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one.
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1 Introduction

Card use is expanding in all industrialised countries for both retail and remote transactions.
Despite the wide and diverse range of card schemes active in the different countries, some
common features can be identified in almost all schemes independently of their geographic
dimension (local or international scheme) or specific functionality (credit card or electronic
purse). One of these constant features, and probably also the most controversial one is the
interchange fee (henceforth IF). In a card scheme there are three or four agents (three or
four-party scheme). In the case of a three-party system there is a buyer, a seller and a card
company. The latter signs up sellers and issues cards for buyers. In a four-party scheme
buyer and seller draw a contract with two distinct financial institutions', respectively the
issuer and the acquirer. The IF applies to four-party schemes and is a fee paid by the acquirer

2. Several motivations are put forward to justify the IF. Card associations claim

to the issuer
that the IF is necessary to equilibrate the cost imbalance between acquirer and issuer, to

internalise network externalities, to remunerate one agent for services supplied, to enhance

LOr at least not necessarily the same institution.
2This is the most common case. However there exist also schemes with ‘reverse’ or ‘negative’ interchange
in which case the IF flows from acquirer to issuer.



network participation for the benefit of all users.... Because the IF appears to be simply a
transfer between financial institutions, one might think that it has little economic impact.

This paper deals with the precise role played by the IF. In particular, we explore how the
determination of the interchange fee affects the network’s participation and efficiency. The
motivation for studying such an issue stems from two facts. First, the interchange fee was
recently questioned by several competition authorities®. Second, despite these concerns, the
IF, first introduced for credit cards, is being extended to numerous other card schemes and
banking services in general.

We provide a microeconomic model in which the IF is decided alternatively by a profit-
seeking card association and by a benevolent social planner who maximises welfare. We
then compare the two outcomes.

The paper is organised as follows. Section two deals with the characteristics of network
industries and the particular features of card networks. In section three we provide a short
review of the existing literature on card payment systems. In section four we illustrate
the main assumptions and set-up of the model. The model is then developed in section
five assuming that the IF is chosen by a card association and we derive the private optimal
interchange, the price level and the demand for payment services. In section six we perform
the same analysis assuming that the IF is chosen so as to maximise public welfare. We
then discuss the main findings of the model and we compare the public and private optimal
situations. We also provide a numerical application of the model using data from the Belgian

payment system. Finally, in section seven we conclude.

2 Cards as a network industry
2.1 Characteristics of network industries

Network industries are a very peculiar type of industry, with some characteristics distin-
guishing them from all the others. Examples of network goods and services are fax machines,
computer software, e-mail, video players, some banking services.... What distinguishes these
industries is the fact that they exhibit positive consumption externalities. Such externali-
ties, also called network externalities, imply that the value of a unit of the good increases
with the number of units sold, or to be more precise, the value increases with the expected
number of units to be sold. It follows that no utility is derived from the consumption of the
good in itself, while the larger the network, the larger the utility derived from the good.
Network externalities can have a strong impact on the development of the market because

the adoption of a certain good depends on consumers’ expectations with regard to the size

3For example see European Commission (2000) and Reserve Bank of Australia (2000).



of the network. Depending on expectations a network product could either develop very
fast or never develop at all. In order for a network to develop, a critical mass of users
must be reached. Only when the critical mass is reached all other potential consumers will
be induced to join the network. As a consequence, other characteristics enter into play
in network industries. These are complementarity and compatibility, switching costs and
lock-in, and economies of scale in production (Shy 2001).

The complementarity refers to the fact that consumers buy systems of goods rather
than individual goods. For example video players are useless without video tapes. Hence
video players and video tapes are complements. This leads to the compatibility problem:
complementary products must operate on the same standard, i.e. must be compatible. In
this regard the question arises of whether different firms benefit from adopting a common
standard. In case they indeed use the same standard, they must coordinate their decisions,
while competing among each other.

When a product becomes widespread, it is costly for the consumer to switch from one
product (technology) to another one, because of the learning effort involved or because of
contract and search costs. Thus, switching costs are also typical of network goods. The size
of switching costs determines to what extent consumers are locked-in. When consumers are
locked-in “firms may raise prices knowing that consumers will not switch to a competing
brand” (Shy, 2001, p.5).

Another recurrent feature of network industries is that production has very high sunk
costs but almost zero marginal costs. For example a new software requires large development
costs, but can be distributed via internet virtually without cost. Because of the large
economies of scale involved, these markets are often characterised by a few dominant leaders,

able to make large investments first and then exploit the economies of scale.

2.2 Peculiarities of the card industry

The card industry is also a network industry, i.e. it is subject to all the characteristics
mentioned before. In fact, a card by itself provides no benefit to its holder: the benefit arises
when the merchants are willing to accept it. Thus, potential consumers will increasingly
be induced to buy a card as many merchants accept it. At the same time, the larger the
number of cardholders, the more merchants will consider it worthwhile to accept cards.
Thus, network externalities are crucial to the development of card payments. In fact a
cardholder does not care directly about the total number of cardholders, but instead cares
about the number of merchants accepting it. Nonetheless, indirectly, individual cardholders
benefit from other consumers using the same card. This feature is what makes card networks

peculiar. In card networks there are two different kinds of final users. This contrasts with



other network goods, like the telephone, that have only one type of user. Someone having
a telephone can communicate with all other telephone-holders. As with other network
industries, there exists a compatibility problem in the card network. This problem, however,
will not be addressed in this paper?.

