by seeking to attract cardholders
exclusively, and access to these cardholders becomes the bottleneck for merchants. However, unlike the
case with homogenous merchants, the competitive bottleneck now results in competing schemes setting
interchange fees that are too high, even from their own perspective.

We first characterize the equilibrium at stage (ii) in the game.

141n each case below, we note how the analysis changes when merchants compete in a Hotelling fashion.
I5For the case with competing merchants in each industry, the condition for merchant acceptance ¢s(f) > 0 is replaced

by the condition ¢(f) > 0. This implies f is replaced by B(f) in the function G below, and the function S below will change

as a result. Other than this one modification, the analysis is unchanged in what follows.
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Lemma 6 Suppose two identical card schemes compete, with card schemes 1 and 2 having card fees f!
and f2 respectively. Suppose consumers can hold at most one card. Then S* =1—G (l — fl) momnopolistic
merchants accept card i, and consumers hold card i if ¢%3S* > d)%Sj and u > —¢%St, will randomize

over which card to hold if ¢5S" = ¢%87 and u > —¢'58*, and will not hold card i otherwise.

Proof. Working back to stage (ii), a merchant’s profit from accepting cards is identical to the case of
a single merchant, for a given number of cardholders and given fees (that is, the analysis is identical to
Lemma 4). Given no consumers hold both cards, merchants adopt the following policy: the merchant
rejects both cards if ¢1S, gZ)QS < 0, it accepts both cards if ¢}9, gz525 > 0, and it accepts only card 1 (respectively,
card 2) if p% > 0 > ¢% (respectively, ¢% > 0 > ¢L). This implies merchants with bg > [ — f* will accept
card 4, and others will not accept card i, so that there are S =1 -G (l — fi) merchants that accept card

i. A consumer’s additional benefit of holding just card i is
¢S 4 u.

As a result, consumers will all hold the card with highest value of ¢%3S? provided u > —¢%S?, will
randomize over which card to hold if ¢%S" = (beSj and u > —¢%S?, and will not hold card i otherwise.
|

When consumers hold at most one card, competing schemes will seek to have their card held exclusively
by consumers. This gives them a bottleneck over access to these consumers by merchants. If merchants
want their customers to be able to use cards, then from the perspective of the merchant each card scheme
(with its exclusive set of cardholders) is like a monopoly supplier. Then if both schemes set the same
interchange fee (so ¢s = ¢y = qﬁ%), the merchants accept both cards if ¢g > 0 and neither otherwise.
When the merchant accepts both cards, card-holding consumers randomize over which card to hold, and
the members of such card schemes get (in aggregate) profits of

A(=¢5()S U= HD(f)S U~ f)

H1:H2:(7TI—|—7TA) 5

If card schemes act to maximize their joint profits, they will set their interchange fees so as to maximize
A(=opp(f)SUI — f))D(f)S(l — f). This implies the same interchange fee as we found for the case with
a single scheme. The following proposition characterizes the equilibrium interchange fees arising from

competition between schemes.

Proposition 17 If consumers hold at most one card, the equilibrium interchange fee resulting from com-
petition between identical card schemes facing monopolistic merchants is that which mazximizes consumers’
expected surplus from holding a card ¢p(f)S (I — f). At these interchange fees, a merchant that accepts
one card will accept both cards and card-holding consumers will randomize over which card to hold. Fach

association shares in half the card transactions.

Proof. If any scheme sets a lower or higher card fee f, it will no longer get any cardholders and therefore
any card transactions. This equilibrium is unique since if any scheme i sets a fee structure such that
o5(f)S (I — f) is not maximized, then a single scheme can always adjust f to offer more to consumers
from holding its card, which will result in its card being held exclusively. B

The expected surplus from holding a card is the product of ¢ (f), the expected surplus a cardholder
obtains from being able to use the card for a purchase, and S(I — f), the proportion of merchants that
accept cards. The expected surplus a cardholder obtains from being able to use their card for a purchase

can be further broken down into the product of 5(f) — f, the surplus they obtain from using a card for a
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purchase, and D(f), the proportion of times the consumer would want to use a card for a purchase. Thus,
the expected surplus which the card schemes will attempt to maximize can be expressed as the product of
the surplus from using a card for a purchase and D(f)S (I — f), the number of transactions using cards.
Since a single scheme (or two schemes acting jointly) will maximize member profits by maximizing the
number of transactions using cards, competing schemes will set a higher interchange fee (and lower card

fee) if doing so raises the surplus to consumers from using cards for a purchase. We thus get that!¢

Proposition 18 If 3(f) — f is decreasing in f, then the equilibrium interchange fee resulting from
competition between identical card schemes when consumers hold at most one card cannot be below the

joint profit maximizing interchange fee.

Proof. Suppose both schemes set interchange fees at a*, the equilibrium interchange fee resulting
from competition between identical schemes, which maximizes ¢g(f)S (I — f). This interchange fee
also maximizes A (—¢p(f)S (1 — f)) é5(f)S (I — f), since A is a monotonically decreasing function. This

can be rewritten as 6(f) = (3(f) — f) T(f), where T(f) = A (= (B(f) — £) D(f)S (L = £)) D(H)S( - f)

is proportional to the joint profit of the two schemes. It follows that
0(f) <0(f*) V<[
Since S(f) — f is decreasing in f for all f, then
B —f=8()—f" V<[

Since 0(f) and B(f) — f are both nonnegative for all f, it follows that

06U
B~ 1 = B~ I

Therefore argmax; T'(f) > f* and the joint profit maximizing interchange fee cannot be above the

T(f) =

=T(f") YIi<f

equilibrium interchange fee a*. W

The intuition behind the result is simple. Holding constant the fraction of cardholders on each scheme,
card schemes will maximize their respective profits by acting as though they do not face any competition.
The market is effectively segmented. At this point, a small change in a scheme’s interchange fee will
have only a second order impact on the number of card transactions. However, a small increase in a
scheme’s interchange fee will have a first order impact on the average surplus consumers get from using
cards. If the average surplus to those using cards increases when the interchange fee is increased above a*,
each card scheme will set interchange fees too high in an attempt to get consumers to switch to holding
their card exclusively, an effect which ends up reducing the total number of card transactions and their
members’ profits.'”

We can contrast the above case in which consumers hold at most one card to the case in which all
consumers (that is, measure 1) hold both cards (which would arise if u > 0 for all consumers). We
continue to assume all merchants are monopolists. Given consumers hold both cards, we only need to

solve at stage (ii) for merchants’ optimal decision for card acceptance. From Lemma 4, it follows that

Lemma 7 Suppose two identical card schemes compete, with card schemes 1 and 2 having card fees f*

and f? respectively. Suppose consumers hold both cards.

16 An earlier version of this paper (Guthrie and Wright, 2003) demonstrates the same result holds for the case in which

merchants compete in a Hotelling fashion.
7The condition in Proposition 18 is satisfied if the consumer quasi-demand for card use is linear (bp follows the uniform

distribution). Then B(f) — f = (b — f)/2, so that B(f) — f is decreasing in f.
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1. If fY = f2 then ¢k = ¢% and there are two cases to consider. If ¢y = ¢% > 0, then monopolistic

merchants accept both cards. If q% = (;5% < 0, then monopolistic merchants reject both cards.

2. If f* < f7 then four equilibria are possible at stage (ii). If ¢, (;% < 0, then monopolistic merchants
reject both cards. If gi)fg, jS >0 and @Y > d)é, then monopolistic merchants accept both cards (but
only card i gets used). If ¢% > 0, (bfg < 0, then monopolistic merchants only accept card i. If qﬁfg >0

and ¢l < ¢g, then monopolistic merchants only accept card j.

Proof. Given u > 0 for all consumers, all consumers will hold both cards to obtain the instrinsic benefits
of the cards (as well as to obtain any usage benefits). Working back to stage (ii), a merchant’s profit
from accepting cards is identical to the case of a single merchant, for a given number of cardholders and
given fees. The results then follow directly from applying Lemma 4 when all consumers hold both cards.
|

Turning now to competition between schemes at stage (i), identical card schemes will compete by
setting their interchange fee to attract merchants. We consider two cases. With equal interchange fees,
consumers randomize over which card to use, and each card scheme receives half the card transactions.
Lemma 7 implies scheme profits are
DHSI-f)

2
In the second case, scheme 1 sets a lower interchange fee.!® Then f! > f2, and D(f') < D(f?). Define
_ D(A)J - DS
D(f?)-D(f')

For industries with bg > | — b(f!, f?), merchants will accept cards from both schemes (but only card

' =11% = (7 + 74)

b(f, £%)

(29)

2 will be used). Only merchants with high transactional benefits of accepting cards will be willing to
accept the more expensive card knowing consumers will always use it. Merchants with bg between [ — f!
and [ — b(f!, f?) will only accept cards from scheme 1, the cheaper card to accept. Merchants with yet

lower transactional benefits of accepting cards will not accept either card. Scheme 1’s profit is thus

' = (77 +7a)D(fY) (S (l — fl) -5 (l — b(fl,fz))) ,
while scheme 2’s profit is
12 = (m1 +ma)D(f*)S (1 = b(f1, F?)) -
A symmetric equilibrium in which both schemes set the same interchange fee a* (and therefore the same
card fee f*) requires that

D(f*)SU—f*)

. > D(fY) (S (1= f1) =S {I=b(f' 1))

for any fee f! > f* and

w > D(fY)S (1 = b(fY, £))

for any fee f! < f*. The nature of the equilibrium, if any, depends on the specific distributions on bp and

bs. A case in which there is an explicit solution is the case in which bg and bg are distributed uniformly

(so that quasi-demand functions are linear).

