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Abstract

This paper is the first of two companion pieces examining competition between
payment systems. Here we develop a model of competing platforms which
generalises that considered by Chakravorti and Roson (2006). In particular,
our model allows for fully endogenous multi-homing on both the merchant
and consumer sides of the market. We develop geometric frameworks for
understanding the aggregate decisions of consumers to hold, and merchants to
accept, different payment instruments, and how these decisions will be influenced
by the pricing choices of the platforms. We also illustrate a new potential source
of non-uniqueness in the aggregate behaviour of consumers and merchants which
is distinct from the well-known ‘chicken and egg’ phenomenon — and indeed
can only arise in the context of multiple competing platforms. Finally, we briefly
discuss how this new source of non-uniqueness may nevertheless shed light on the
‘chicken and egg’ debate in relation to the development of new payment systems.

JEL Classification Numbers: D40, E42, .14
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COMPETITION BETWEEN PAYMENT SYSTEMS

George Gardner and Andrew Stone

1. Introduction

Over the past decade, analysis of the pricing strategies of payment system
operators has been an area of growing interest. Much of this analysis has, however,
been conducted in the context of a single payments platform, competing with the
default alternative of cash. Only recently has a literature developed examining the
more complex, but more realistic, situation of competing payment systems.

Important contributions in this latter area include Rochet and Tirole (2005),
Armstrong (2006) and Guthrie and Wright (2007). In these and other papers,
considerable progress has been made in identifying key issues influencing
platform pricing. However, the complexity of modelling competition between
payment systems has typically required such papers to adopt a range of
simplifying assumptions, some of which limit the applicability of any findings.

One such assumption is that payment platforms levy purely per-transaction fees
on both consumers and merchants. Adopting this assumption has the analytical
advantage of ensuring that every consumer (merchant) faces the same charge
for each transaction on a given platform as every other consumer (merchant).
However, in many payments markets competing schemes tend to use annual, rather
than per-transaction, fees in their pricing to consumers.! In such markets, the
effective per-transaction fee faced by consumers, rather than being identical for
all consumers, varies depending on their propensity to use a given network.

A second assumption commonly adopted relates to the degree to which consumers
(merchants) tend to hold (accept) multiple payment instruments — known as multi-
homing. In recent years the relative tendency of consumers and merchants to
multi-home has emerged as an important potential determinant of platforms’

1 An example is the credit card market in Australia. Of course many credit cardholders in

Australia also receive reward points per dollar spent — equivalent to a negative per-transaction
charge. However, they must usually pay an additional annual fee for membership of a rewards
program.



allocation of their fees between the two groups. However, allowing for multi-
homing on both sides of payments markets significantly complicates analysis of
aggregate consumer and merchant behaviour, and hence of platforms’ pricing
incentives. It has therefore been common — an example is Chakravorti and
Roson (2006), discussed in greater detail below — to assume that multi-homing
is allowed only on one side of the market, with participants on the other side
permitted to subscribe to at most one platform (single-home).

Finally, three further simplifying assumptions often adopted are: that competing
platforms provide identical bundles of payment services to both consumers and
merchants; that they face identical costs in providing these services; and that
consumers or merchants are homogeneous in the values that they place on the
benefits they receive from transacting with each platform. These assumptions
considerably ease the task of understanding the mechanics of competition between
platforms. They also allow consumers or merchants to be treated as identical
in the transactional benefits they receive not only across platforms but across
individuals. This dramatically (albeit unrealistically) simplifies modelling of the
balancing task each platform faces in trying to get ‘both sides on board’, so
as to maximise profit. These assumptions do, however, limit the scope for such
analysis to inform our understanding of competition between, say, different types
of payment instruments, such as debit versus credit cards.

Against this background, the central goal of this paper is to construct a model of
competition between payment systems which relaxes as many as possible of these
assumptions. We would also like the model to be implementable, so as to allow the
use of simulation analysis to study the pricing implications of such competition.