With regard to switching costs, for cardholders these might take the form of loosing
the benefit of loyalty programs or loosing access to a certain group of known merchants.
More relevant are switching costs on the merchant’s side. Apart from learning and training
considerations, a merchant who decides to switch from cards to another payment instrument
(or from one card to another one) faces an important cost in terms of reduced demand. In
fact, by accepting a certain card, merchants can reach new customers. Thus a decision to
stop acceptance would mean to take the risk of loosing these additional customers. It follows
that once the merchant enters a card network he is locked-in.

Finally, the card industry is also subject to significant economies of scale. Large in-
vestments are needed in order to build up the infrastructure for the transmission of the
information within the four-party network. However, once the infrastructure has been built,
the cost of adding an additional user (being merchant or consumer) to the network is neg-

ligible.
2.3 The Interchange Fee

Another peculiarity of a card network is the interchange fee. To understand the interchange
fee, it must be noted that there are two kinds of card schemes: three-party and four-party
schemes. In three-party schemes there is only one player (the card association) dealing
with the payer and the payee. The same institution signs up merchants, issues cards for
consumers and decides the respective fees. This is the case for example of American Express
and Diners Card. The more common four-party systems are characterised by two (possibly)
different institutions taking care of payer and payee, respectively the issuer and the acquirer.
A four-party system is often based on the interchange fee. This is a service fee paid by one
institution to the other one. The IF finds its justification in the fact that the production of
the card service is divided among two suppliers. As already mentioned, because of network
externalities, a cardholder does not only care about the card he receives, but also about
wide merchant acceptance. However, the latter does not belong to the responsibilities of

the issuer (with whom the cardholder has a contract) but of the acquirer. Since on both

1In case some suppliers of card services decide to become compatible, i.e. to operate under the same
standard, the level of externalities increases exponentially, producing a non negligible impact on the market
for such cards. A good example of a similar strategy is represented by Visa and MasterCard. Their decision
to adopt a common standard has resulted in a large expansion of their respective market and allowed them
to become a leading worldwide system.



the issuer and the acquirer’s side there are positive spill-overs, the interchange can take any
direction or not being present at all. There is no economic rationale justifying a certain
direction of this fee, nor is it clear how large it should be or whether it should be fixed or
proportional to the transaction’s value’. However, in practice usually the interchange flows
from acquirer to issuer, as issuers seem to have higher costs than acquirers.

Recently, the IF was called into question by central banks and antitrust authorities®.
This caused concerns about the precise role it plays. It should be noted that in network
industries the success of a company in the market does not only depend on how efficient it
is with respect to its competitors, but also on the timing and on the previously established
market power.

The main purpose of this paper is to explore to what extent the IF can be efficient from
an economic point of view. As one observer notes: “Interchange may be a tool that helps to
build an efficient payment system. But it may also be a tool to keep an inefficient system
alive. In the end the consumer would pay for such a system by higher prices. The trouble
is that there is no easy way to decide which option is true. In fact, at the same time while
the pricing policy of credit card companies is coming under fire some observers are arguing

that cash is inefficient, keeping prices high and harming consumers” (Krueger 2001).

3 Related Literature

The first article in the economic literature dealing explicitly with card payment systems was
Baxter (1983). Baxter argued that in order to maximise the benefit of the card payment
system merchants and consumers should be priced at their marginal cost. According to
Baxter the action of both issuers and acquirers determines the size of the payment system.
The interchange fee does nothing more than reallocating their costs so that it cannot have
any anti-competitive effect. However, Baxter’s analysis does not take into consideration any
incentive effect arising from the IF. For example in his model consumers do not know which
merchant accepts cards. In addition card’s acceptance has no impact on merchant’s profits
so that the merchant accepts cards only if he can afford their technological cost.
Schmalensee (2000) also investigates the card payment system, but focuses on the ques-
tion of whether the multilateral fixation of the IF can be considered as a collective price

fixing practice”. The author sets up a model with monopolistic issuer and acquirer where,

5Some card companies define the interchange as a demand management tool to maximise the usage of
the card service, characterised by joint supply and joint demand. Others define it as a fee for precise services
provided by one side to the other one. In sum, different card companies provide different explanations for
the IF, but they all use it.

6To give an example, the Australian competition authority and the European commission have dealt
with this issue.

"This is the main object of concern of the antitrust authorities.



like in Baxter (1983), the total size of the card network depends on the their joint effort.
Network externalities are such that the value of the payment system to the issuer is affected
by the behaviour of the acquirer and vice versa. The IF is determined through a two-stage
game and plays the role of shifting costs from one side to the other. Schmalensee finds that
increasing the IF also increases the size of the whole network. Moreover, Schmalensee shows
that when demand functions are linear, the profit maximising IF is also welfare maximising.
When the model is generalised to oligopolistic issuers and acquirers, the profit maximising
IF departs from the output maximising one in the same direction as the welfare optimal IF.
However, Schmalensee does not investigate whether issuers and acquirers have incentives
to exploit the locked-in condition of merchants and the possible repercussions of this, in
particular whether this can lead to distortions of retail pricing.