Proposition 19 If consumers hold both cards and quasi-demand functions are linear, the equilibrium
interchange fee resulting from competition between identical card schemes facing monopolistic merchants

is for both schemes to set ag = % (55 —cq — 7rA) — % (1_73 —cr — m).

18The case in which it sets a higher interchange fee follows by symmetry.
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Proof. A symmetric equilibrium in which both schemes set the same interchange fee a* requires that

D(f)S U= f)

5 >D(fY(S(—f) =S -b(f' 1)) (30)

for any lower interchange fee (so f! > f*) and

D(f5S (- f* "
PUDSUZT) S pipns - vs. 1) (31)
for any higher interchange fee (so f1 < f*).
With the uniform distribution on bp and bg, profits at the proposed equilibrium are
D(f") (bs - (l—f*))
2 bs — bg .

Now consider the limit of scheme 1’s profits as its interchange fee approaches the proposed symmetric

equilibrium at a* from below. This implies f! > f2 = f*, so that

DY S (= 1) = S (=007, 17) = D) (32 :bfs) |

Thus, (30) will be violated for a sufficiently small decrease in scheme 1’s interchange fee (increase in card
fee) if
1, - —
f* < §(2bB_bS+l)
Alternatively, consider the limit of scheme 1’s profit as its interchange fee approaches the proposed
symmetric equilibrium at a* from above. This implies f! < f2 = f*, so that

Es—l-}-?f*—EB)
bs — bg .

DS (1=u(s", 1) = D5
Thus, (31) will be violated for a sufficiently small increase in scheme 1’s interchange fee if
1 - _
fr> §(2bB—b5+l).

Thus, the only potential candidate for a symmetric equilibrium is when

1. -
f*=§(2b3—bs+l),

which corresponds to the interchange fee

(Es—CA—ﬂ'A)—Q(Z_)B—CI—WI)
3 .

ag = (32)

To confirm this is an equilibrium, note that if scheme 1 sets a lower interchange fee, then its card

transactions
D(fY(S(—f) =S (=b(f' 1))
will decrease since D(f!) will decrease and S (l — fl) ) (l —b(fL, f*)) is independent of f!. Alterna-

tively, if scheme 1 sets a higher interchange fee (so that f' < f*), then its card transactions

D(fHS (1 —b(f*. f)
will decrease as

d(D(HS (1=b(f', %))  bs—l+2f 4 f* —2bp
da' ~ (bp —bp) (bs —bg)
55—[-1-3]”—2?)3
(EB *IJB) (ES *bs)
= 0.
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To see why there are no asymmetric equilibria, note that if scheme 1 sets a lower interchange fee than

scheme 2, then, as shown above, its card transactions
D(fY (S (= f1)=s{—0b(f' %))

will decrease since D(f') will decrease and S (I — f') — S (I —b(f*, f?)) is independent of f'. This is
true regardless of firm 2’s interchange fee. Thus, scheme 1 will always want to set its interchange fee as
close as possible to scheme 2’s interchange fee (that is, an infinitesimal amount less than a?). Clearly
there can be no asymmetric equilibrium. B

The equilibrium above can be compared to the joint profit maximizing and socially optimal interchange
fees. If the schemes maximize their joint profits given all consumers hold both cards, they will set a

common interchange fee to maximize

(mr +ma) D(f)S (L= [),

while a social planner will set the interchange fee to maximize

(Ba(f) +Bs (= f) —ca—c) D(f)S(I = f).

Given the assumption of a linear quasi-demand functions, S8 (f) + 8s (I — f) — ca — ¢y is a constant,
and the profit maximizing and socially optimal interchange fee coincide. (Schmalensee, 2002 and Wright,

2003a obtain the same result in somewhat different settings.) The socially optimal interchange fee is

w  (bs—ca—ma)— (b —cr —7r)
CLU: .

2

Comparing this to the equilibrium interchange fee resulting from competition between schemes, it follows

using (3) that:

Proposition 20 If consumers hold both cards and quasi-demand functions are linear, the equilibrium
interchange fee resulting from competition between identical card schemes facing monopolistic merchants
leads to an interchange fee lower than that which maximizes the schemes’ joint profit, and than that which

mazimizes welfare.

Proof. The result follows since

(Es—CA—WA)—Q(Z_)B—C[—TU) B (Es—CA—TFA)—(BB—C[—ﬂ'[) _Z—BB—ES
3 2 B 6

<0

given (3). W

Allowing for merchant heterogeneity does not change the type of results obtained earlier with a
homogenous merchant. When consumers already hold both cards, competing schemes still set interchange
fees too low, as they attempt to get merchants to accept their cards exclusively.

In an earlier version of the paper (see Guthrie and Wright, 2003) we showed a similar result holds
for the case in which there are two merchants in each industry (with the same bg) which compete
in a Hotelling fashion. Given the linear quasi-demand and quasi-supply specification, the equilibrium
interchange fee was found to equal

Q(BschfﬂA)f(Echjfﬂ[)
3 .

Competition between schemes again resulted in lower interchange fees, and in fact interchange fees that

are less than the privately optimal and socially optimal interchange fee (see Propositions 12 and 13 in
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Guthrie and Wright, 2003).19 Thus, while the analysis is made more complicated by the introduction of
unobservable merchant heterogeneity, the qualitative results obtained for homogenous merchants broadly

carry over to this case.

4.3 Cash-constrained consumers

Another reason why merchants may accept credit cards is to avoid losing sales to cash-constrained con-
sumers. In this section we show how this possibility results in higher equilibrium interchange fees, and so
higher merchant fees and lower card fees. We do so in the context of monopolistic merchants. For such
merchants, the existence of cash-constrained consumers raises the benefits they obtain from accepting
cards. On the other hand, since cash-constrained consumers will have their surplus v extracted from
monopolistic merchants, they do not have a greater incentive to hold or use cards. To help rebalance the
incentives faced by merchants versus cardholders, a higher interchange fee is both privately and socially
optimal. This is true regardless of whether card schemes compete or not.

Assume a proportion g of consumers have insufficient cash to purchase goods. If they hold a card and
the merchant they wish to buy from accepts this card, then such consumers will still be able to purchase.
We assume that ¢ < 1/(1+ B), where —B is the minimum value of the function D(z)+ (x +v —d+bg —
[)D'(z).2° The next section considers the case of a single card scheme, while Section 4.3.2 examines the

case of two competing schemes.

4.3.1 Single card scheme

The four stages of the game are unchanged, but now a proportion ¢ of consumers have insufficient cash
to purchase at stage (iv); their only method of purchasing the good is using a card. This raises the
possibility that by setting a price p < v, a monopolist merchant might be able to increase demand for its
product from customers who are anyway cash constrained. However, in Appendix B we use the upper
bound on ¢ to show that monopolistic merchants will still want to price to extract all the surplus from
cash consumers, setting a price equal to v. Any higher price will exclude too many cash consumers, while

any lower price will not fully exploit cash consumers. When the merchant sets p = v, its profit equals
m=(1=q) (v —d+Af)D(f) (bs —m)I) + gA(f)D(f) (v — d+ bs —m) I,
which can be written as
m=(1=q)(v—d) + Mf)D(f) (bs +q (v —d) =m) L.
The merchant will therefore accept cards if
AMHD(f)(bs +gq(v —d) —m) =2 0.

Equivalently, the merchant will accept cards if dg(f) > 0, where ¢g(f) = D(f)(bs — m) and bg =
bs + q(v — d). Much of the analysis in Section 2.1 carries through with bg replaced by bs everywhere.
In particular, because the merchant’s choice of p = v implies that consumers obtain no surplus from the
good itself, their benefits of holding cards do not depend on whether they are cash-constrained or not.

Our analysis begins with the analog to Lemma 2.

19Note that consistent with the case with homogenous merchants, the equilibrium interchange fee is higher with competing

merchants compared to with monopolistic merchants, and is lower with competing schemes compared to with a single scheme.
20 Assuming that the density function h is continuous on [bg, bg] ensures that the function D(z)+ (z+v—d+bg —1)D’(z)

is bounded on [QB,I;B]. As we showed in the proof of Lemma 8, the lower bound we impose on v — d in Section 2 ensures

that the function, and hence its lower bound, is negative.
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Lemma 8 Suppose some consumers are cash-constrained and a single card scheme has a card fee of f.
If $s(f) < 0, then monopolistic merchants reject the card and A(f) = A(0) consumers hold the card.
If QASS(f) > 0, then monopolistic merchants accept the card, and A\(f) = A(—¢p(f)) consumers hold the

card.

