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Abstract

We develop a model to study the deployment of shared ATMs when an interchange
system compensates banks for processing non-customers’ withdrawals. The interchange
fee is chosen cooperatively by banks. We show that a high interchange fee softens com-
petition on the market for deposits but increases competition to process withdrawals.
As the former effect dominates the latter, profits are increasing with the interchange
fee up to some level. This confirms the presumption that the interchange system can be
used as a collusive device by banks. We show that the cooperatively chosen interchange
fee does not decrease when the number of banks gets higher or when deployment costs
decrease. These results are consistent with the empirical evidence concerning inter-
change fees. The model also predicts that the size of the shared ATM network exceeds

the socially optimal level when the number of banks is large enough.
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1 Introduction

In many countries, banks share their automated teller machines (ATMs) in regional or na-
tional networks: a cardholder of a bank can use an ATM of another bank of the network
and make a “foreign withdrawal”. The cardholder’s bank pays an interchange fee to the
ATM-owning bank to compensate it for the costs of deploying the ATM and providing the
service. In general, this fee is set collectively by the network members. A network switch,
typically owned by banks, acts as a central device and permits clearing.

! First, evidence suggests

Several observations have been made about interchange fees.
that they involve a substantial mark-up over the average cost of providing ATM services. In
Australia, Great Britain and the USA, the mark-up is close to 100%. Second, interchange
fees have remained largely unchanged over the last two decades despite the fall of deployment
and communication costs and the entry of new banks into the ATM market.

Economists and antitrust authorities consider the joint determination of prices with sus-
picion. They argue that the cooperative setting of interchange fees explains why they remain
sticky above the average cost of providing ATM services (See Balto (2000)). On the other
hand, other economists suggest that interchange fees are necessary to guarantee the univer-
sal access to ATMs and are mainly a transfer payment to equilibrate the costs and benefits
between the cardholders’ banks and the ATM owners (See Cruickshank report (2000)).

This paper studies the role of interchange fees in ATM networks and addresses the fol-
lowing questions: Why are interchange fees so much higher than the average cost of ATM
services? What is the effect of the cooperative choice of interchange fees on banking pricing?
Is there over- or under-provision of ATMs compared to the social optimum?

To answer these questions we set up a model in which banks set the interchange fee

cooperatively but choose the ATM deployment and the prices non-cooperatively. Consumers

!See Reserve Bank of Australia (2000), Cruickshank report (2000) and McAndrews (2003)



pay a unique account fee to their bank to obtain both basic banking services and the unlimited
access to the shared ATM network. Banks compete a la Bertrand on the deposit market. We
show that banks collude on high interchange fees in order to reduce competition for deposits.
The consequence is that the size of the shared network is above the socially optimal level if
there are sufficiently many banks. The properties of the interchange fee jointly set by banks
fit the empirical evidence: the fee exceeds the marginal cost of processing a withdrawal and
it does not decrease when the number of banks grows or when deployment costs fall.

Let us get an intuition for the results. As there is no ATM usage fees, the shared network
is a public good for cardholders. Banks do not deploy ATMs to attract deposits, but rather
to process withdrawals and receive interchange fees. When the interchange fee exceeds the
marginal cost of processing a withdrawal, each bank is willing to process the withdrawals
of competitors’ cardholders and to reduce its own depositors’ foreign withdrawals. Hence,
there must be a positive mark-up of the interchange fee over the processing marginal cost to
give banks incentives to deploy ATMs.

Nevertheless, the interchange fee is not only a transfer payment, but also a collusive
device. To understand why, observe that there are two effects when banks raise the inter-
change fee. On the one hand, the competition for processing withdrawals is strengthened,
more ATMs are opened and banks’ deployment costs increase. On the other hand, each
bank is less willing to accept depositors because the foreign withdrawals they make induce
high interchange outflows. Consequently the competition for deposits is relaxed, account
fees increase and banks’ revenues rise with the interchange fee. We show that as long as
the account fee is below depositors’ reservation price, the effect on revenues dominates the
effect on costs so that banks’ profits are increasing with the interchange fee. Nevertheless
they are not indefinitely increasing. Depositors’ reservation price gets higher with the size of
the ATM network, but less and less as the network is expanding. When the interchange fee

becomes very high, the account fee is bounded from above by the reservation price and does



not rise enough to cover the additional costs of ATM deployment: profits begin to decrease
with the interchange fee.