Rochet and Tirole (2000) develop a model of bank card payments were issuers have
market power, while acquirers are characterised by perfect competition. Consumers and
merchants decide on whether to enter the card network and the analysis concentrates on
the strategic behaviour of merchants. More specifically, consumers take a card only if the
card fee does not exceed the benefit from cards. The authors explore under what conditions
a situation in which all merchants accept cards is an equilibrium. They find that there is
a threshold level of the IF such that the acceptance of all merchants is an equilibrium®. If
the IF is higher, no merchant entering the card network is also an equilibrium. Rochet
and Tirole also find that in equilibrium under the Non Discrimination Rule (NDR)?, the IF
chosen by issuers will be either equal to the welfare maximising IF or higher, thus leading
to over-provision of cards!’. In contrast, without the NDR, the IF no longer affects the
diffusion of cards. In this case the IF set by issuers can lead to under-provision of cards.

Wright (2000) and (2001) extend the model of Rochet and Tirole with Bertrand and mo-
nopolistic competition for merchants. Wright’s model focuses on the efficiency of the NDR,
rule more than on the efficiency of the interchange fee and, as Rochet and Tirole, explores
under what conditions all merchants accept cards. A new feature introduced by Wright is
that he does not restrict the number of transactions, which allows him to distinguish be-
tween consumers’ membership to the card network and their decision to use the card. This
highlights the credit function of credit cards. He finds that in the case of Bertrand-type

competition and if the NDR rule holds, merchants pass on to consumers all costs of the card

8Merchants compete according to the Hotelling model.
C - . .
states that hants ca ; surche : § g
9This rule states that merchants cannot surcharge or offer discounts to consumers depending on the
instrument they use to pay for the good.
alisati - anot ilibri S rchants’ reaction. authors writ
The realisation of one or another equilibrium depends on merchants’ reaction. The authors write
). : w merchant resistance is more conducive to overprovision -ards|, and higher resistance t
21): “Lo erchant resistance is more conducive to overprovision [of cards], and higher resistance to
social optimality of the association determined fee”. However in the real world, the achievement of a high
merchant resistance equilibrium, where no merchant accepts cards, seems quite unlikely to happen, mainly
because of coordination problems. Thus we must conclude that, in practise, card associations are very likely
to select an IF higher than the socially optimal.



system by increasing prices. This has the consequence that nobody uses cards. In this case
all benefits from card payments are eroded. The same occurs in the Hotelling model when
there is no NDR. In general Wright finds that the NDR is beneficial in that it prevents
merchants from extracting the additional surplus arising from card use. Without the NDR
merchants would increase their prices and consumers would not be willing to sustain the
cost of entering the card network, with the consequence that there would not be a card

system.

4 A model of card payments

In the initial phase, the development of the network crucially depends on the attainment of
a critical mass. This means that in the starting phase it is vital for the network to achieve
a sufficiently large participation of merchants and cardholders. Merchants will decide to
accept cards only if the profit they obtain from accepting both cards and currency is at least
equal to the profit from cash transactions. In other words, in order to enter the network
merchants must receive positive marginal profit from card acceptance, while consumers must
have a positive utility from card usage. The card association and the financial institutions
belonging to the network decide the interchange and the fees’ level. The interaction between
consumers and merchants and their banks allows the network to become sufficiently big and
to move to a stable phase.

We assume that during this starting phase the number of cardholders and merchants
participating to the network increases (and exceeds the critical mass) while the price level
remains unchanged. This price level - and the resulting interchange and fee levels - that is

compatible with a high level of card development is an equilibrium situation.

4.1 Assumptions

I. The so-called Non Discrimination Rule (NDR) holds: merchants are not allowed to

surcharge cardholders or to offer discounts for cash payments.
II. Payments are by cash or card and there is only one payment card scheme.

ITI. Some consumers hold a card and they always prefer to use it when possible (i.e., when

the seller accepts it).
IV. Consumers are fully informed about the acceptance attitude of merchants.

V. Issuers and acquirers have some degree of market power.



4.2 The agents

Issuers: Issuers bear some operating costs ¢! and receive an interchange fee a, from ac-
quirers for each transaction. Usually they also receive fees from cardholders''. We assume
that cardholders pay a fee to issuers, f® = (3, where 8 can be positive in the event card-
holders actually pay a fee, or zero. In the latter case issuers implicitly subsidise cardholders
in order to stimulate their participation'?.

I

The profit function for issuers, 7 is as follows

= [a+fB—cI] D,
where D, is the number of transactions made with all cards.

Acquirers: Acquirers also have operating costs, ¢ assumed to be fixed, and pay a share
of the transaction amount to issuers, the interchange fee, a'®. They also collect fees from
merchants: a fixed fee from every merchant f§ and a transaction-based fee ad valorem
f%(a) = a+ ¢, with ¢ > 0 being the transaction-based operating cost (and profit) of the

acquirer!*. Then, acquirers’ profit 7 is:
74 = (fOS - cA) N® 4+ ¢D.

with N° being the number of all merchants belonging to the card scheme.

Consumers: Consumers use cash and cards.

For cash, consumers bear a cost mainly constituted by the risk of loss, theft, float and
the time spent in trips to their bank. We call these costs mg, and assume these to be
fixed'?. The utility value of money vp, is the value consumers derive from paying by cash.