Proof. We solve the game by working backwards through the stages. The stages are described in turn.

Stage (iv).

If the merchant sets a price p < v and accepts the card, cardholding consumers will use the card
if (i) they are cash-constrained and bp > f + p — v, or (ii) they are not cash-constrained and bp > f.
If the merchant sets a price p > v and accepts the card, cardholding consumers will use the card if
bg > f + p —wv. In any other circumstance, consumers will not use a card.

Stage (iii).

Provided it sets its price no higher than v, a merchant obtains profit of
m=1=q+q\f)D(f +p—v)I)(p—d)+ (1 —q)D(f) +¢D(f +p—v)A(f)(bs —m)I

Alternatively, a merchant can set p > v, in which case it will only sell to cardholders who use cards, so
that
T =Mf)D(f+p—v)(p+bs—d—m)l.

As we prove in Lemma 12, it will not be profitable for a merchant to set a price different from v. Instead,
a monopolist will extract all the surplus from the cash customers by setting p = v, implying it earns a

profit of
m=(1—q)(v—d) +AXf)D(f) (bs +q (v —d) —m)I = (1 —q)(v —d) + \(f)ds(f)I.

Stage (ii).
Given a merchant obtains a price of v regardless of whether it accepts cards or not, it will accept

cards if and only if és( f) > 0. Since consumers gain benefit of

DB = H +u

from holding a card, whether or not they are cash-constrained, a consumer’s benefit from holding the
card is ¢p(f)I + u. Tt follows that consumers will hold a card if u > 0 and ¢g(f) < 0 (using it only
to withdraw cash and the like). They will also hold a card if u > —¢p(f) and ¢g(f) > 0. If neither
condition applies, consumers will not hold a card. The equilibria in stage (ii) are thus those characterized
by the lemma. B

The next result, which is the analog of Proposition 1, shows that the scheme sets an interchange fee
to drive the merchants’ surplus to zero. This involves the interchange fee being set at a® + g(v — d),

where a% is the corresponding interchange fee without cash-constrained consumers.

Proposition 21 If some consumers are cash-constrained, a single card scheme facing monopolistic mer-

chants sets its interchange fee to solve ¢g(f) = 0; that is, at a = a€ = a + q(v — d).

Proof. A single card association maximizes II(f) by choosing f to maximize A (—¢p(f)) D(f) subject to
the constraint QASS( f) > 0 which ensures merchants accept cards. The constraint is equivalent to f +IA)S > 1.
Since A(—¢p(f))D(f) is decreasing in f and the left hand side of the constraint is increasing in f, this

implies the scheme will wish to set f as low as possible subject to the constraint. The constraint will be
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binding and the profit maximizing interchange fee solves (55( f) = 0, which is precisely the interchange
fee a© defined in the statement of the proposition. W

This is also the welfare maximizing interchange fee.

Proposition 22 If some consumers are cash-constrained, the welfare-mazimizing interchange fee for a

single card scheme facing monopolistic merchants is a = aC.

Proof. See Appendix A.6. B

The higher interchange fee is socially desirable since it signals to cash-constrained consumers that
they should hold (and use) cards more often given the surplus their purchases create for merchants. Note
the higher interchange fee resulting from the existence of cash-constrained consumers results in some
excessive usage of cards (by those who are not cash constrained) but this is necessary to help offset the

insufficient holding and usage of cards by those consumers who are cash-constrained.

4.3.2 Competing card schemes

Higher equilibrium interchange fees also result from the existence of cash-constrained consumers when
there are competing schemes. As we prove in Appendix B, provided the proportion of cash-constrained
consumers is not too high, monopolistic merchants will again set p = v. When p = v, the merchant’s

profit equals
T = q ( (A + )\uLl) D(fH(v+bg —d—mhHI' + ()\2 + AP L) D(f*) (v +bs —d — mZ)Iz)
+ (1 —q) <v —d+ (A" + ALY D(f)(bs — m") I + (X + A2L%) D(f?)(bs — m2)12> ;

which can be rewritten as

w:q(v—d)—i—\Il,

where
U= NoLI" + NQ312 + N2 (951 LY + 9217 L)
and
¢s = D(f")(bs + (v — d) —m') = D(f*)(bs —m").
In particular, merchants’ resistance to accepting cards is lowered as a result of the benefit cards provide
in capturing the surplus of cash-constrained consumers. Other than the fact that bg is replaced by 135,
and gf)g is replaced by ég, the analysis of Section 3.1 still applies. As before, with all their surplus being

extracted from the purchase of goods, cash-constrained consumers face the same decision about whether

to hold a card or not as other consumers. The following analog of Lemma 4 applies.

Lemma 9 Suppose some consumers are cash-constrained and two identical card schemes compete, with

card schemes 1 and 2 having card fees f' and f? respectively.

1. If f' = f? then (;Abls = AQS and there are two cases to consider. If q% = (;ASQS > 0, then monopolistic
merchants accept both cards and the singlehoming consumers will randomize over which card to
hold. If QAS}.; = (ﬁ% < 0, then monopolistic merchants reject both cards and there are no singlehoming

COnsSumers.

2. If f* < f7 then four equilibria are possible at stage (ii). If ¢?’S7 (ﬁjs < 0, then monopolistic merchants
reject both cards and there are no singlehoming consumers. If QASlS, J)JS >0 and (/\i—l—)\m)gzgf,9 > )\12&{@,
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then momnopolistic merchants accept both cards and the singlehoming consumers will only hold card i.
If qus >0, (;Abfq < 0, then monopolistic merchants only accept card i@ and the singlehoming consumers
will only hold card i. If ngSJS >0 and d;fg < 0 then monopolistic merchants only accept card j and the
singlehoming consumers will only hold card j. (If w > 0, then this equilibrium occurs more generally
zf(ﬁfg >0 andc&fg < ég)

Proof. We solve the game by working backwards through time.

Stage (iv).

Suppose the merchant sets price p < v. Consumers who only hold card ¢ and are cash-constrained
will use the card if bg > f + p — v and the merchant they buy from accepts the card; if they are not
cash-constrained, they will use the card if by > f and the merchant they buy from accepts the card. The
card use of cash-constrained consumers who hold both cards and draw bg > min{f* +p—v, f2+p—v} is
described by equations (18), (19) and (20); if they are not cash-constrained the corresponding condition
is that b > min{f*, f2}.

Alternatively, if merchants set their price above v, then if consumers only hold card 4, they will only
use the card if bgp + v > f* + p and the merchant they buy from accepts the card. The card use of
consumers who hold both cards and draw bg > min{f', f2} + p — v is described by equations (18), (19)
and (20).

Stage (iii).

As we show in Appendix B, merchants will extract all the surplus from the cash customers by setting
p = v, implying merchants earn a profit of

7w =qv—d)+ . (33)

Stage (ii).

In this stage we determine equilibria in the subgame as simultaneous solutions of each party’s best
response, conditional on the card fees and merchant fees set by the two card schemes in stage (i).

The merchant’s best response.

To work out a merchant’s optimal card acceptance policy we note that a merchant will accept cards
if doing so increases the function U,

We must consider two possibilities for consumers’ card-holding. In the first possibility we consider,

no consumers multihome, so that A'2 = 0 and the function ¥ is determined by the following table:
|2=0 =1
I'=0 0 A2
I'=1| Mog  Mog+No3

Recall that if a merchant is indifferent between accepting and rejecting card ¢ because it does not expect
consumers to use card ¢ (so that accepting the card leaves the function Y unchanged), it will accept the
card if doing so increases ¥ when consumers do use card i. This is true if and only if (;ASlS > 0. Merchants
therefore adopt the following policy: merchants reject both cards if gz%,q% < 0, accept both cards if
$L, % > 0, and accept only card 1 (respectively, card 2) if ¢4 > 0 > @2 (respectively, ¢% >0 > ¢L).
The second possibility is that some consumers hold both cards, so that A2 > 0. Since L! and L? in

equation (22) depend on the values of f! and f?, we need to consider three different cases.
o If f1 = f2 then ¢g = (;Abls = q% and equation (20) implies that

U =gs NI+ N2+ N2 (I'+ 12— I'T%)).
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In this case the function W is determined by the following table:
‘ 12 - O 12 = 1
I'=0 0 (A2 +M12) b5
=1 (M +A2)ds (A +A2+A12) g

Merchants’ best response is to reject both cards if cf)s < 0 and to accept both cards if (;ASS > 0.
o If f1 < f2, then equation (18) implies that
b= ML NG (B + R (1 1)).
In this case the function ¥ is determined by the following table:

| =0 =1
=0 0 (A2 +A12) 2
IY=1| (AL +A12) L (AL +A12) L + A26%

Merchants’ best response is as follows: merchants reject both cards if (/g}g, é% < 05 they accept only
card 1 if é% <0< q@}g, they accept only card 2 if QB% > 0 and )\12&% > (A + A12)q3}9; and they
accept both cards if (A + A12)gL > A12¢2 > 0.

e Exploiting the symmetry with the above case, merchants’ best response is the same except the

superscripts 1 and 2 are swapped.