Much of the literature to date on such competition has tended to be purely
analytical — focusing, for example, on deriving the marginal conditions that
will be satisfied at a profit-maximising equilibrium (in terms of suitably defined
elasticities of consumer and merchant demand) and how these conditions will be
affected by underlying features of the two sides of the market. Such analysis is
both illuminating and important. However, it can also be valuable at times to be
able to study the full solution to a model of any system. Such global solutions —
in the current setting comprising each platform’s ultimate pricing choices, their
profits, and the final take-up of each platform’s services by both consumers and
merchants — can help not only to draw out interesting features of the system



being modelled, but also illustrate how these features may respond as underlying
parameters of the system are varied.

With these goals in mind, the model we develop is an extension of Chakravorti and
Roson (2006). Their paper considers the case of two payment platforms competing
with each other, along with the default payment option of cash.

A desirable feature of the Chakravorti and Roson (CR) model is that each
platform, while charging merchants on a per-transaction basis, levies a fixed fee
on consumers for joining the platform. Their model thus avoids the first (and
arguably most restrictive) of the common limiting assumptions described above. It
also explicitly allows for: heterogeneity among both consumers and merchants in
the values they place on the transactional benefits provided by each platform; and,
in principle at least, variation between the platforms in both the payment services
they provide and the costs they incur in doing so.

Finally, an additional strength of the CR model is that it incorporates the ‘derived
demand’ aspect of payments that many generic models of two-sided markets fail to
capture. This is the property that payment transactions occur only as a by-product
of the desire to undertake some other transaction — namely the exchange of a good
or service — rather than being supplied or demanded for their own sake. All of
these features contribute to making Chakravorti and Roson’s framework a good
starting point for modelling competition between payment systems.>

The CR model does, however, assume that while merchants may choose to
accept payments from neither, one or both platforms, consumers may at most

2 In practice, however, it should be noted that for the CR model the analysis of competition in the
case of ‘non-symmetric’ platforms is ‘very complex, and general analytical results cannot be
readily obtained’ (Chakravorti and Roson 2006, p 135). This practical limitation carries over to
the model we develop in this paper.

The CR model does not, however, allow for ‘business stealing’ considerations. This is the
phenomenon — analogous to the well-known ‘prisoner’s dilemma’ — whereby each individual
merchant may feel compelled to accept payments from a platform, even if they would prefer
(say) to be paid in cash, for fear that if they do not then some consumers who wish to use that
platform might transfer their business to a competitor. In developing our extension of the CR
model we also do not attempt to allow for business stealing considerations. This is not because
we regard them as unimportant, but simply because analysis of them is not a particular goal
of this paper — and omitting them simplifies the model, without obscuring those aspects of
payments system competition which we do wish to investigate.



subscribe to one platform. It thus incorporates the second of the common limiting
assumptions listed earlier. The key extension we make is to remove this restriction
on consumers, so as to be able to study the implications of fully endogenous
multi-homing on both sides of the market for the pricing strategies of competing
payment platforms. This turns out to have substantial ramifications for the
behaviour of both consumers and merchants, and hence for platforms’ pricing
strategies towards each group.

The remainder of this paper is devoted to describing our extension of the CR
model — henceforth referred to as our ECR model (for ‘Extended Chakravorti and
Roson’) — and exploring its implications, in theoretical terms, for the behaviour of
consumers, merchants and platforms. Section 2 of the paper sets out the details
of our ECR model, as well as introducing essential notation. It also discusses
possible applications of the model, including to competition between different
types of payment instruments. Section 3 then focuses on establishing geometric
frameworks for understanding the aggregate decisions of consumers to hold and
merchants to accept the competing payment instruments in the model, and how
these will be influenced by the pricing choices of the platforms.

In Section 4 we analyse an interesting new potential source of non-uniqueness in
the behaviour of consumers and merchants in our model, and explore its possible
implications for the ‘chicken and egg’ debate in relation to payment systems (and
two-sided markets more generally). Numerical simulation of the model is deferred
to the sequel to this paper, where (infer alia) the results of such simulations are
used to further investigate the likely effects of competition on platforms’ pricing
strategies.* Conclusions are drawn in Section 5.