At the cooperative stage, banks choose the interchange fee to maximize joint profits. We
show that the network size is over-optimal if there are many banks or consumers’ reservation
prices are high. When the first condition is met, the over-provision of ATMs comes from
the fierce competition between banks to process withdrawals and receive interchange fees.
When the second condition is met, banks choose a high interchange fee to extract consumers’
surplus through high account fees and many ATMs are deployed. When the two previous
conditions are not satisfied, the ATM deployment may be optimal.

In our model, customers pay a fixed account fee to their bank, but there is no ATM
usage fee. This pricing scheme is observed in many European countries.? In other countries
like the USA, banks impose surcharges on non-customers for using their ATMs and foreign
fees on their depositors for making foreign withdrawals. Massoud and Bernardt (2000a,
2002b) and Croft and Spencer (2004) consider models more suited to the American ATM
market. The American pricing scheme leads to different behaviors of banks and customers.
First, the shared network is no longer a public good for cardholders: when several ATMs are
located at the same distance from a cardholder, the cardholder prefers her bank’s machine.
Second, surcharging affects the choice of where to establish deposits: consumers prefer banks
with large ATM networks to avoid being surcharged. Third, surcharges enhance the ATM
deployment: banks deploy ATMs even if the interchange fee is nil because they receive
surcharges from non-depositors.

Massoud and Bernardt (2002a, 2002b) consider a framework without interchange fees in

which banks impose surcharges on non-depositors. In (2002b), they show that surcharging

2Tt is for example the case in France, Great Bitain, Italy and the Netherlands. In these countries, the
ATM usage is only exceptionally charged by banks. See Bolt (2003) for the Netherlands, Ganguly and Milne

(2001) and the LINK network (2004) for the UK and the GIE CB (2004) for France.



leads to an over-provision of ATMs. Banks propose a two-part tariff to their customers and
a linear surcharge to non-customers. Consequently banks can extract their own customers’
surplus more efficiently and they compete for a larger customer base. As customers prefer
to choose a bank owning many ATMs, banks over-provide ATMs and raise their surcharges
to make competitors’ banking services less attractive. In an empirical work, Massoud et
al. (2004) show that large banks with many ATMs increase their deposit market shares
at the expense of smaller banks that have fewer ATMs: surcharges consolidate the market
power of large banks. In our model, all ATMs are created equal from the perspective of
consumers and banks cannot attract depositors with their own ATMs. In this case, the
over-provision of ATMs is a consequence of the fierce competition to process withdrawals
and receive interchange fees.

Croft and Spencer (2004) consider a framework with interchange fees, foreign fees and
surcharges. They analyze the issue of surcharging or not when two banks have exogenous
equal fleets of ATMs. The authors show that foreign fees serve to maximize joint profits
while the interchange fee is set at the marginal cost of an ATM transaction and surcharges
are banned. In our model, such a result cannot occur: if the interchange fee is equal to the
processing marginal cost, banks do not deploy any ATM.

Our model is related to the one developed by Matutes and Padilla (1993). They study the
incentives of competing banks to share their ATM networks. They show that introducing
interchange fees makes sharing more attractive. We start from this result by assuming a
single shared network. We extend their model by endogenizing the choice of the interchange
fee and the ATM deployment.

The paper is organized as follows. In section 2, we set up the model. In section 3, we solve
the equilibrium in deployment and price for a given interchange fee. Section 4 deals with
the cooperative choice of the interchange fee by banks and its welfare properties. Section 5

concludes.



2 The model

Banks and consumers of banking services are involved in the game. The measure of con-

sumers is normalized to one.

Banks. There are b > 2 banks that provide homogeneous basic banking services (deposit
management, cash withdrawals at the bank’s branch office, etc.). Banks deploy compatible
ATMs in a uniform urban setting where consumers shop and withdraw cash. The number
of ATMs deployed by bank i is n; € ®*. The total size of the network is n = X2_;n;. As the
measure of consumers is one, n and the n;s are numbers of ATMs per consumer. The fixed
cost of deploying an ATM is denoted by c.