Consumers’ best responses.

At stage (ii), consumers decide which card(s) to hold, if any. Their choice of card-holding depends
on the benefits they get from holding a card, which depend on merchants’ acceptance decisions. Since
consumers get no surplus from buying the good itself, cash-constrained consumers get the same benefits
from cardholding as unconstrained consumers. A consumer’s additional benefit of holding only card i is
therefore

opl' +u,
while the additional benefit of holding two cards is
PRI'L' + ¢%LT7L? + 2u.

If merchants reject both cards, then consumers with v > 0 will hold two cards, while consumers with
u < 0 will hold no cards. If merchants accept only card i, then consumers will hold both cards if u > 0,
will hold only card i if —¢% < u < 0 and will hold neither card if u < —¢%. If merchants accept both
cards but card i has a lower card fee than the other card, then consumers will hold both cards if u > 0,
will hold only card i if —¢% < u < 0 and will hold neither card if u < —¢%. If merchants accept both
cards and both cards have the same card fees, then consumers will hold both cards if w > 0, will hold
only a single card if —¢} = —¢% < u < 0 (in which case consumers will randomize over which card they

will hold), and will hold neither card if u < —¢4 = —¢%. These results are summarized by the functions

XL = 1= A(=¢pL' - o3L%),
Ai(flv f2) = Li (A(_¢ZB) - A(O)) )
)\12(f17f2) _ 14(0)7
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which give the measure of consumers who hold neither card, just card ¢, or both cards respectively. Note
if @ = 0 then A\'? = 0 and no consumers multihome.

FEquilibria in the subgame.

Using the characterizations of consumers’ and merchants’ best responses, we can look for cases where
both types of users have best responses to each other at stage (ii) — that is, we can look for possible
equilibria in the subgame starting at stage (ii). There are three cases to consider based on the relative

sizes of f! and f2.

Case 1: f! = f2. In this case ¢5 = ¢%. Then from above, an equilibrium in stage (i) exists if o5 =
(ﬁ% > 0. The merchant accepts both cards and the singlehoming consumers will randomize over
which card to hold. An equilibrium also exists in stage (ii) if (;% = q% < 0, in which case the

merchant rejects both cards and there are no singlehoming consumers.

Case 2: f! < f2. Then there are four possible equilibria at stage (ii). If g%}g,gZA)QS < 0, there is an equi-
librium in which the merchant rejects both cards and there are no singlehoming consumers. If
dL,¢% >0 and (A! + A12)pL > \12¢2 there is an equilibrium in which the merchant accepts both
cards and the singlehoming consumers will only hold card 1. If (;313 >0, QA% < 0 there is an equi-
librium in which the merchant only accepts card 1 and the singlehoming consumers will only hold
card 1. If gi% > 0 and gZ;}g < 0 there is an equilibrium in which the merchant only accepts card 2
and the singlehoming consumers will only hold card 2. (If w > 0, then this equilibrium occurs more

generally if q’% >0 and q% < qASQS)

Case 3: f!' > f2. By symmetry, this is the same as the above case except the superscripts 1 and 2 are

swapped.

|
This implies that for the case in which consumers get no intrinsic benefits from holding cards, the

equilibrium interchange fee is still the same as that set by a single monopoly scheme; that is, a® +¢q(v—d).

Proposition 23 If some consumers are cash-constrained and no consumers get any intrinsic benefit
from holding cards, then the equilibrium interchange fee resulting from competition between identical card
schemes facing monopolistic merchants equals aC; that is, it solves ¢g(f(a)) = 0. Merchants will (just)
accept both cards and card-holding consumers will randomize over which card to hold. Fach association

shares in half the card transactions.

Proof. The existence of a® was proven in Lemma 1, guaranteeing that a¢ = a® + g(v — d) also exists.
The next step is to prove that this is an equilibrium using our analysis of equilibria in the subgame
starting at stage (ii). From the analysis of consumers’ best responses at stage (ii) of the game, with
7 =0, A2 = A(0) = 0. No consumers will hold both cards. Note that at ¢, ggé = g%% = 0. If scheme 1
sets a card fee f1 < f(a%), then (;AS}S < (JB% = 0, merchants will accept only card 2 and no consumers will
hold card 1; scheme 1 will get no card transactions. If scheme 1 sets a card fee f! > f(a®) instead, then
either (;513 > 0, in which case merchants accept both cards and no consumers hold card 1, or q% <0, in
which case merchants accept only card 2, and no consumers hold card 1; in either case, scheme 1 will get
no card transactions. Thus, this is indeed an equilibrium.

This equilibrium is unique, since if any scheme i sets a fee structure such that (&fg > 0, then the other
scheme will always want to attract all consumers to hold its card by setting a lower card fee such that

(;A% > 0 and gﬁé < gZAfS The optimal response of scheme i will be to match this fee structure. If any
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scheme 7 sets a fee structure such that (ﬁg < 0, then merchants will reject its cards and the other scheme
will always want to attract all consumers to hold it cards by setting a fee structure at which merchants
will accept its cards (that is, with g{)JS > 0). The optimal response of scheme ¢ will be to change its fee
structure so that ¢% > 0. Thus, the only equilibrium is one with ¢% = ¢% = 0.

Where some consumers get intrinsic benefits from holding cards, the equilibrium interchange fee now

maximizes the modified surplus of merchants, qgg

Proposition 24 If some consumers are cash-constrained and some consumers get intrinsic benefits from
holding cards, then the equilibrium interchange fee resulting from competition between identical card
schemes facing monopolistic merchants equals a™, which mazimizes qgfq, the expected surplus to mer-
chants from accepting cards. Merchants accept both cards and singlehoming consumers randomize over

which card to hold. The measure of multihoming consumers is
A (@) = A(0),
the measure of consumers not holding cards is
AV (@) =1-A(=¢5 (f (a"))),
and the measure of singlehoming consumers is
A7 (@) = A(=op (£ (™)) = A(0).

Proof. The existence and uniqueness of @™ can be proven in exactly the same way as the existence and
uniqueness of a™ was proven in Lemma 1. From the analysis of consumers’ best responses at stage (ii) of
the game, A\'2 = A(0) > 0. Some consumers will hold both cards. We use this property and the analysis
of equilibria in the stage (ii) subgame to show that a* represents an equilibrium interchange fee.

Any scheme (say scheme 1) that sets a higher card fee f! (lower interchange fee), will result in (5}9 < ég,
so will imply an equilibrium at stage (ii) in which merchants accept both cards and the singlehoming
consumers will only hold card 2. The measure of each type of consumer AV, \¥ and AM will not change
since singlehoming consumers will get the same benefits from holding card 2, as previously they obtained
from randomizing over which card to hold. Scheme 1 will get no card transactions.

Any scheme (say scheme 1) that sets a lower fee f! (higher interchange fee), will result in (;315 < q%, SO
will imply an equilibrium at stage (ii) in which merchants will only accept card 2 and the singlehoming
consumers will only hold card 2. Again, the measure of each type of consumer will not change since
singlehoming consumers will get the same benefits from holding card 2, as previously they obtained from
randomizing over which card to hold. Again, scheme 1 will get no card transactions.

Thus, scheme 1 does strictly worse by setting a higher or lower interchange fee than that which
maximizes (;33, proving that this is an equilibrium.

It remains to prove that this equilibrium is unique. Suppose that it is not. Then there exists some
other equilibrium in which one scheme (say scheme 1) sets an interchange fee such that (;315 < qgg‘a"
It is straightforward to show that scheme 2’s best response is to set a different interchange fee so that
(5% > q?)ls, in which case it attracts all card transactions. Thus, there can be no other equilibrium. B

The result is a lower equilibrium interchange fee than set by a single scheme:

Proposition 25 If some consumers are cash-constrained and some consumers get intrinsic benefits from
holding cards, the equilibrium interchange fee resulting from competition between identical card schemes
facing monopolistic merchants leads to an interchange fee lower than that which mazximizes the schemes’

joint profit (or joint card transactions).
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Proof. The result a™ < a¢ follows immediately from replacing bg with bs everywhere in the proof that
a™ < a® in Lemma 1. W

and a lower interchange fee than that which maximizes overall welfare:

Proposition 26 If some consumers are cash-constrained and some consumers get intrinsic benefits from
holding cards, the equilibrium interchange fee resulting from competition between identical card schemes

facing monopolist merchants leads to an interchange fee lower than that which mazimizes overall welfare.

Proof. See Appendix A.7. B
However, compared to the case without cash-constrained consumers, the equilibrium interchange fee

and the welfare maximizing interchange fee are higher.