4 See Gardner and Stone (2009a). After developing our ECR model we became aware that a
somewhat similar study of the impact of allowing endogenous multi-homing on both sides
of the market had already been undertaken in Roson (2005). Indeed, that paper allows, in
principle, for additional features which our ECR model does not, such as multi-part (flat and
per-transaction) pricing by platforms to both sides of the market, as well as both multi-part
costs to platforms and multi-part benefits to consumers and merchants. However, it does not
develop the geometric frameworks for understanding consumers’ and merchants’ card choices
developed here, nor does it appear to explicitly address the non-uniqueness issues, canvassed
in Section 4 of this paper, which can arise in such a model. Our own simulation analysis
also suggests that there may be ‘starting-point dependency’ issues associated with the iterative
approach used there — as described in Footnote 8 of Roson (2005, p 14) — to generate numerical
simulation results.



2. A Model of Competing Payment Systems

In this section we set out the details of our ECR model of two competing payment
systems. To fix ideas, and to simplify the exposition, we take these to be card
payment networks. However, there is nothing inherently special about cards.
Hence, the analysis which follows applies just as well in principle to non-card
payment systems.

2.1 The General Model

The model contains three types of agents: a set of C consumers, denoted Q°, a set
of M merchants, denoted Q", and the operators of two card payment platforms, i
and j. The platforms offer card payment services to consumers and merchants, in
competition with the baseline payment option of cash. We focus primarily on the
case where the two platforms are rivals. However, for comparison purposes, we
also consider the case where both platforms are operated by a monopoly provider
of card payment services.

Every consumer is assumed to make precisely one transaction with each merchant,
using either cash or one of the platforms’ cards. By fixing the number of
transactions at each merchant, independent of the pricing decisions of the
platforms, this assumption is consistent with the ‘derived demand’ aspect of
payments discussed earlier. However, as noted, it also explicitly rules out ‘business
stealing’ considerations from the model (see Footnote 3).

For a transaction to be made using a particular payment type, two conditions
must be satisfied. First, both the consumer and merchant must have access to that
instrument; for example, for a transaction to occur on platform i the consumer
must hold a card from platform i and the merchant must accept platform i’s cards.
All consumers and merchants are assumed to hold/accept cash, so cash is always
a payment option.

Second, the decision must be made to select that payment method in preference to
all other feasible options. Consistent with most treatments of payment systems,
this choice at the moment of sale is assumed to fall to the consumer. Each
consumer makes this choice to maximise the net benefit he or she will accrue
in making that particular payment transaction.



For simplicity, both consumers and merchants are assumed to receive zero utility
if cash is used to make a payment. By contrast, as discussed further below, all
consumers are assumed to receive non-negative utility from paying by card — so
that consumers who hold either platform’s card will always prefer to pay by card
rather than by cash, if possible.

We now describe the incentives facing: platforms in their choice of pricing
strategies; merchants in their decisions whether or not to accept the cards of each
platform; and consumers in their decisions whether or not to hold the cards of
each platform, and to prefer one or the other — if they hold both — when making
any given payment. First, however, it is helpful to introduce some further notation.

2.2  Notation

Let Q; denote the subset of consumers who choose to hold the card of platform i,
and let QZN i denote the further subset of these consumers who choose not to hold
the card of platform j. Let Q and Qf ; be defined correspondingly, and let Q; ;
denote the subset of consumers who choose to hold the cards of both platforms i
and j. Finally, let Q denote the subset of consumers who choose to hold no cards
and use only cash. Clearly we then have that

Qf = 0f_UQE,

L,~J

, Q=95 ,uQ;; (1)

and
Q =QuuUQ; ;UQ5 ;UQ; ;. (2)

i
Next, among those consumers holding both cards it will be necessary to
distinguish also between those who would prefer to use card i over card j, in the
event that a merchant accepts the cards of both platforms, and those who would
instead prefer to use card j over card i. Let QZ jiand Qf, j.j denote these two subsets
respectively, so that we then also have, in turn:’