So consumer’s net utility from cash is
B
U,, =vg — my.

For cards we assume that cardholders pay a transaction-based fee, fZ to the issuer. This
fee is sometimes equal to zero, because as card-issuers receive a revenue from acquirers, they
can avoid charging cardholders. Card associations claim that this subsidization in favour of

cardholders, made possible thanks to the interchange fee, is beneficial for the network as it

H However card issuers often claim that these fees are not sufficient to cover the costs incurred, so that in
practise they provide cardholders with a positive transfer per transaction.

12The superscript “B” stands for buyer.

13T6 be more precise there is another entity in between card issuer and acquirer, that is the card company.
The card company also receives a share of the interchange fee but that is omitted for sake of simplicity. In
any case this does not affect the main conclusions.

M The superscript “S” stands for seller.

L5With the exception of the float, these costs are clearly a fixed amount.



allows for a larger participation to the network and consequently increases the value of the
network as a whole!%.

Consumers’ valuation of cards depends on the network’s expected size, ¢¢. Such positive
valuation v(¢®), is equivalent to a reduction in the marginal cost or an increase in the demand

function. The cardholder’s net utility takes the form
Ul =v(¢°) - f*. (1)

Merchants: We assume that merchants do not bear any costs for the goods they sell.
They only have costs related to the payment instruments they accept. As a consequence,
the final price that we derive is the amount just necessary to cover the transaction costs
involved in the provision of payment services. For notes and coins merchants have a fixed
cost, T}, > 0 which is related in the time spend in storing, counting, providing the change,
etc.

For cards merchants pay a fixed cost (renting or purchase of terminals, telephone line
etc.) fy, and a proportional fee per card transaction f(a).

Thus the cost for accepting cards by merchants is:
cg = foN® + f*(a)D. (2)

S

> is the merchants’ total cost for card payments, D, is the demand for such card

where ¢

transactions and N is the number of merchants accepting cards.

4.3 Two-phase development of the card network

In the first phase of the network development merchants decide to accept cards only if their
activity based on card and currency acceptance is at least as profitable as their activity
based only on cash transactions. Of course card’s acceptance involves several benefits for
merchants, but this is not enough to convince them to bear additional - and sometimes high
- costs. In order to offer an additional payment solution, merchants have to gain additional
sales (i.e. new customers). This idea is in line with Rochet and Tirole (2000, p.3) “A
merchant’s total benefit and thus its decision whether to accept a card depends not only on
the merchant’s technological benefit (fraud control, theft protection, speed of transaction,
customer information collection,...), but also on the product of its increase in demand due
to system membership and its retail markup”. In other words, merchants must get non-
negative marginal revenue from card transactions. This marginal revenue will be very large
at the beginning, and decreases with the size of the network. Thus we measure merchants

utility as the profit they derive from their activity.

1610 reality cardholders usually pay a fixed cost (usually an annual fee), but we neglect it for sake of
simplicity.



As the network becomes larger and reaches the critical mass of both consumers and
merchants, the marginal revenue of card transactions for the merchant approaches zero. At
this stage the merchant cannot refuse cards anymore because the loss from not accepting
them would be much larger than the cost of cash (their opportunity cost of cards increases).
Card associations know that merchants are, in a sense, “locked-in”. Obviously they will now
try to extract the maximum profit from merchants and therefore they have strong incentives
to increase merchant fees. Since the merchants’ elasticity with regard to the fees they pay
tends to zero, card companies can increase merchant fees (and the IF) without loosing any
merchants. Put differently, the monopoly power of card companies increases.

We assume that for some level of a > a* the acceptance condition holds till a certain
level of a (a**) that is too high. So for a* < a < a™* the merchant’s profit from accepting
only cash transactions, 7%, is smaller or equal to the profit derived from accepting both card
and cash payments'”. Let p, = p(a*) be the common price for cards and cash payments
set by a merchant that accepts cards and, D,, and D, the demand for goods purchased by

means of notes and coins and by card respectively
s s
7 (D) < 77 (D + D) (3)
or, put differently, the profit from card transactions must be non-negative,

71—S(Dc) = Pch - CS

c

>0 (4)

with ¢ defined according to equation (2).

4.4 A linear city model

We consider a standard Hotelling model of a linear city with a continuum of risk-neutral
buyers. The buyers are indexed by x and are uniformly distributed along the segment of
length equal to 1. We assume that if they hold a card they always prefer to use their card
rather than currency when possible. There are two merchants located at the extremes of
the segment. They sell identical goods but are differentiated insofar as they offer different
payment services. In particular one accepts only cash payments while the other also accepts
cards. Potential consumers decide whether to take a card and choose a store incurring
transportation costs ¢, reflecting the fact that the services offered by merchants are differ-
entiated'®. Merchants decide whether to accept cards and the price level non-cooperatively.

Note that we exclude corner solutions, i.e. we exclude the possibility for a single mer-

chant to capture the whole market. Even if all buyers were cardholders it could be that

1"Note that the utility of the merchant from a particular payment instrument corresponds to the profit
he makes from the sales paid with that instrument.
18 This is in addition to the costs and benefits mentioned in section 4.2.
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a cardholder, even knowing that a merchant does not accept cards, still buys from him
because it is closer to his location (in which case ¢ is larger than the card’s opportunity
cost).