4.4 Policy implications

Policymakers in some jurisdictions have claimed that competing credit card schemes (namely, Master-
Card and Visa) set interchange fees too high.?! Policymakers have also charged that there is a lack
of competition between card schemes. For instance, the Reserve Bank of Australia (2002, p. 8) states
“In Australia, credit card interchange fees are not determined by a competitive market.” As a result,
regulators in Australia and in Europe have required that card schemes lower their interchange fees, and
the United Kingdom is investigating similar measures. In a generic two-sided market, there is no obvious
link between greater inter-system competition and lower interchange fees (charging less to merchants
and more to cardholders), or between greater inter-system competition and a more efficient structure of
fees.?? Our analysis provides a model which captures the specificities of the credit card market in which
without scheme competition payment schemes may set interchange fees too high. In our model, provided
some consumers hold both cards, competition between identical schemes will in fact lower interchange
fees. This suggests that where there is a lack of scheme competition, regulation could improve matters.
In light of our analysis we offer some guidance on this matter.

First, as our model demonstrates, competition may result in interchange fees that are too low, espe-
cially to the extent retailers do not accept cards for strategic reasons. Thus, it is not immediately obvious
that the goal for regulators (in terms of setting interchange fees) should be to replicate the outcome of
competition between schemes.

Where the lower interchange fees resulting from scheme competition do raise social welfare, it would
seem natural to conduct some market analysis to ascertain whether card schemes have market power.
In determining whether card schemes have market power, the policymaker would need to be careful to
take into account the two-sided nature of the services being offered by card schemes. For instance, it
would make no sense to conclude that high card fees imply market power without also considering the
level of merchant fees. In a similar vein, our model provides no basis for the claim by policymakers that
competition should drive interchange fees to cost, or the suggestion that cost-based interchange fees are
efficient.??

A related issue is that it is notable that in the U.S., where competition between credit cards is arguably

quite strong (with DiscoverCard and American Express both competing for custom), interchange fees are

21See European Commission (2002), Office of Fair Trading (2003), and Reserve Bank of Australia (2002).
22For instance, Rochet and Tirole (2003) find in their model of generic competition in two-sided markets that, with

linear demands, a monopoly scheme and competing schemes will set the same structure of fees (and so implicitly the same

interchange fees). Moreover, the resulting structure of fees is socially optimal.
23For instance, see Office of Fair Trading (2003, 3.12)
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Figure 2: Effect of regulating one payment scheme

¢(a)

Q F--—--------—ft--------

Q
S|
S]
S]

Notes. The equilibrium interchange fee in an unfettered market is a©. The regulated interchange fee is a*.

The scheme that is not regulated will respond by setting its interchange fee at a’V%.

higher than in many other countries where competition between credit card schemes seems weaker. A
reason for this could be that competition with other payment instruments (such as debit cards) may
provide a stronger constraining force on interchange fees in other countries than it does in the U.S. In
the U.S., on-line debit cards (which tend to have very low interchange fees) have not been as significant as
in most other OECD countries. Thus, in deciding whether there is a lack of scheme competition, policy
makers will likely need to consider types of payment instruments other than just credit cards.

Another issue in the context of interchange fee regulation is that such regulations are currently only
being proposed for card associations (MasterCard and Visa) and not for the proprietary schemes (such
as American Express) which set fees to cardholders and merchants directly. For instance, the Reserve
Bank of Australia proposes regulations of the card associations’ interchange fees which explicitly leave
proprietary schemes free to set their fees. Since proprietary schemes, such as American Express, do not
have to set interchange fees to achieve their desired price structure, any regulation of interchange fees
could act as a potential handicap to card associations.

The consequences of any asymmetric approach to regulation can be examined in the context of our
model, as illustrated in Figure 2. Suppose, for instance, there are two competing schemes, some consumers
hold both cards, and merchants compete in a Hotelling fashion. (The monopoly case can be considered
by replacing ¢(f) with ¢g(f) in Figure 2.) Suppose one scheme has its interchange fee regulated below
the privately set level, while the other remains free to set its interchange fee (or fee structure). Since com-
petition between the schemes constrains the interchange fee to the competitive level a® when merchants
compete in a Hotelling fashion, the result of regulating one scheme and not the other is to constrain
the interchange fee below a®. This leads the rival scheme to take the whole market by setting a higher
interchange fee. Even if merchants continue to accept cards from the regulated schemes, since consumers
now face higher fees for using cards from the regulated scheme, the regulated scheme will not attract any
card transactions. Merchants will continue to accept cards from the unregulated scheme even though the
merchant fees for the regulated scheme are lower, since the more expensive cards allow them to attract

customers from rivals who do not accept such cards. The scheme that is not regulated will respond by
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increasing its interchange fee above a®, although not beyond the interchange fee set by a single card
scheme a'l, thereby attracting more card transactions and profit. Thus, if card associations have their
interchange fees regulated below the competitive level a, the model predicts proprietary schemes will
respond by setting higher merchant fees (and lower card fees), and will attract business away from card
associations. Figure 2 illustrates this result by noting the interchange fee chosen by the scheme that is
not regulated, denoted a7, for a particular interchange fee that is imposed on the regulated scheme,
denoted aft.

The above case provides some insight into the workings of competition between on-line debit cards
offered directly by banks and off-line debit cards offered by the card associations. On-line debit cards
offered by banks and off-line debit cards offered by the card associations are similar instruments both
from the perspective of consumers and merchants.?* Moreover, consumers who have access to debit cards
offered by card associations usually also have access to an on-line debit card offered directly by their bank
(this may also be their ATM card). The above results suggest competition between on-line debit and off-
line debit will drive the interchange fees below the level that the schemes prefer. If card associations try to
set their preferred pricing structure for off-line debit ignoring the existence of on-line debit (and thus set
relatively high interchange fees), merchants will simply reject off-line debit knowing that such consumers
will substitute by using on-line debit instead. One way for card associations to prevent this type of
competition would be to tie the acceptance of their off-line debit cards to acceptance of credit cards,
assuming the interchange fee for credit cards was not subject to the same kind of competitive pressure.
This provides one interpretation of MasterCard and Visa’s tying behavior, behavior that resulted in the
‘Walmart case’.

In 2003 Walmart, together with a large number of other merchants, obtained a settlement of three
billion U.S. dollars from MasterCard and Visa after Walmart alleged MasterCard and Visa tied off-line
debit and credit cards together, and used market power in credit cards to set high merchant fees for
off-line debit cards. If merchants accepted Visa credit cards under Visa’s honor-all-cards rule, they also
had to accept Visa off-line debit cards. Off-line debit cards have an interchange fee (and merchant fee)
close to the levels used for credit cards, and according to Chakravorti and Shah (2003) are about three
to five times more expensive for merchants to accept than on-line debit cards. The analysis provides one
channel by which it is possible for the card associations’ tying behavior to improve welfare. It does this
by allowing the scheme to impose a different pricing structure for off-line debit cards from that chosen by
banks for on-line debit, a pricing structure which could be more efficient given that competition between
schemes can result in interchange fees being set too low. On the other hand, the tying behavior could
also allow credit card schemes to set interchange fees for debit that are closer to the monopoly level a'l,

which could be excessively high.

4.5 Implications for other two-sided markets

One of the main motivations for this paper was to extend the existing literature on two-sided markets
to the case in which one side of the market competes amongst itself to attract users on the other side.
Many two-sided markets have this feature, including payment cards, shopping malls, Yellow Pages, and
hardware/consoles and software providers. By examining the case with monopoly merchants and with

competing merchants we are able to discern how allowing one type of user to compete amongst itself

24Typically, an on-line debit card transaction requires cardholders enter a pin number while an off-line debit card trans-

action requires cardholders sign to verify the transaction.
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affects the equilibrium structure of fees. Competition between sellers generally increases the privately
and socially optimal interchange fees (meaning it is optimal to charge more to merchants and less to
consumers). When one type of user (sellers) competes amongst itself to attract the other type of user
(buyers), the sellers tend to internalize the benefits of the buyers. This makes it more desirable to
set fees which favor buyers, since by offering more surplus to buyers the schemes will find it easier to
attract sellers. On the other hand, regardless of whether sellers compete, competition between schemes
still lowers the relative charge to sellers when some buyers multihome, as schemes compete to be used
exclusively by sellers.

Applying the same logic to other two-sided markets such as consumer directory services suggests
that (i) competition between separate Yellow Pages (or other directories) should reduce the extent to
which they will charge advertizers (and provide free services to consumers) and (ii) competition amongst
advertizers should raise the charges they face. The fact that advertizers cover all of the costs of these
services suggests that the second effect dominates. In a world of monopoly sellers and multihoming buyers,
platforms such as these may charge the buyers and not the sellers for making use of their directories.