Q= VD 5. 3)

5 For simplicity, and without impact on the model, we assume that any consumers who hold both
cards, and who would be indifferent between using the two if a merchant accepted both, are

included in the set QF

i,j5i



Finally, define Dj to be the fraction of consumers who choose to hold no cards,

.. C C NC c ¢ c c 6 :
and similarly for D;, D;, D; _;, D; .;, D; j, D; j; and D; ;.;.° Corresponding to

Equations (1) to (3) above we then also have that

’Ni’

D; =D;. ;+Dj; , Dj=Dj. ;+Dj, (4)
1 =D§+D5,_;+ DS+ D5 (5)

and
Dj;=Dj;+Djj;- (6)

Turning to the merchant side, let Qg, Q.", QT, QTN i Q’}fwi and Q?fj denote the
analogous subsets of Q" (so, for example, QTN j is the subset of merchants who
choose to accept the cards of platform i but not of platform j).” Then, as for the
consumer side, we have the following obvious relationships

Q=07 U Q?fj : QT = Q’}fwi U Q?fj (7)

L~J

and
Q" =0ruQ ;uQT_uQ;. (8)

i~]
If we again define Dy, D}, D’}q, DZ“N i szwl- and D?fj analogously to their consumer
counterparts, we then also have the corresponding identities:
m m m m m m
Dy =D ;j+Di;j , Dj=Dj. ;+Dj; ©)

L~J

and
1 =Dy +D/;+D} i +Di};. (10)

L,~J

For ease of reference, this notation and that introduced in Sections 2.3 to 2.5 below
are summarised in Table 1.

6 Thus, for example, D§, = |Q§|/|Q¢| = |Q§|/C, where |- | is used to denote the size of a set.
7 Note that there is no need to define analogues of the subsets Q,C j.i and Q,C jj» since the choice of
payment instrument at the moment of sale is assumed to fall to the consumer, not the merchant.

This makes description of the merchant side somewhat simpler than that of the consumer side.



Table 1: List of Model Notation

Variable Description

Consumer market segments (fractions)
Q° Set of all consumers
Qy  (Dp) Subset (fraction) of consumers who choose not to hold any cards
Qf (Df) Subset (fraction) of consumers who choose to hold card i
Q;N j (D;N i) Subset (fraction) of consumers who choose to hold card i but not card j
sz (Dz_i) Subset (fraction) of consumers who choose to hold both cards i and j
Qf jii (Di jii) Subset (fraction) of consumers who choose to hold both cards and who

prefer to use card i over card j whenever merchants accept both

Merchant market segments (fractions)

Q" Set of all merchants

Qy  (Dy) Subset (fraction) of merchants that choose not to accept any cards

er-" (D;") Subset (fraction) of merchants that choose to accept card i

QTN j (DTN i) Subset (fraction) of merchants that choose to accept card i but not card j
er-'fj (DZ’j) Subset (fraction) of merchants that choose to accept both cards i and j

Platform fees

fi Flat fee charged to consumers to subscribe to card i
fic’* The flat fee f; converted to per-transaction terms for a consumer in QZN j
or Q; ;; (that is, the quantity f; /MD;")
fic’** The flat fee f; converted to per-transaction terms for a consumer in Qi I
(that is, the quantity f; /MDTN i)
Vit Per-transaction fee charged to merchants by platform i
Platform costs
C; Cost incurred by platform i for each transaction processed over the platform
8i Flat cost to platform i of signing up each consumer
g The quantity g;/MD}" (representing the flat cost g; converted to
per-transaction terms for subscribers in Q; _; or Q ;)
Other
C M) Total number of consumers (merchants)
T; Maximum per-transaction benefit received by any consumer on platform i
U; Maximum per-transaction benefit received by any merchant on platform i
h; Per-transaction benefit received by a given consumer on platform i
n Per-transaction benefit received by a given merchant on platform i
I1; Total profit earned by platform i
Notes: For simplicity, where there is analogous notation for both platforms only that for platform i is shown.