The actions of the agents take place in three stages:

Stage I: Issuers and acquirers (or alternatively a central planner) set the interchange, a,
and consequently the fee level for merchants and consumers.

In the first case, the financial institutions, given their costs’ structure, set the cardholder
fee, fB and the merchant fee, f°(a) so as to maximise their joint profit. In the alternative
case a welfare maximiser sets interchange and user fees.

Stage II: Merchants observe the fee imposed on them and set the price level so as to
satisfy their acceptance condition involving positive profits. Because of the no-surcharge
rule'?, merchants must set the same price for cards and cash payments.

Stage III: Consumers decide whether to take a card, and what means of payment to use
when buying a good. Consumers opt for a merchant given his price and knowing whether
he accepts cards or not. If the merchant does not accept cards and the customer is a

cardholder, the latter faces an opportunity cost equal to the card benefit.

5 Private determination of price and fees

We solve for the sub-game perfect equilibrium interchange fee set by the bank association
and consequently the fee level imposed to merchants and cardholders.

At the last stage (stage III), buyers - who might hold a card or not - choose a particular
merchant for their purchase, thus deciding what payment instrument to use.

The utility function of consumers indexed by z is

UB — v(q®) — fP —tx — p. if they pay by card (5)
) vg—mg—t(l—2z)—pp, if they pay with cash

where t is the differentiation parameter for merchants and can be interpreted as spatial
distance between them or, as different payment options available to their customers; we
assume t to be bigger than zero. Finally p. is the price for goods sold by merchant A
accepting cash and cards and, p,, the price imposed by merchant B, accepting only notes
and coins (see Figure 1).

As already mentioned in section 4.2, the utility function of consumers who pay by card

exhibits network externalities since it increases with their expectations about the size of

198ee Assumption 1.

11



network?’.  Similarly to Schmalensee (2000) we assume that the value of transactions is
v(q®) = f(z,y) = a(zry), where z is the consumers’ willingness to carry and use cards, y
represents the merchants’ willingness to accept cards and « is a positive measure of the
network externality and is smaller than t>'. In equilibrium expectations are fulfilled so that
the expected size of the network equals its actual size.

Let Z denote a particular cardholder who is indifferent between buying from merchant
A or B (see Figure 1). Thus from (5) we derive the consumers aggregate demand for card

services,

I55UER

F
I

CONSURERS

1]

T 1
h ‘V’ A \__Y_/

Buy from Mlerchant & Buy from Werchant B:
cash + card cash
ACOUIRER

Figure 1: The linear city model

U(qe)—fB—tf—pczvo—mo—t(l—@\)—pm

where v(¢°®) = ax, since y =1 (in our linear city model only one merchant accepts cards),

which implies:

B
t7v0+m07f Pm — Pe
2t — « 2t — «
B
t—atvg-—mo+f L P Pm (6h)
2t -« 2t — o

201t should be noted that the cash-network also benefits from positive externalities. However this aspect
is not considered here as in the model we do not take into consideration the whole circle and agents related
to the cash network. Moreover, since notes and coins are legal tenders, no fees are imposed on them and
are often perceived as for free by buyers and sellers. Finally the cash-network is not characterised by such
a thing as the interchange fee in order to internalise the externalities.

21 This assumption ensures us a downward sloping demand for card services.

De=%= (6a)

D,=1-%Z

12



Note that since one merchant accepts only cash and the other cash and cards and, since
according to Assumption III, cardholders always prefer to use their card when possible, it
follows that the demand for the two merchants corresponds respectively to the demand for
card payments, D, and, the demand for cash payments, D,,.

In stage II, the seller decides whether to accept cards and sets its price given the costs
he incurs for cards and currency and given the demand he faces. From section 4.3 the card

acceptance condition for merchant A implies the following problem,

75 = (pc — f%(a))D. — f§ > 0. (7)

Thus merchant A will determine the price level for his goods paid both by cash or card,

De, SO to maximise his profit. Substituting (6a) into (7) we obtain

maxwi = [pc — fs]

Pe

t—v0+m0—fB+pm—pc 48
2t — « 2t — « 0

Similarly, merchant B chooses his price p,, to maximise his profit given by

7% = (Pm — Tin) D,y (8)

substituting (6b) into (8) merchant B solves the following problem,

maxnyp = +

S (p 7T) t70‘+”07m0+f3 Pec — Pm
D menm 2t — A—a )

The prices derived from the merchants’ problem are as follows:

B T7n7 — fB 2 S
Pe = t+ o 'U0+ 3 a f i f (9&)
vg —mg + 2T, — 2+ fB + f7

3

Pm = t+

(9b)

The last two equations deserve some attention. First, as expected both prices increase
with the differentiation parameter, t. Second, from (9a) one can see that p. decreases with
the fee paid by consumers participating to the network, fZ. This means that if cardholders
are subsidised (i.e. fZ = 8 = 0), the final price for goods will be higher. Third, a, the
network externality effect, reduces optimal prices, while the interchange fee raises prices,

with p. rising twice as much as p,, (recall that f¥ = a + ¢). Finally, prices increase with

13



the fixed costs related to cash, T,, and with acquiring costs, ¢ (again with p. rising twice
as much as py,).