Another difference between payment cards and some other two-sided markets is the possibility for
card schemes to set negative prices for card usage without inducing unbounded consumption.?®> Such
pricing would be difficult to implement in the Yellow Pages business, for instance, although there may
be limited opportunities for rebates to customers in other cases. Shopping malls sometimes offer prize
draws and/or free-parking to consumers who make some specified level of purchases within the mall.
To the extent that prices are constrained to be non-negative on one side of the market, the equilibrium
fee structure could involve services being given free to this side of the market. In such cases, the fee
structure may not respond to the nature of merchant or scheme competition over some range, at least
until a positive fee becomes optimal.

An obvious feature of the equilibrium in our model is that it is sensitive to the ability of consumers
and merchants to coordinate on cards from a particular scheme. We focused on the only pure-strategy
equilibrium, in which schemes competed to attract merchants exclusively. The result of competition was
relatively low merchant fees and high card fees. If, instead, consumers and merchants coordinate on
the other equilibria in the stage (ii) subgame, in which merchants accept both cards and singlehoming
consumers just hold the card with lower fees, then each scheme will have an incentive to set a slightly
higher interchange fee than its rival (until merchants are left with no surplus, at which point either
scheme can attract all merchants exclusively by offering a lower interchange fee). While there is no (pure-
strategy) equilibrium in this case, it does raise the possibility that differences in users’ beliefs could lead
to divergent outcomes. This result could underlie the fact that sometimes quite different fee structures
can emerge in apparently similar two-sided markets. For example, rental agencies (which help match
tenants and landlords) typically charge landlords exclusively for the service, but in some cities such as

Boston and New York the tenant typically pays the entire fee (see Evans, 2002).

5 Conclusions

This paper extended existing models of payment schemes to allow for competition between schemes. It
examined how competition between identical schemes affects the choice of fee structure by card schemes,

namely, how much to charge cardholders versus how much to charge merchants.

25Unbounded consumption is avoided with card transactions since consumers must still purchase the merchant’s good to

enjoy any frequent flyer miles, cash back or other inducements from the issuer.
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There is a concern by policymakers that consumers face distorted incentives to use credit cards, as a
result of low card fees (and other rebates) at the same time that merchant fees are set high. We addressed
one implicit assumption behind the policymaker’s concern — that a lack of system competition explains
why MasterCard and Visa can set high interchange fees, and thus why schemes (including proprietary
schemes) set high merchant fees and low card fees. We showed how scheme competition lowers interchange
fees, although such competition can also result in interchange fees being set below the efficient level. When
some consumers hold multiple cards, merchants tend to reject the more expensive card, causing schemes
to compete by focusing on attracting merchants. Schemes do this by setting low interchange fees (charging
too much to cardholders and too little to merchants).

While competition between schemes lowers equilibrium interchange fees, competition between mer-
chants increases them. Surprisingly, the two types of competition exactly offset in our model. Taking
into account both effects results in an equilibrium interchange fee that is identical to that chosen by a
single scheme which faces a monopoly merchant. Moreover, this interchange fee maximizes the expected
joint surplus of consumers and merchants from using cards. We also showed other scenarios for which
equilibrium interchange fees are either too high or too low, sometimes both from the perspective of card
schemes and of society. For the cases we examined, the results were robust to whether competition is be-
tween card associations or between proprietary schemes, and to whether there is merchant heterogeneity
or not. Future research should consider alternative cases, such as that of imperfect competition between

card schemes as well as between merchants.
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A  Proofs

A.1 Proof of Lemma 1

1. The derivative
do

L = h(F) (bs =1+ £) = h(f) (bs —m)
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equals zero if and only if bg = m since h is positive over its support, d¢/da is positive for larger

values of f and negative for smaller values of f. The unique interchange fee is
aC :bschfﬁA.
At this interchange fee ¢5(f) = 0.

. The first order condition is

d
985 — D7) + h(f) (bs —m) =0
which, using the fact that [ = f 4+ m, implies
5 — () + h(F) (f +bs 1) =0
The solution is D
f=l—-bs+ %

Note the left hand side is increasing in f while the right hand side is decreasing in f given that the
hazard function h(f)/ (1 — H(f)) is increasing in f. Moreover, we have that at by, the left hand
side of the expression is less than E(bp) which is less than [ — bg from (3), while the right hand
side of the expression is greater than | — bg. On the other hand, at bp the left hand side of the
expression is greater than | — bg from (3), while the right hand side of the expression is equal to
l — bg since D (EB) = 0. It follows there must exist a unique solution to the first order condition,

which we denote f™. The corresponding interchange fee is a™, which is characterized by

CLM:C[-l-TF[—fM. (A-l)
Finally,
d*¢ /
|, = = 6s = m)
h M D M
< 0,

where the final step follows from the assumption that the hazard function is increasing in f. Thus,

a™ maximizes ¢g.

. The condition ¢(f) = 0 is equivalent to 3(f) +bs = [. Note that E(bg) = B(bg) < B(f) < B(bp) =
bp and so from (3) there is a sufficiently low interchange fee such that 3(f)-+bs > I and a sufficiently
high interchange fee such that 3(f) 4 bg < [. It follows that there exists an interchange fee a'! such
that B(f) + bs = I. Moreover since §(f) is increasing in f, this interchange fee is unique.

. It follows immediately from

D(f™)

W+lfbs>l7bszf(ac)

M=
that a™ < a®. Furthermore,

f(a®) =1—bs = B(f(a") > f(a"),

where we have used the fact that 3(f) > f to complete the last step. It follows that a® < a'l.
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A.2 Proof of Proposition 2

If ¢s(f) > 0, then the merchant accepts the card, A(—¢p) consumers hold the card, and consumers
who hold the card use it if bg > f. Furthermore, because each transaction involving cards contributes
bp +bs — ca — ¢y to welfare, and because u and bp are independently distributed, the total contribution

of transactions involving cards to total welfare is

bp
A(¢B(f))/f (bp +bs —ca — cr)h(bp)dbp.

However, consumers also derive benefits simply by holding cards: consumers for whom u > —¢g(f) hold

a card, receiving benefit u. Thus, card-holding contributes

/ ue(u)du
—¢B(f)

to total welfare, where e is the density function of u. Adding the two welfare components together shows

that when ¢s(f) > 0 total welfare is?

EB u
(bp +bs —ca —cr)h(bp)dbp + / ue(u)du. (A-2)
—¢5(f)

W) = A(~é5(f)) /f

If ¢s(f) < O then the merchant rejects the card, and only consumers with u > 0 accept the card. In this

case the only contribution to total welfare comes from the intrinsic benefits of card-holding, so that total

welfare is -
W(f) =Wy = / ue(u)du. (A-3)
0

It is useful to note that when a < a® (so that the merchant accepts cards),

bp 0
W(f) = A(—¢B(f))/ (b +bs — ca — c1)h(bp)dbs +/ we(uw)du + W
f —¢5(f)
bp 0
> A(=¢5(f)) (b +bs —ca —cr)h(bp)dbp — ¢B(f) / e(u)du + Wy
—¢5(f)

bp
= A(-9¢B(f)) (f +bs —ca—cr)h(bp)dbg + ¢5(f)A(0) + Wy

= (f+bs—ca—c)D(f)A(=¢B(f)) + oB(f)A(0) + W,

/
/
where we have used that

bp
o5(f) = /f (b5 — )h(bs)dbs.

Further, differentiating W with respect to f in the region where a < a® gives

bp
W) = e(—és()s() /f (b + b — ca — cr)h(bg)dbs

—A(=¢B())(f +bs —ca—cr)h(f) — d5(f)ds(fle(—ds(f))
by
—e(=bn(F)D(F) /f (f +bs — ca — er)h(bz)dbs

— A(=¢()(f +bs — ca — cD)h(f)
— (ftbs—ca—ci) (—e<—¢B<f>><D<f>>2 - A(—¢B(f))h(f)> ,

26Throughout the paper we ignore additional constant terms in the welfare function that can arise in models in which
consumers incur transportation costs (for instance, in going to their preferred bank or merchant). These can be ignored

because firms, issuers, acquirers, and card schemes are all symmetric.
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where ¢'5(f) denotes the derivative of ¢p(f) with respect to f, which equals —D(f). The term in large
brackets in the expression above is always nonpositive. Since a < a® is equivalent to f > [ — bg, the

other term in the expression for W’(f) is non-negative. Therefore W’(f) < 0 for all a < a“, and since

W(l —bs) > (ma+71)D(l — bs)A(—=¢p(l — bs)) + ¢p(l — bg)A(0) + Wy > W,

welfare is maximized by setting a = a®.

A.3 Proof of Proposition 4

If ¢(f) > 0, then merchants accept the card, the proportion of consumers who hold the card is A(—¢p)
and consumers who hold the card use it if bg > f. Using a similar argument to that in Appendix A.2,
we can show that welfare equals the expression in equation (A-2) when ¢(f) > 0. If ¢(f) < 0 then
merchants reject the card, only consumers with u > 0 accept the card, and welfare equals the expression
in equation (A-3).