Consumer (merchant) market fractions represent the proportion of all consumers (merchants) that are
members of the corresponding set.




2.3 Platforms

The two platforms are assumed to be profit-maximising and to face per-transaction
costs of ¢; for platform i and c; for platform j. In addition, they incur fixed costs
g; and g respectively for each consumer that they sign up.

In terms of pricing, we assume that the platforms charge flat fees, f; and f;, to
each consumer, but do not levy per-transaction fees on consumers (nor do they
offer per-transaction rewards). Conversely, platforms do not impose flat, up-front
fees on merchants, but do charge per-transaction fees f;" and fj’-" to merchants for
the use of their cards. Thus, for platform i, each consumer that subscribes generates
direct revenue f; and cost g;, while each transaction generates revenue of f;
from the relevant merchant and incurs a processing cost of ¢;; and similarly for
platform j.

For each platform, profits will be determined by both the number of consumers
whom they manage to attract and the volume of transactions subsequently
undertaken on the platform. When in competition with one another each platform
must, in making its pricing decisions, take into account the expected effects
of any fee increases on both consumers and merchants. These effects include
causing some consumers (merchants) to abandon the platform in favour of holding
(accepting) only cash or the card of the other platform — either as a direct result
of the fee impact, or indirectly by reducing the number of merchants prepared to
accept the card (consumers wishing to use the card).

Platform i’s profit function can be written explicitly as:

Hi — CD?(fic_gi)—i_CM(D +Dl_]l)D (fim_ci)

i~
+CMD1JJD1~](fl )
= CD;(f{ —&)+CM|D;D;'—Dj ;. .D}" ]| (f" —c;). (11)

The three right-hand-side terms in the top equality of Equation (11) are,
respectively: profits from subscriptions; profits from transactions made by
cardholders who either only hold card i, or hold both and prefer it over card j;
and profits from transactions made by cardholders who prefer card j over card i
but hold both.
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If we then introduce the further notation — discussed in greater detail below — that

= ff/MD and g =g;/MD} (12)

l

it is readily checked that Equation (11) may alternatively be written

M= M { (7" = g0) + (" = )] DiDY = (" = D5 DR b (13)
Platform j’s profit function is then correspondingly given by

I, = CM{ [(F5" = &)+ (f1" )| DD — (f cj)Df’j;iDle} (14)

where f;" = f;/MD/ and g; = g;/MD/.

Sections 3.1 and 3.2 below describe, in greater detail, geometric frameworks
for understanding the incentives facing profit-maximising platforms in their fee
choices, in terms of the impact of these fee choices on consumers’ and merchants’
card holding and acceptance decisions.®

2.4  Consumers

Consumers make their payment choices so as to maximise their utility. They
are assumed to receive a per-transaction benefit for paying by non-cash means,
equal to /; for payments made over network i and hj- for payments made over
network j. Consumers are heterogeneous in their benefits, which are randomly
(though not necessarily independently) drawn from distributions over the intervals
[0, 7;] for platform i and [0, 7,] for platform j?

In Chakravorti and Roson (2006), and in the sequel to this paper (Gardner and
Stone 2009a), these distributions are taken to be uniform, as this represents
an interesting case and one which significantly simplifies analysis of the
model. Consumers’ draws of benefits for each platform are also assumed to be
independent — so that the benefit any individual consumer receives from making
a payment over network i is unrelated to the benefit they receive from making a

8 The implications of these incentives for platforms’ pricing are then explored in Appendix B.

9 The pairs of quantities {hf,h;} thus typically differ from consumer to consumer but, for each
consumer, are the same for every transaction.
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payment over network j. While it may help the reader to adopt these assumptions
mentally in what follows, it is important to note that they are not necessary for the
model and, other than in Section 4, we do not require them for the remainder of
this paper. Indeed, at the end of Section 2.6 we briefly describe a natural setting in
which an alternative joint distributional assumption for consumers’ per-transaction
benefits might be appropriate.