In sum, if the NDR is in place, a merchant accepting cards must set a common price for
cards and currency. This price decreases with the cardholder fee, implying that if buyers
are directly charged for card services, they pay a lower price. Conversely, if buyers receive
incentives to participate to the system by receiving card services for free, the final price
they pay for goods will be higher. The price level also increases with the interchange fee
and with the merchant’s differentiation parameter; the same holds also for the price set by
the merchant accepting only cash. However the effect of network externalities decreases the

price of both merchants.

5.1 Optimal interchange fee

In light of these results, we obtain the demand equations

3t —w—a—fB—f9

De = 32t —a) (10a)
_ 3t+w—2a+ fB+ f8
D, = 2= o) (10b)

where w = vg — mg — 1T,
In stage I we substitute the new demand functions found, (10a) and (10b), in the profit
function of the two financial institutions supplying card services. These set fees for merchants

and cardholders so as to maximise their joint profit I122,

I = aD,— c¢'D.+ D, + f§N® + f¥(a)D, — ¢*N® — aD., (11)

= fBD.+ f%(a)D. — ' Do+ f§ — ¢

where N¥ is the number of merchants accepting cards, which in our linear city is equal
to 1. Substituting the value of £ and f°(a) and maximising the joint profit with respect

to the interchange fee we obtain the following first order condition,

_a+¢+,3—cl dt—w—a—¢p—a—p

32t — a) 3(2t— a) =0

from which we derive the profit maximising level of the interchange fee:

22This reflects the fact that in reality the IF is set by the card association, which gathers together issuers
and acquirers.

14



*

a

I
:3t—w—a+2c —Qd)fQB. (12)

From expression (12) it appears that the IF could be positive or negative depending
on the parameters of the model, which is in line with the literature and with the existing
schemes?3.

It is not clear from this expression what role the interchange plays in internalising ex-
ternalities. On the one hand, the network externality effect a has a negative impact on
interchange, that is to say that the larger the network, the smaller is the optimal inter-
change. On the other hand, the cardholder’s fee 3 has a negative impact on the IF. This
implies that if issuers decide to subsidise consumers’ participation by setting 8 = 0, the op-
timal IF will increase. Similarly a higher transport cost and higher issuer’s technical costs
will also need a higher interchange fee. Thus, in order to be able to say something about
the impact of the interchange fee we have to see in what way it affects merchants’ market
share.

Another consideration about equation (12) concerns its practical applicability. To be
efficient the IF should be set on the basis of very detailed information about issuers and
acquirers’ cost structure, but also about consumers valuation of cash and cards. However,
in the real world networks are sometimes transnational with a multitude of merchants and
consumers with different tastes and many issuers and acquirers with different cost structure
and profit preferences. Collecting such information is not an easy task for a card associa-
tion. A wrong perception about individuals’ preferences could easily lead to a non-optimal
interchange fee.

Substituting the privately optimal interchange fee (12) in the demand functions (10a)

and (10b), we obtain the equilibrium market share of each merchant

3t —w—a—c!
Dty = - 1
¢ 62 —a) (132)
y 9t +w —5a +cf
D = (13b)

Note that as the two merchants together serve the whole market their demand adds up
to 1. The equilibrium profit level for acquirer and issuer together is obtained by substituting

a back in (11),

(3t—w—o¢—cl)2
12(2t — )

I = + fo — ™ (14)

23Usually the interchange fee is positive (flowing from issuer to acquirer), but is can also flow in the opposite
direction. For instance, in Australia the EFTPOS debit card scheme is based on a reverse interchange fee
bilaterally set between banks.
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Finally, we substitute (12) into (9a) to find the equilibrium price,

6t — 2w — 2a + ¢! — 33
Pe = 3 .

(15)

It is easy to see that a variation in the cardholders’ fee (3, implies an equal and opposite
change in the price. Network externalities also have the effect of decreasing prices.
Finally,

9t + vg — mg + 5T, — b + ¢!
Pm = 6 -

Note that while cardholder fees do not enter the equation for p,,, the network externality
effect does. Surprisingly network externalities decrease the cash-price more than the card-

price.

6 Welfare

We now analyse the same type of card network when the interchange is determined by a
benevolent social planner maximising welfare, rather than by a card association. The social
planner wants to achieve the largest possible network at the smallest cost.

Welfare is defined in the usual way, i.e. welfare is the sum of consumers’ and producers’
surplus. In particular, in our economy, welfare is given by the sum of consumers’ utility,

merchants’ utility (U®) and the profit of issuers (77) and acquirers (7).

W—/medac+/1deac+US+7rI+7rA
0 T
cw(1—F)— 7 — e %(145)% %55%%552 (16)

Since fees and the interchange fee are transfers among financial institutions, merchants
and cardholders, they all cancel. As a result, social welfare is reduced to the net value to
consumers and merchants from currency minus technological costs incurred by issuer and
acquirer, net of aggregate differentiation cost. In addition there is also a last term due to the
network externality effect, %5:\2, which has a positive effect on welfare. In other words, the
effect of network externalities decreases the cost of aggregate differentiation of the payment
services in the economy.