Each bank i charges a fixed account fee p; for the basic services and a debit card allowing
customers to withdraw cash at any ATM of the shared network. There is no ATM usage fee.

The marginal cost of the basic services is denoted ¢,. The marginal cost of processing a
withdrawal is independent of the cardholder’s affiliation and is normalized to zero. When a
cardholder of bank ¢ makes a withdrawal at an ATM of bank j, bank ¢ pays an interchange

fee, a, to bank j.

Consumers. They choose the bank they want to become a cardholder of. The net

surplus of a consumer is

vp + v(n) — p; if the consumer chooses bank 7

0 if the consumer does not join a bank.
vp is the surplus from getting basic banking services. wv(n) is the surplus from accessing
to n ATMs. Since there is no usage fee, cardholders withdraw cash without considering
which banks the ATMs belong to, and their surplus depends on the total size of the ATM
network. We assume that v(.) is increasing and strictly concave: increasing the size of
the network benefits customers because obtaining cash is easier, nevertheless the marginal

benefit decreases with the network size. We also make the assumption that v(0) = 0,
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lim,, o v'(n) > ¢, lim, . ¢v'(n) = 0 and v, > .

We assume that each cardholder makes one withdrawal. We have the following framework
in mind. Cardholders are uniformly located in the urban setting when they experience a need
of cash. Since there is no usage fee, cardholders withdraw cash at the nearest ATM. Each
bank’s ATMs are uniformly located to maximize the number of withdrawals processed and
the interchange revenues. Consequently, the way cardholders allocate their withdrawals only
depends on the ATM market shares: n;/n is the total number of withdrawals made at bank

7’'s ATMs.

Competition and profits. We assume that banks compete a la Bertrand on the
deposit market: if bank i charges a price below those of all other banks and consumers’
surplus is non-negative, then ¢ gets the entire market. If several banks propose the lowest
price and consumers’ surplus is non-negative, we assume that banks share the market equally.
Formally, let ppi, = min{ps,...pp} and let by, denote the number of banks that charge puin :

bmin = card{i | p; = Pmin}- Bank i’s market share of deposits is

1/bmin if Pi = Pmin and Pmin <+ ’U(TL)

Di —
0 otherwise.

Note that i Di = 1if prin < vy +v(n). We say that a bank is active (respectively inactive)
if its deposit market share is positive (respectively zero). Note that an inactive bank can
have ATMs and process withdrawals. We assume that a bank indifferent between being

active and being inactive chooses to be active.
The profit of bank 7 is

n-—mn;

n;
Di+a™ 3" D~ en;. 1
a 2 i —cn (1)

(N, .y, D1,y ) = (pi — ) Di — a

The first term of the right-hand side of (1) is the net revenue from offering accounts. The

second term corresponds to the interchange fees paid to the other banks when bank i’s
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cardholders make foreign withdrawals. The third term represents the revenue coming from
the interchange fees paid by the other banks when their cardholders use an ATM of bank 1.

The last term corresponds to the deployment costs.

Timing of the game. First, banks choose the interchange fee a collectively in order to
maximize the industry profits. Second, banks simultaneously and non-cooperatively choose
the number of ATMs they deploy, n;, i = 1,...b and the account fees, p;, i = 1,...b. Third,

each consumer chooses her bank and makes one withdrawal.

Welfare Analysis. Before solving the equilibria of the game, we characterize the size of
the network, n°, that maximizes the total surplus, v, — ¢, + v(n) — cn, the sum of consumers’

surplus and banks’ profits. The optimal n° solves
v'(n%) =c. (2)

It is positive because lim, _,ov'(n) > ¢. At the social optimum, the marginal benefit of

deploying an ATM equals the marginal cost of deployment.

3 The equilibria

We solve the game in deployment and price for a given interchange fee a. A Nash equilibrium
of the game is a profile {n{(a),...,n5(a),p{(a),...,p5(a)} such that for any ¢ € {1,...b} and
any (nf,pf), mi(nf(a), n<;(a), pf(a), p;(a)) = mi(nd, ne;(a), pf, p<;(a)).