Using similar arguments to those in Appendix A.2, we can show that when a < a' (so that merchants
accept cards),

W(f) = (f +bs —ca—cr)D(f)A(=odB(f)) + ¢5(f)A(0) + Wo

and

W(f)=(f+bs—ca—ci) (—6(—91719(J”))(D(f))2 - A(—¢B(f))h(f)> :

The term in large brackets in the expression above is always non-positive.

We consider two possibilities. Firstly, we show that if a'! > bg —c4 + 7, then welfare is maximized by
setting a"V' = bg — c4 + 7. At this interchange fee f(a"') = ca +c; — bs, implying that W’ (f(a"')) = 0.
Since W’(f) is negative for lower interchange fees, and is positive for larger interchange fees, this a" is

a local welfare maximum. Since
W(f(@")) > ¢s(f(a™))A(0) + Wy > W,

it is also a global maximum.
Secondly, we show that if a'! < bg — c4 + 77, then welfare is maximized by setting " = al. Since
f(a™) > ca + cr — b, it follows that W' (f) < 0 for all a < a', Since

W(f(a")) = (f(a") +bs — ca — e)D(f(a")A(=¢5(f(a™))) + d5(f(a')A(0) + Wo > W,

it follows that this " is a global welfare maximum.

A.4 Proof of Proposition 8

We begin by considering the welfare-maximization problem subject to the additional constraint that
f' = 2, and then show that relaxing this constraint does not raise welfare.

Suppose f! = f2. The first part of Lemma 4 describes the equilibria which can occur as functions
of the common card fee f. If ¢g(f) < 0, the monopolist merchant rejects both cards, only customers
with u > 0 hold cards, and these customers hold both cards. Since no card transactions occur, the only

contribution to welfare comes from the intrinsic benefits of holding cards. Thus, total welfare equals

W(f) = /Ou 2ue(u)du = 2Wy,
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where Wy is defined in (A-3). If ¢s(f) > 0, the monopolist merchant accepts both cards, customers hold
both cards if u > 0, and hold one card if —¢p(f) < u < 0. The intrinsic benefit of holding cards thus

contributes

/ ' ue(u)du + / E?ue(u)du - / ' ue(w)du + 2W,

—¢B(f) 0 —¢B(f)
to welfare. Customers who hold one or both cards use a card if bp > f. Furthermore, because each

transaction involving cards contributes bg+bgs—ca—cy to welfare, and because v and b are independently
distributed, the total contribution of transactions involving cards to total welfare is

b

A(¢B(f))/f (bp +bs —ca —cr)h(bg)dbp.
Thus, total welfare equals
bp 0
W(f) = A(—¢B(f))/ (bp +bg —ca — cr)h(bg)dbp + / we(u)du + 2Wj. (A-4)
f —¢B(f)

Apart from the addition of a constant Wy, this is exactly the same welfare function as that in the proof
of Proposition 2. Tt is therefore maximized by setting a! = a? = a.

Suppose that f! # f2. From the second part of Lemma 4, either there are no singlehoming customers,
or all singlehoming customers hold the same card. In the first case, welfare equals 2Wj. In the second
case, welfare equals W (f?), where W is defined by equation (A-4) and i is the card held. A necessary
case for the second case to occur is that ¢ > 0. It follows that relaxing the symmetry constraint cannot

raise welfare, completing the proof that a' = a? = a® maximizes welfare.

A.5 Proof of Proposition 12

We begin by considering the welfare-maximization problem subject to the additional constraint that
f' = 2, and then show that relaxing this constraint does not raise welfare.

Suppose f! = f2. The first part of Lemma 5 describes the equilibria which can occur as functions of
the common card fee f. If ¢(f) < 0, the merchants reject both cards, only customers with u > 0 hold
cards, and, since these customers hold both cards, total welfare equals W(f) = 2Wy. If ¢(f) > 0, the
merchants accept both cards, customers hold both cards if u > 0, and hold one card if —¢5(f) < u < 0.
Since customers who hold one or both cards use a card if bg > f, we can use a similar argument to
that in Appendix A.4 to show that total welfare equals the expression in equation (A-4). Apart from the
addition of a constant Wy, this is exactly the same welfare function as that in the proof of Proposition 4.

2 = min{a', bg — ca + 71}

It is therefore maximized by setting a' = a

Suppose that f! # f2. From the second part of Lemma 5, either there are no singlehoming customers,
or all singlehoming customers hold the same card. In the first case, welfare equals 2Wj. In the second
case, welfare equals W(f*), where W is defined by equation (A-4) and i is the card held. A necessary
case for the second case to occur is that ¢ > 0. It follows that relaxing the symmetry constraint cannot

2

raise welfare, completing the proof that a! = a® = min{a'l,bs — c4 + 77} maximizes welfare.

A.6 Proof of Proposition 22

The calculation of overall welfare differs slightly from the calculation in Proposition 2. There, the mer-
chant’s profit from selling the good could be ignored since its sales did not depend on the interchange fee.
Now, however, the level of the interchange fee affects the level of sales to cash constrained consumers.

We therefore include the merchant’s profit from sales to cash-constrained customers.
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If és( f) > 0, then the merchant accepts the card, A(—¢p) consumers hold the card, and consumers
who hold the card use it if bg > f. A total of A(—ép(f))gD(f) cash-constrained customers are able to
buy the good, contributing

A(=¢B(f)aD(f)(v = d)

to overall welfare. Because each transaction involving cards contributes bg +bg — c4 — ¢y to welfare, and
because u and bg are independently distributed, the total contribution of transactions involving cards to

total welfare is ~
bp
A(—¢B(f))/ (bg +bs — ca — cr)h(bp)dbg.
f

However, consumers also derive benefits simply by holding cards: consumers for whom v > —¢g(f) hold

a card, receiving benefit u. Thus, card-holding contributes

/ ue(u)du
—¢B(f)

to total welfare, where e is the density function of u. Adding the three welfare components together

shows that when ¢g(f) > 0 total welfare is

EB R u
(bp +bs —ca —cr)h(bp)dbp + / ue(u)du,
—¢5(f)

W) = A(~é5(f)) /

f

where we have used the fact that bg = bs + q(v — d). If ¢5(f) < 0 then the merchant rejects the card,
and only consumers with u > 0 accept the card. In this case, since cash-constrained consumers cannot
buy the good, the only contribution to total welfare comes from the intrinsic benefits of card-holding, so

that total welfare is

W(f) = /Ou ue(u)du = Wy.

It is useful to note that when a < a“ (so that the merchant accepts cards),

bp R 0
(bB +bs —cy — C])h(bB)de + / ue(u)du + Wy

—¢B(f)

W) = Al—én(f)) /

~

bp 0

(bis + bs — ca — e1)h(bp)dbs — ¢B(f)/ W
—¢B

Y

A(=¢5(f))

bp

= A(-¢5(f)) (f +bs —ca —cr)h(bp)dbp + ¢5(f)A(0) + Wy

= (f+bs—ca—c)D(f)A(=d5(f)) + o5(f)A(0) + Wy,

/
/

where we have used that B
bp
o5(f) = / (b — F)h(bs)dbs.
f

Further, differentiating W with respect to f in the region where a < a¢ gives
b

e(—d5 () (f) /f (b + bs — 1 — er)h(bs)dbs

= A(=0p(N)([ +bs = ca = eh(f) = o5(N&p(e(=0n(f))
—e(=¢u(f)D(f) /f Y b ca— enh(b)db
AN +bs — ca— enh(f)

= (bs = ca—en) (~el=0m(NDUN = Al=0m(NAN )

w'(f)
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where ¢'5(f) denotes the derivative of ¢p(f) with respect to f, which equals —D(f). The term in large
brackets in the expression above is always nonpositive. Since a < a¢ is equivalent to f > [ — 35, the

other term in the expression for W’(f) is nonnegative, proving that W’(f) <0 for all @ < a®. Since

W(l —bs) > (ma+ 71 — qv — d))D(I — bs) A(—p(l — bs)) + ¢s(l — bs)A(0) + Wy > W,

welfare is maximized by setting a = a“.

A.7 Proof of Proposition 26

We begin by considering the welfare-maximization problem subject to the additional constraint that
f' = f2, and then show that relaxing this constraint does not raise welfare.

Suppose f! = f2. The first part of Lemma 9 describes the equilibria which can occur as functions
of the common card fee f. If QASS( f) < 0, the monopolist merchant rejects both cards, only customers
with u > 0 hold cards, and these customers hold both cards. Since no card transactions occur, the only

contribution to welfare comes from the intrinsic benefits of holding cards. Thus, total welfare equals

W(f) = /Ou 2ue(u)du = 2Wj.