From equation (16) one can see that welfare is not directly affected by the interchange
fee. Notwithstanding that, indirectly welfare still depends on IF as consumers’ demands,
1 — 7 and 7, are functions of a. It can be shown that an increase of the interchange fee

reduces total welfare. We find the level of interchange that maximises welfare as

a’ =3c"+2w—a—-9¢-3. (17)
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Based on this formulation of the IF we obtain the market share of merchant A and B
respectively that are associated with the maximum welfare. In other words, we find the
portion of consumers that makes purchases paying by card, DY and the portion that pays

with notes and coins, D,

w t-w-—d
Do =——o~ (182)
w t—a+w+cl

6.1 Optimal interchange fees and externalities

In the previous section we determined the functional forms of the interchange fee that
would be chosen by a social planner maximising welfare and the associated demand for
card services. In the present section we investigate how changes in the level of network
externalities, «, affect the interchange and the market for cards. Moreover, we compare
the results from the welfare set-up with the results of the profit maximising setting.

In order to do so we have to introduce some simplifying assumptions. We first assume
that ¢ = 0, that is to say that the acquirer charges the merchant only for the interchange and
not for its operating cost or profit. In addition we assume § = 0, meaning that cardholders
do not pay any per-transaction fee?*. We also assume that p. = p,,, and that w is a positive
value. This last assumption reflects the idea that the net utility of cash to its users is larger
than zero?®. With these assumptions, equations (13a) and (18a) remain unchanged, while

(12) and (17) are simplified to

t—w+c —a t—w—c —a
I — d Df=——— 19
“ 2 e e 6(2t — o) (19)
and,
t—w—cl
w I w
= 2w — d D= —0—. 2
a 3" +2w—a, an . 5o (20)

These equations are plotted in Figures 2, 3 and 4. In the upper chart, we set out the
level of interchange fee on the vertical axis and the level of network externalities on the
horizontal axis. In the lower chart we present the level of demand for card services on the
vertical axis and the level of network externalities on the horizontal axis. The three figures
show the same curves for different values of ¢. Remember that a < t, thus the zone of

interest is only the shaded area.

241f B £ 0, i.e. if cardholders pay a fee for cards, the results of the comparison between the two optimal
interchange fees does not change. In fact, § affects a* and a® exactly in the same way. The same is valid
for ¢.

25We believe that such assumption is not unrealistic, given the so widespread use of currency throughout
the countries.
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A first observation from these figures is that, for any ¢, the interchange fee decreases in
«. This means that if a network is small - and as a consequence externalities are also small
- the optimal interchange should be very high. The larger the externalities become, the
smaller is the IF. This reflects the idea that the interchange is a device that should allow
the network to reach the critical mass faster. However as the externalities become larger, the
welfare optimal interchange decreases faster than the profit maximising one, which suggests
that a™ can better internalise the positive externalities.

The situation is different for the demand for card services. If ¢ is small (see Figure 2),
meaning that consumers perceive cash and card services as very similar, then the market
for cards decreases in . In this case the externalities are too weak to make the card service
valuable. In contrast, with a large t, i.e. when the service offered by merchants is perceived
to be more differentiated (figures 3 and 4), the demand for cards increases with network
externalities, producing the outcome typical of network goods: the larger is the network,
the larger the utility and thus the demand for the service.

Let us now compare the results from the two set-ups?S. Figure 2 shows what happens

—3W§201. One can see that the welfare-

when ¢t is small, where small is defined as t <
optimal interchange, a™ lies above the private-optimal interchange a* and both are positive.
This means that when the differentiation parameter for merchant services is small and,
consequently there are few network externalities?’, the benevolent social planner in order to
internalise such externalities would set the IF at a level that is higher than the one set by a
private card association. This higher interchange fee results in a demand for card services
that is not only lower than the market produced by the privately optimal IF, but is even
negative. In sum, when ¢ is small and externalities are small too, if a social planner sets the
IF there is no market for cards. While with the privately optimal IF there exists a market
for cards for small enough levels of a. When « becomes large the market for cards also
vanishes. It follows that if ¢ is small, the benefits of cards do not become widespread and
the network never develops.

Figure 3 shows the interchange fee and the demand when &32"—01 <t< %(w +c!). In this
case for low levels of a the welfare optimal interchange fee is higher than the profit max-
imising one. However, as a® decreases faster, it becomes smaller than a* when externalities
are large enough. The demand for card services follows the opposite trend: at the beginning
the demand deriving from a* is smaller, but as a® goes down, the corresponding demand

becomes larger and moves above the private optimal demand.

26We also derived the optimal interchange fee and demand for card services using alternative welfare
definitions. These alternative definitions identified welfare only with users’ surplus. However they produced
results very similar to the one showed here. Thus the main conclusions are the same, whatever welfare
definition we use.

27Since a has to be smaller than t.
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Figure 2: Interchange fee and market for cards, small t
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Figure 3: Interchange fee and market for cards, intermediate t
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Finally, when ¢ is very large (¢t > %(w + ¢l), see Figure 4), the private optimal IF is

always larger than the social optimum IF and yields a demand for card services that is

always smaller than the one derived from the welfare maximisation.

1!