The game has two types of equilibria: equilibria with b active banks and equilibria with a
single active bank. For simplicity of exposition, we focus on equilibria with b active banks.?
To provide an intuition of the way equilibria are obtained, we proceed in two steps: first, we

define a necessary condition on prices for an equilibrium to exist. Second, we characterize the

30ne can show that equilibria with one active bank are not relevant to the analysis as the corresponding

industry profits are not maximized.



equilibrium deployment given these prices. Formal proofs appear in appendix; we notably

verify that there is no profitable deviation in both price and deployment.

Consider the problem of bank ¢ when fixing its account fee. The total marginal cost of
a customer is composed of two parts: ¢, and a. The first term is the marginal cost of basic
services. The second term can be interpreted as bank i’s expected marginal interchange
cost, which is itself the sum of two elements: (i) a direct expected cost, (n — n;)a/n, that
bank i pays for the new customer’s foreign withdrawals, (ii) an opportunity cost n;a/n that
corresponds to a loss of interchange revenues for bank 7. Indeed, if this customer opened an
account with bank j # 7, the expected revenue from interchange fees would be n;a/n. By
making this customer opening an account with bank ¢, bank 7 loses these expected fees, and
we therefore count n;a/n as an opportunity cost. In appendix 1, we verify that Bertrand

competition leads to symmetric prices equal to the total marginal cost, ¢, + a. Hence,

Lemma 1 If an equilibrium {n(a), ...,n5(a),p5(a), ...,p5(a)} with b active banks exists, then
equilibrium prices are
pi(a) =c,+a foranyie{l,..b}. (3)
Proof. Appendix 1 m
The lemma states a key point of the analysis: the net accounting revenue from offering
an account, pf(a) — ¢, is positive and equal to a, the interchange fee chosen by banks at

the cooperative stage. When a raises, banks are less willing to accept depositors and prices

raises.

Given the prices of lemma 1, bank i’s profit is

n<
T = a# — cn;. (4)

Let us ignore consumers’ participation constraint, v(n) + v, > ¢, + a, for the moment. Bank



i maximizes its profit with respect to n;. The first order condition (FOC) is

n—mn;

—c=0.

a
n2

Summing over the b FOCs gives the total network size:

b—1 «a

n*(a)

For this deployment to be an equilibrium, we must verify two extra conditions:

(i) Consumers’ participation constraint must be satisfied :
v(n*(a)) + vy > ¢ + a.
This condition is equivalent to a < a* where a* is defined by

b—1 *
v( 7 x%)+vb:cb+a*. (6)

a* is illustrated in figure 1. It is the lowest interchange fee that permits to extract the entire
consumers’ surplus at equilibrium. One can verify that a* is increasing in the number of

banks, b, increasing in v, — ¢, and decreasing in the deployment cost c.

[Insert figure 1]

(ii) Banks must have no incentive to deviate in n; and p; at the same time. We verify

this is the case in appendix 2.

Hence we have identified a first family of equilibria when a is below a*. We sum up their

characteristics before describing a second family of equilibria when a is above a*.

Proposition 1 Suppose that the banks cooperatively choose a < a* where a* is given in
(6). There exists a unique equilibrium {nj(a),...nj(a),pi(a),...pi(a)} with b active banks

characterized by




and for any i € {1, ...b},

Proof. Appendix 2 m

The total ATM deployment coming from the first family of equilibria, n*(a), is illustrated in
figure 1 (the shape line for a < a*). Not surprisingly, the number of ATMs deployed by each
bank is decreasing with the deployment cost c¢. More interestingly, this number is increasing
with the interchange fee on [0, a*]. It is equal to zero if the interchange fee is equal to the
marginal cost of processing a withdrawal, which is normalized to zero. In this case, each
bank free-rides on its rivals’ ATMs. If the interchange fee is positive, banks compete for
processing withdrawals: they deploy ATMs to limit the number of foreign withdrawals made
by their cardholders and to attract withdrawals made by their competitors’ cardholders.