As noted above, a consumer making a payment over network i or j faces no per-
transaction fee. Since each consumer’s per-transaction benefit from using either
platform is always non-negative, consumers who hold cards will therefore always
prefer to pay by card rather than by cash, whenever this is possible. Unlike in
Chakravorti and Roson (2006), it is assumed that each consumer can choose to
hold no cards, one card or both cards; and, in the event that they sign up to both
platforms, can choose to use card i in preference to card j, or vice versa, where a
merchant accepts both.

In assessing their expected utility, each consumer is assumed to have a good
understanding of the fraction of merchants who will sign up to each platform,
for given platform fees {f;, f;"} and {f;, f;'}. The equations which describe the
utility a consumer with per-transaction benefits {A; h;} will obtain from each of
their possible card holding/use options are thus as follows:

Us = 0 (15)
Uij = MID} —fi = M{nD;" — f; /M} (16)
Ui = MDY —fi =M{hD7} — fi/M} (17)
Ui(jj;i - M{h DlNJ+hJDJNl+th]} fz
= M{hiD]"+hD} ;— f{ /M — f]/M} (18)
Uic,j;j - M{h DZN]+hJDJNl+th]} fi—
Here, consistent with previous notation, the quantities Uy, U i~jand U ; denote

the utility the consumer would receive, respectively, from choosmg to hold neither
platform’s cards, the card of platform i only, or the card of platform j only.
Similarly, Ui‘:jl and U; jj denote the utility the consumer would receive from
choosing to hold both platforms’ cards and then choosing, respectively, to use

card i over card j, or vice versa, whenever a merchant accepts both.
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Finally, before turning to the merchant side, it is useful to compute what the
effective charge is, in per-transaction terms, for different consumers who elect
to hold each platform’s card. Focusing without loss of generality on the cards of
platform i, we see that consumers in the subsets Q, ~j and Q5 . jii of Q7 will each
expect to make MD/" transactions on their platform i cards. Hence, such consumers
face an effective per-transaction charge for these payments of (ff /MD )=
This provides the intuitive interpretation for the quantities fl and 5" i introduced

in Section 2.3.

On the other hand, a consumer in the subset Q; i of QF will expect to make only

MDI ~j transactions on their platform i card, since they will use it only when a
merchant accepts card i and does not accept their preferred card j. Hence, these
consumers face a higher effective per—transaction charge for payments on their

platform i cards than consumers in Q jand Q ;- This effective charge is

[ =f/MD] ;> fi7. (20)

Similarly, consumers in the subset Q j.i face a corresponding effective per-
transaction cost for payments on their platform j card of f;’**, where f;’** =
f; /MD'J”’NI- > ch* As we shall see, the quantities f;", £, f;’* and f;’** will
play an important role in the geometric framework described in Section 3.2 for
understanding consumers’ card holding decisions.

2.5 Merchants

Each merchant can choose to sign up to both networks, one network, or neither
network, based on the net benefit it will receive from doing so. Like consumers,
merchants are assumed to receive a per-transaction benefit for accepting non-
cash payments, equal to /;' for those received on network i and h’f for those
received on network j. Merchants are also heterogeneous in their benefits, which
are randomly (but not necessarily independently) drawn from suitable distributions
over the intervals [0, y;] and [0, u ;] for platforms i and j 10 If a merchant accepts a
payment over network i it is charged a per-transaction fee of f;", and similarly for

10 A5 on the consumer side, to fix ideas it may help to focus on the case of uniform and
independent distributions throughout the remainder of this paper. Nevertheless, it should again
be noted that there is no reason in principle why non-uniform and/or correlated distributions
could not be used here.
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platform j. However, merchants do not face any fixed costs in choosing to accept
either platform’s cards.