If (;35( f) > 0, the monopolist merchant accepts both cards, customers hold both cards if u > 0, and hold
one card if —¢p(f) <wu < 0. The intrinsic benefit of holding cards thus contributes

0 T 0

/ ue(u)du + / 2ue(u)du = / ue(u)du + 2Wy
—¢B(f) 0 —¢B(f)

to welfare. Customers who hold one or both cards use a card if bg > f. Sales to cash-constrained

consumers contribute
A(=¢5(f))gD(f)(v —d)

to the merchant’s profit, and therefore to overall welfare. Furthermore, because each actual transaction
involving cards contributes bg+bgs—ca—cy to welfare, and because u and bg are independently distributed,

the total contribution card transactions to total welfare is

bp
A(¢B(f))/f (bp +bs —ca — cr)h(bp)dbp.

Combining these three components, total welfare equals

bp A 0
(bp +bs —ca —cr)h(bp)dbp + / ue(u)du + 2Wy. (A-5)

R 2:10)

W(f) = A(~65(f) /f

Apart from the addition of a constant Wy, this is exactly the same welfare function as that in the proof

of Proposition 22. It is therefore maximized by setting a' = a? = 4.

Suppose that f! # f2. From the second part of Lemma 9, either there are no singlehoming customers,
or all singlehoming customers hold the same card. In the first case, welfare equals 2Wj. In the second
case, welfare equals W (f?), where W is defined by equation (A-5) and i is the card held. A necessary
case for the second case to occur is that qgg > 0. It follows that relaxing the symmetry constraint cannot

2 C

raise welfare, completing the proof that a! = a? = 4 maximizes welfare.
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B Optimal monopoly pricing

In setting its single retail price p, a monopolistic merchant that wants to accept cards faces two alterna-
tives. It can set p = v, so that cardholders who want to use cash will purchase, or it can set p > v, in
which case it will only face demand from cardholders. If there is a single card scheme, the merchant’s
profit is

7= v —d+ A(f)D(F) (bs —m) = v —d+ A(H)D(f) (f +bs — 1)

if it sets p = v, and
T=A)D(f+p—v)(p—d+bs—m)=AXf)D(f+p—v)(f+p—d+bs—1)

if it sets p > v. In the second case the marginal consumer equates the additional benefits of making a

purchase with a card bp with the additional cost f + p — v. The merchant will set p = v if

v=d+ Af)D(f)(f+bs =1 >ANHD(f+p—v)(f+p—d+bs—1).

The following lemma shows that a sufficient condition for this result to hold is that

D(bp)
h(bp)’

which we assumed in Section 2. This requires that the surplus of the good must be sufficiently large.?”

v—d>1—bg—bg+

(B-1)

Lemma 10 Under the no-surcharge rule, if the surplus satisfies (B-1) then monopolistic merchants will

set a price p = v when there is a single payment scheme.

Proof. Since the hazard function is increasing in f, the function D(f)/h(f) must be decreasing in f.

Therefore

—~

D(f) _ Dlbp)
) <

(f) = h(bg)

with the inequalities being strict when f > bp. This implies that the function

<v—d+bg+bs—I<v—d+ f+bs—1,

D(f)(v—d+ f+bs—1)
is decreasing in f. In particular,
D(f+p-v)(p—d+f+bs—1)<D(f)(v—d+ f+bs—1)
whenever p > v (so that f +p — v > f). Therefore, if the merchant sets p > v, it earns profit of

MAD(f+p—v)p—d+f+bs—1) < MND(f)(v—d+ f+bs—1)
MADf)(v = d) + Mf)D(f)(f +bs —1)
< v=d+Af)D(f)(f +bs —1).

That is, its profit from setting p > v is less than its profit from setting p = v. B
The merchant’s profit is a more complicated function of the retail price when there are competing

card schemes, although the profit-maximizing choice remains p = v.

Lemma 11 Under the no-surcharge rule, if the surplus satisfies (B-1) then monopolistic merchants will

set a price p = v when there are competing card schemes.

27Wright (2003c) makes a similar assumption.
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Proof. If the merchant sets p = v then its profit is

Tpew = v—d+AND(f") (bs —m") I + X°>D(f?) (bs — m?) I?
+ A2 (D (fY) (bs —m") I'"L' + D (f?) (bs — m?) I*L?),

while if it sets p > v, the merchant’s profit is

Tp>y = AlD(fl—I—p—v) (p—d—|—bs—m1)ll+)\2D(f2—|—p—v) (p—d+b5—m2)12
N2 (D(f' +p—v) (p—d+bs—m" ) I'L" + D (f>+p—v) (p—d+bs —m?) I’L?).

Using identical arguments to those contained in the proof of Lemma 10, it follows that
D(ff+p—v)p—d+ fi+bs—1) <D(f)v—d+f +bs—1), i=1,2,
whenever p > v. This implies that
D(ff+p—v)(p—d+bs—m') <D(f)v—d+bs—m'), i=1,2,

whenever p > v, and the proof that mp—, > mp~, follows almost immediately. B
The analysis is slightly more complicated when some consumers are cash-constrained. However,
provided we impose some technical conditions, monopolistic merchants will continue to set p = v. We

start with the case of a single payment scheme.

Lemma 12 If the density function h is continuous on [bg,bg|, the surplus satisfies (B-1), and the
proportion of cash-constrained consumers q is less than 1/(1 + B), then monopolistic merchants will set

p = v when there is a single payment scheme.

Proof. We need to consider three possibilities: p < v, p > v, and p = v.

First, if a monopolistic merchant sets p < v and accepts cards then a cardholding customer who is not
cash constrained will buy the good using a card provided that v+ bg —p — f > v — p, which holds if and
only if bp > f, and will buy it using cash otherwise. A cardholding customer who is cash-constrained
will buy the good using a card provided that v+bg —p— f > 0, which holds if and only if bg > f+p—v,
and will not buy it otherwise. Customers who do not hold cards will buy the good using cash unless they

are cash-constrained. In total, the merchant’s profit equals
m=(1=q+qM)D(f +p—0)])(p—d)+((1 = ¢)D(f) + ¢D(f +p = v)Af)(bs —m)I
Differentiating with respect to p, and using the assumption that the function D(z)+(z+v—d+bs—1)D’(x)

is bounded below by — B, gives

dm

= 1—q+qA(f)(D(f+p—v)+(f+p+bs—d—l)D’(f+p—v))I
> 1-q+q\Mf)(-B)I

1 —q—q\(f)BI.

The last line is positive provided that
1

< Anr
TS T NHBI
a condition which is guaranteed by our assumption that ¢ < 1/(1 4+ B). Thus, a monopolistic merchant

will not set p < v.
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Second, suppose a monopolistic merchant sets p > v and accepts cards. Since it is never optimal to buy
the good with cash, a cardholding customer will buy the good using a card provided that v+bg—p—f > 0,
which holds if and only if bp > f 4+ p — v, and will not buy it otherwise, whether or not they are cash
constrained. Customers who do not hold cards will not buy the good. Therefore, the merchant’s profit

equals
T=Af)D(f+p—v)(p—d+bs—m)l.

As we showed in the proof of Lemma 10, the merchant can always achieve a higher profit by setting
p=v. A

The analysis is further complicated by the presence of competing payment schemes.

Lemma 13 If the density function h is continuous on |bg,bg|, the surplus satisfies (B-1), and the
proportion of cash-constrained consumers q is less than 1/(1 4+ B), then monopolistic merchants will set

p = v when there are competing payment schemes.
Proof. Suppose the merchant sets p < v. Then its profit equals
T = gq ((/\1 + ALY D(f' +p—v)(p+bs —d—m")I"
+ (N + AL D(f*+p—v)(p+bs—d— m2)12)
+(1—q) <p —d+ (A" + ALY D(f1)(bs — m")I' + (A + A2L%) D(f?)(bs — m2)I2> )

Differentiating with respect to p, and using the assumption that the function D(z)+(z+v—d+bs—1)D’(x)
is bounded below by —B, gives

dr
dp

L—q+q (A + ALY (D’(fl+p—v)(p+bs—d—m1)+D’(f1+p—v)) It

—|—q()\2+)\12L2) (D’(fQ—l—p—v)(p—l—bs—d—m2)+D'(f2+p—v)> I?
L—q+q (AN +A2LY) (=B)I" 4+ q (A + A°L?) (-B)I”
L—q—qgB(N'I'+ NI2+ \2(I'L' + I°L?)).

Y

The last line is positive provided that

1
IS TV BONTT + X2 T N2(I1LL § [21%))

a condition which is guaranteed by our assumption that ¢ < 1/(1 4+ B). Thus, a monopolistic merchant

will not set p < v. If a monopolistic merchant sets p > v, its profit is

T o= AlD(fl—Fp—v) (p—d—i—bs—m1)11+)\2D(f2+p—v) (p—d+bg—m2)12
A2 (D(f ' +p—v)(p—d+bs—m" ) I'L"+ D (f*+p—v) (p—d+bs —m?) I*L?).

Using identical arguments to those contained in the proof of Lemma 12, it follows that
D(fi+p—v)p—d+bs—m") < D(fYv—d+bs—m), i=1,2,

whenever p > v, so that a monopolistic merchant will never set p > v. It follows that p = v is the

profit-maximizing price. B
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