At equilibrium, the accounting outflows and inflows of interchange fees are perfectly
balanced. Bank #’s profit is equal to the revenue from offering accounts (p;(a) — cy)/b = a/b
minus the deployment cost cnf(a) = (b — 1)a/b*:

7i(a) = b% Li=1,..b. (7)

2

The profit is positive when a > 0. If banks have no ATM network (which corresponds to the
case a = 0), their profit is nil: the severe price competition on the deposit market leads to
the Bertrand paradox. A positive interchange fee allows banks to escape from this paradox
through a “collective raising rivals’ cost”: while interchange flows disappear from profits at
equilibrium, the mark-up of the price over the marginal cost of basic services, p; — ¢, is
positive and equal to a, the interchange fee collectively chosen by banks. The corresponding
revenue outweighs the ATM deployment cost.

The profit is an increasing function of the interchange fee on [0,a*]. Raising the inter-

change fee has two effects on banks’ profit. There is a negative effect due to a more severe
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competition to attract withdrawals. More ATMs are deployed and banks’ costs increase.
But, there is also a positive effect: higher interchange fees allow higher prices and hence a
more collusive behavior of banks on the market for deposits. This leads to higher revenues.
The increase in revenues outweighs the increase in costs so that the profit increases. This

shows that interchange agreements facilitate collusion.

We now characterize the equilibria when a is above a*. Given the prices of lemma 1,
banks deploy a total number of ATMs, n**(a), that leaves consumers with a null surplus:
v(n**(a))+wv, = ¢y +a. In appendix 3 we show that n**(a) is the unique equilibrium outcome
provided that a is above a* and below some level a** defined properly in the appendix
(expressions (15), (16) and (17)). As n**(a) is convexly increasing with the interchange
fee, requiring a < a** is a condition that notably ensures that equilibrium profits are non-
negative. For a given interchange fee in [a*, a™*], there are several equilibria where the total
deployment is n**(a) and joint profits are the same, but where banks deploy different number
of ATMs. For simplicity, in the following proposition, we characterize the properties of the

equilibrium where banks deploy the same number of ATMs.

Proposition 2 Suppose that the banks cooperatively choose a € [a*,a**|. There exists an

equilibrium {ni*(a),...n:*(a),pi*(a), ...p}*(a)} with b active banks characterized by
v(n™(a)) +vs=cr+a (8)

and for any i € {1,...b},

Proof. Appendix 3 m

This family of equilibria is illustrated in figure 1 (the shape line between a* and a**). At
a*, the two families of equilibria defined in propositions 1 and 2 coincide. We have notably

n*(a*) = n**(a*). Note that by expression (4), the profit of bank i is equal to a/b — cnj*(a).
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4 Collective setting of the interchange fee

Banks choose the interchange fee cooperatively anticipating the number of ATMs and the
retail prices that result from this choice. The interchange fee is chosen to maximize banks’

joint profits 7(a):

a/b for a € [0, a*|
m(a) =
a—cn*™(a) =v(n*™*(a)) + vy —cp, — en™(a) for a € [a*,a™].
By continuity of the equilibria at a*, joints profits are continuous but not differentiable

at a = a*. To simplify the maximization problem, we make the following assumption on

parameters: for the relevant range of n,*

v(n)
b—1

Vp — Cp Z (10)

This assumption is verified when the surplus from basic banking services v, is large enough
or when banks are sufficiently numerous. Note it is not very restrictive even with b = 2: in
this case condition (10) simply states that deposit management activities are more valued
than ATM services by banks’ customers. Nevertheless, later we will study a case where

assumption (10) is not satisfied.

[Insert figure 2 here]

As joint profits are increasing in the interchange fee up to a*, banks never choose an
interchange fee lower than a*. a* is the smallest interchange fee inducing an equilibrium
where consumers’ surplus is nil. Banks choose the interchange fee a* if m(a) decreases on

l[a*,a™]. Tt is the case shown in figure 2(a). As m(a) is concave in a, a necessary and

*In our model n is the number of ATMs per cardholder. A reasonable range of n could be [0, 0.005] where
0.005 corresponds to 5000 ATMs per million cardholders. In 2003, there were around 800 ATMs per million
inhabitants in European countries as France, Germany, Italy or the UK and around 1400 in the USA or in

Canada (figures from the annual report on payment systems, 2004, Norwegian central bank).
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sufficient condition for 7(a) to decrease on [a*, a™] is that (v'(n**(a*)) — ¢)dn**(a*)/da < 0.