2y

Figure 4: Interchange fee and market for cards, large t

6.2 An application of the model

In the previous section we compared the private and the socially optimal interchange fee
by introducing some simplifying assumptions on the variables. In this section we compare
again the two optimal IFs. However, this time we do so by using real data concerning the
Belgian payment system. The figures we use come from the study by De Grauwe et al.

(2000).
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Again we consider equations (12) and (17) and we substitute the euro values into ¢, ¢!
and (3%%. It was not possible to identify a proxy for w, hence we simplify by assuming w = 0.

Thus we obtain:

ot — 3t—a—0.74 (21)
2
and
a¥ =018 —« (22)

It follows that the private optimal interchange fee is likely to be positive for a wide
range of values of ¢t and «. By contrast, the welfare maximising IF is always negative unless
externalities are very small (smaller than 0.18). In particular, a* turns out to be larger
than the welfare maximising interchange fee; a* is smaller than a* only in the case both «
and t are particularly small. Therefore the Belgian example seems to suggest a situation
similar to the case represented in Figure 4, where the privately optimal IF is larger than
the welfare maximising one. Moreover a® could be negative. Thus, according to this
particular example a benevolent social planner would exploit the externalities typical of the
card network by using a smaller interchange fee with respect to the one that would be chosen

by profit seeking card associations.

7 Conclusion

In this paper we have investigated the functioning of card payment schemes paying a par-
ticular attention to the role played by the interchange fee. We developed a linear city model
with two shops. The shops sell identical goods, but offer different payment possibilities.
One merchant accepts only currency, while the other also offers card payment services but
sells his goods at a unique price (according to the “non-discrimination rule”). We then
derive the optimal interchange fee, as it would be set by a private card association and by
a social planner maximising welfare. These two resulting interchange fees produce different
consumer prices and demands’ for cash and for card services.

We find that the optimal interchange fee always decreases as network externalities in-
crease, independently of the way the interchange is determined. This finding suggests that

the interchange fee, interpreted as transfer flowing from the acquirer to the card-issuer, is

281n Belgium there are three card schemes active for retail transactions: electronic purses, debit cards and
credit cards. The figures we use in this section refer to the weighted average for the three types of card.
Therefore we derive a value for the variables in question as if there was a single card scheme as opposed to
cash. We find ¢ = 0.07, ¢! =0.22 and 8 = 0.42.
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particularly useful in the starting phase of the network development. However as the size
of the network increases, the optimal interchange will go to zero or become negative, i.e.
flowing from the issuer to the acquirer. As far as the optimal demand for card services is
concerned, if the distance between the two shops and the level of externalities is small, the
card network either never develops or dies out quickly. In this case the network size does
not appear to be positively related to the level of network externalities. However, when the
distance dividing the two shops becomes larger together with the level of externalities, the
demand for card services grows with the externalities, at the beginning slowly, but then very
fast. Comparing the two settings, we generally find that the welfare optimal interchange
fee internalises the externalities better than the profit maximising one. Depending on the
differentiation parameter for merchants, ¢, the private optimal interchange fee can be smaller
or larger than the welfare optimal one. However, if t is large enough - and thus also the
externalities -, the private optimal IF is larger, even if it shows a decreasing pattern. This
IF is reflected in the pattern of demand for card services insofar as it produces a network
that grows more slowly as externalities become stronger and, is smaller in size than the
welfare optimal card network.

We also provide a numerical application of the model using data from the Belgian pay-
ment system. We find that the welfare optimal IF is negative for sufficiently high levels of
externality. Conversely, the interchange fee that would be selected by a card association is
very likely to be positive. Thus the Belgian payment system seems to reflect the last case
of our theoretical analysis insofar as the IF selected by the market lies above the welfare
optimal IF. This situation is very likely to produce a card payment system smaller than the
optimal one.

One possible interpretation of our findings is that the IF may indeed create incentives
for the creation and expansion of a card payment network, as reflected in a high welfare
optimal IF for small levels of externalities. Nevertheless, as the installed base of merchants
and cardholders increases (which is translated in large externalities), there is no longer a
need to provide such incentives. As a consequence, the welfare optimal IF decreases faster
and may become negative. However, card associations know that when the installed base of
users is reached, merchants are very unlikely to drop out. At this stage, card associations
have relatively little incentive to reduce the IF, even if the economies of scale would allow
it. Thus, such a mechanism can explain why the privately optimal IF decreases more slowly
than the welfare optimal one and is generally larger. As a result, merchants are induced to
raise retail prices at the expense of final consumers and ultimately of the card system itself.
Thus, there is indeed some ground for the concerns raised by the competition authorities.

In any case we believe that this fascinating topic needs more investigation. It would be

23



interesting, for instance, to explore the same kind of model we used in this paper in the case

surcharging is allowed. We leave this topic for further research.
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Appendix 1: The variables of the model

Table 1: List of variables

a

D.=%
D,, =1-z
t

«Q

P=p
fS=a+¢
CA

ol
w=vy—mg—Tpm
Vg — My
T

interchange fee paid by issuer to acquirer
demand of the merch. A accepting both cards and cash
demand of the merch. B accepting only cash
transport cost

network externality effect

fixed fee paid by cardholder to issuer
merchant fee paid to acquirer

acquirer’s technological cost

issuer’s technological cost

users’ net utility from cash payments
consumer’s net utility from cash payments
merchant cost related to cash
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