Since dn**(a*)/da > 0 the previous inequality is equivalent to
n**(a*) = n*(a”) > (v))7(c). (11)

In appendix 4 we prove that assumption (10) guarantees inequality (11). Furthermore,
according to expression (2) the socially optimal network size, n°, is equal to (v')"*(c). Putting

the elements together, we have,

Proposition 3 Under assumption (10), banks choose the interchange fee a* at the coopera-
tive stage and set the ATM deployments and the prices according to proposition 1 for a = a*.

The resulting equilibrium number of ATMs exceeds the socially optimal level: n*(a*) > n°.

A large number of banks results in a fierce competition to process withdrawals and hence
in a large network size for any given level of a (expression (5)). Consumers’ gross surplus
vy + v(n) is large and banks choose a high interchange fee to extract consumers’ surplus
through high account fees. The high interchange fee reinforces the initial effect of the large
number of banks on the network size: n*(a*) is over-optimal. Similarly, a large v, — ¢, means
that a significant consumers’ surplus can be extracted through a high interchange fee, a
large network and high account fees. Interestingly, the interchange fee collectively chosen
by banks, a*, is increasing in the number of banks b, decreasing in the deployment cost c,
and increasing in v, — ¢,. These predictions are consistent with empirical observations that
interchange fees have not decreased despite the fact that deployment costs have fallen or

that new banks have entered the ATM market.

Although assumption (10) is not very restrictive for reasonable values of the parameters,
it is interesting to study a case where it is not satisfied. Let us for example take v, — ¢, =0

and v(n) = n° with ¢ € (0,1): customers’ surplus elasticity is constant and equal to e.
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Expressions (2), (5) and (6) give

b_]- 115 1 115 lie 1 15
w(o¥\ (2 - dn® = - )
w(@) = (™ ™ and e = 7 (L

If ¢ > (b—1)/b then we have n*(a*) < n° a “high” elasticity means that consumer’s
participation constraint is binding before social optimality is reached. In this case, joint
profits are increasing in the right neighborhood of a* as illustrated in figure 2(b). The
expressions of joint profits and the total surplus coincide on the range [a*,a™] because
consumers’ surplus is nil for the equilibria of the second family. Consequently, in order
to maximize m(a), banks are willing to deploy the socially optimal number of ATMs, n°.
In appendix 5, we show that the interchange fee a® = "7 (1/¢)”" ™ belongs to the set
[a*, a**] and leads to a deployment of n**(a®) = n® ATMs. Hence, banks choose a® > a* at the
cooperative stage, an equilibrium of the second family is induced, and n® ATMs are deployed.
The network size is socially optimal. Note that a° is decreasing in ¢ but is now independent
from the number of banks. These predictions are also consistent with the empirical evidence
about interchange fees.

If e < (b—1)/b then we have n*(a*) > n°: banks choose the interchange fee a* and n*(a*)

ATMs are deployed. We are back to figure 2(a) and the result of proposition 2 holds.

5 Summary and concluding remarks

We have analyzed how the choice of the interchange fee by banks affects the ATM deployment
and the pricing of banking services. Our work shows that the deposit market and the
withdrawal market must be studied simultaneously: a high interchange fee strengthens the
competition for processing withdrawals but softens the competition for deposits because
banks are less willing to accept customers. The latter effect dominates the former. As a

result, banks can use the interchange fee as a collusive device. Interestingly the collusive
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effect appears although the accounting outflows and inflows of interchange fees are balanced
at equilibrium. The model shows that when there is no surcharges, the interchange fee must
exceed the marginal cost of processing a withdrawal to provide banks with incentives to
deploy ATMs. Hence the existence of a mark-up of the interchange fee over the marginal
processing cost is justified to some extent. However the collusive role of the interchange fee
explains that this mark-up is generally excessive: the interchange fee and the size of the

shared network exceed their socially optimal levels.
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Appendix

Appendix 1: proof of lemma 1.

If an equilibrium {nS(a),...,n;(a), p;(a),...,p;(a)} with b active banks exists, then all banks

charge the same price and face a demand 1/b. The profit of bank i can be written as

e __ (e 1 n? e
7 = (p§ —a—cb)g—l—aﬁ—cni.

At equilibrium, no bank 7 should be willing to deviate in price given the equilibrium deploy-

ment profile. There are two cases:

(i) Bank i can deviate to a price lower than p¢ to get the entire market. The best deviation
is pf — ¢ with € positive and very small. The deviation profit is

d e ) e
wi:(pi—e—a—cb)jLaE—cni.

It must be the case that 7¢ > 7¢ or (p¢ —a—c;)(1—1/b) < e. As ¢ is positive and arbitrarily

small and 1 — 1/b > 0, we have necessarily
pi—a—c, <0. (12)

(ii) Bank ¢ can deviate to a price higher than p{ and become inactive. In this case its

deviation profit is

It must be the case that 7¢ > 7¢ so that
pi—a—c >0. (13)

As conditions (12) and (13) must be satisfied at the same time, we have obtained lemma 1.
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Appendix 2: proof of proposition 1.

We are in the case where a < a*. In the text, we have proven that given the prices of lemma

1, each bank ¢ is not willing to deviate in deployment if

, b—1 8
n; = —.
! b? c
In this case, bank i’s profit is
n; a
T, =a— —cn; = —.
n* b?

Let us check that there is no profitable deviation in both price and deployment. Let (n¢, p¢)

denote a unilateral deviation made by bank i. We have to consider four possibilities:

(i) If p¢ < pf = cp+a and pf < vz +n¢) + vy, bank i becomes the unique active bank.

The deviation profit is

=[pl—a—a)+

d
i d
s —ng | .
Zj;éi n; +n;
However p¢ — a — ¢, < 0 and by definition of n} we have
nd n;

" —cnf < a—L —cn}.
*

* d
Zj#nj—l—ni n

As a consequence T¢ < 7.

(i) If p¢ < p} and pf > (3, 2T+ nd) + vy, all banks are inactive: the deviation profit is

—cnd which is clearly smaller than 7.

(iii) If p¢ > pr and pf < v(> iy T né) + vy, bank i becomes inactive and the other banks

remain active. Bank ¢’s deviation profit is

”2‘1 d
Q——— — cn}

* d 2
Zj;éi n; +n;

which is, by definition of n}, smaller than 7.

(iv) If pf > p; and p; > (3, 2T+ né) + vy, all banks are inactive: the deviation profit is

—cné which is clearly smaller than 7.

18



Appendix 3: proof of proposition 2.

We are in the case where a > a* or

b—1
ey +a > v 2 x%)+vb. (14)
Let us define the unique threshold
a™ = min(a, a) (15)
where @ is defined by
b—1 a
/ -1 -~ _ — C = 0 16
v (v e+ T — ) + ; xvfl(cbjta—vb) (16)
and a is defined by
cv ey +a—w) =a. (17)

One can verify that a* < a**. To characterize the equilibria of the second family, we proceed
in two steps. First, we prove that if an equilibrium above a* exists then it must be the case
that the total ATM deployment n** satisfies ¢, +a = v(n**) + v,. Second we show that when
a € [a*,a™], no bank i is willing to deviate from n* = n**/b and p* = ¢, + a.

If an equilibrium with b active banks exists, lemma 1 says we must have pi* = ... = pj* =
¢y, + a. Furthermore it is necessary that consumer’s participation constraint is satisfied:

e+ a < v(n**) + vy. Let us consider the case where

e +a < v(n™) + v (18)
In order to prevent deviations in deployment, we must have for any bank i,

a——— —c=0. (19)

Indeed should condition (19) not hold, bank i could deviate (locally) in deployment while

keeping the same price, remain an active bank and increase its profit: a contradiction. Hence,
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suppose (19) holds for any i. In this case summing the b FOCs gives n** = ((b—1)/b)(a/c).

But in this case there is a contradiction between (14) and (18): we have necessarily
ey +a=v(n"*(a)) + vp. (20)

Given the prices of lemma 1, the profit of bank 7 is

For an equilibrium to exist, it must be the case that bank ¢ has no incentive to deviate
unilaterally from the equilibrium strategies. Let (n¢,p¢) denote such a deviation. We have

several possibilities to consider:

(i) n¢ = 0 and p? > ¢, + a. Bank i becomes inactive and its deviation profit is 0. For this
deviation not to be profitable, it must be the case that 7;* > 0. This last inequality can be
written cn**(a) < a or, equivalently using expression (20), cv=(cp +a — v,) < a. However

this last inequality is satisfied because it is simply a < a where a defined by (17).

(i) 0 < n¢ < n?*. Here any bank j # i loses its depositors because p;r=cata> U(Zj# n;t+
n{) 4 vp. In this case the best deviation in price for bank i is pf = v(3_ ., n5* +nf) +- v pf
is the highest price that permits bank i to be the only active bank. Bank i’s deviation profit

is

nd

nd = U(Z e +nd) v —a— g G —nf|. (21)
o 2 M T

For the deviation (n¢, p?) not to be profitable, it must be the case that 7¢ < 7:*(a) for any

+

d

nd € (0,nr*). As expression (21) is strictly concave in n¢, a necessary and sufficient condition

is
n** _ n**

——— —c>0foranyiec{l,..b} (22)

U/(n**) + a - 5

Using expression (20) and the fact that n!* = n**/b for any i, inequality (22) is equivalent

to

V(w  ep+a— ) + b X —c>0. (23)



However inequality (23) is satisfied because it is simply a < & where a is defined by (16):

the deviation is not profitable.

(iii) n¢ > n;* and p? > p;*. By deviating, bank i becomes inactive and its deviation profit is

d
L — (24)

) *k d ?
> M+

d

As expression (24) is strictly concave in nf, a necessary and sufficient condition for the

deviation not to be profitable is

n*(a) — n;*(a) :
a 2a) —c¢<0foranyie{l,..b}. (25)

Using expression (20) and the fact that ni* = n**/b for any i, inequality (25) is equivalent

to
b—1 a
X
b v (e +a — )

—¢c<0. (26)

This last inequality is simply inequality (14) and is satisfied because a > a*.

(iv) n¢ > n* and p¢ < pi*, bank i becomes the only active bank. Its deviation profit is

d
ng
L end

d_ J— -
[pi a cb]+ azj#n}‘*—l-nf i

However we have p¢ —a — ¢, < 0 and

d *x
ng n;
t=———— —cn{ <a — —cn;”
Z#inj + ng n

because condition (25) holds. The deviation is not profitable.

Appendix 4: proof that assumption (10) implies that n*(a*) > n° = (v')7(c).
Using expressions (5) and (6), we can define n*(a*) implicitly by

b—1 y v(n*(a*)) +vy —cp .
b n*(a*) 7 (27)
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As v(.) is strictly concave and v(0) = 0, we have v(n)/n > v'(n) for any n > 0. Combining

this last inequality with assumption (10) and expression (27), we can write

b—1 y v(n*(a*)) +v,—cp . v(n*(a*))
b n*(a*) B n*(a*)
As /() is decreasing, we have n*(a*) > (v')7!(c) = n°.

Appendix 5: existence of a° € [a*, a™] with n™*(a®) = n°.

We are in the case v, — ¢, = 0 and v(n) = n® with ¢ > (b — 1)/b. Using expression (2), we

have

Note first that

so that expression (8) is satisfied for n**(a®) = n°. Furthermore,
L (b=1\TF 1= 1= (b1 \TF 1 =
a-( 3 ) (c) ,a—(c) anda—( ; +5) (C)

so that a® > a*,a° < a and a° < @. As a™ = min(a, a), we have a° € [a*, a**].
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t v(n)+v, = ¢, +a

Figure 1: Equilibrium ATM deployment as a function of the interchange fee.

m(2) 7(a)

(@) (b)

Figure 2: Banks’ joint profits when (a) n*(a*) > n° and (b) n*(a*) < n°.
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