In assessing the benefit it will receive from signing up to one or more platforms,
each merchant is once again assumed to have a good knowledge of both: the
fraction of consumers who will sign up to each platform, for given platform fees
{fi,f{"} and {fj, f}"}: and the fractions of those choosing to hold both cards who
will then prefer to use a particular card at the moment of sale. Given this, the
equations which describe the net benefit which a merchant, with per-transaction
benefits {h}",hT}, will obtain from each of its possible card acceptance options
are as follows:

Uy = 0 2
Uiy = C(hi"—f")D; (22)
Uy = O = 1D >
Unj = CUO" = fiNDipj+ Dijiry + CUT = i Djmi+ Dijij} - 24

Once again, the quantities U , U,-',"N i U}’fwi and Ul-'?} denote the net benefit the
merchant would receive, respectively, from choosing to accept neither platform’s
cards, the card of platform i only, the card of platform j only, or those of both
platforms. Note that these equations also rest upon the feature of the model,
discussed earlier, that consumers will always prefer to pay by one or other card

rather than by cash, if possible.

2.6  Possible Applications of the Model

Having specified our ECR model, the next step is to derive descriptions of the
aggregate card holding and acceptance behaviour of consumers and merchants in
it. Before doing so, however, it is worth briefly addressing the question: to what
real-world situations might the model potentially apply?

Since platforms in the model interact directly with participants on both sides of the
market, the obvious application is to competition between rival three-party card
schemes, such as American Express and Diners Club. The absence of separate
issuers and acquirers in the model makes it appropriate to such a setting.

Despite the absence of distinct issuers and acquirers (and consequent lack of
explicit interchange fees), the model could arguably still be used to shed light



14

on some features of competition between four-party credit card schemes (such as
MasterCard and Visa). While clearly less well adapted to this situation, the model
nevertheless accurately captures many features of the dynamics of the consumer
and merchant sides of the market which would arise in this setting. It might also
offer some insights into competing four-party platforms’ likely pricing behaviour,
with the tilting of platforms’ price structures in favour of consumers or merchants
potentially indicative of their likely interchange fee choices in this setting.

That said, caution would need to be exercised before using our ECR model to draw
any firm conclusions about the case of competition between four-party schemes.
For example, in the event that the issuing side were dominated by a small number
of large institutions, the model’s applicability to this case would be limited, given
its lack of a proper treatment of oligopsony effects (in relation to platforms’ pricing
behaviour towards such issuers).!!

Our ECR model potentially also allows us to draw some inferences about the case
of competition between different types of payment instrument, such as debit versus
credit cards (or cheques versus either of these). Chakravorti and Roson (2006)
emphasised the scope for their model to be used to study such competition —
stressing, in this regard, its capacity to handle situations where platforms provide
different maximum per-transaction benefits to consumers and/or merchants (so

T; # Tj and/or H; # ,LL])

Our ECR model also offers scope for such differentiation between platforms
based on the maximum per-transaction benefits they provide. However, this is not
something which we pursue in the simulation analysis in the sequel to this paper.
Rather, there is a more fundamental reason why we believe that our ECR model,
like Chakravorti and Roson’s earlier one, plausibly covers the case of competition
between different types of instrument — namely, that it allows for heterogeneous
benefits, to both consumers and merchants, across the two competing platforms.

11 Another important distinction in the case of competing four-party credit card schemes would
be that annual credit card fees are paid by consumers to issuers, rather than to the schemes. We
might expect this distinction to have implications for the transferability of any model results
regarding how the use of flat fees to consumers, rather than per-transaction fees, would affect
platforms’ pricing. The importance of this distinction in practice, however, would depend on
the extent to which schemes might be able to extract some or all of these flat consumer fees
from issuers — say through the use of scheme fees to issuers based on subscriber numbers.
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Even where consumers’ (merchants’) benefits from transacting on each platform
are uniformly distributed, as long as they are not perfectly correlated then some
consumers (merchants) will value using platform i more highly than platform j,
and vice versa. This is consistent with the fact that in the real world different
agents will, for example, place different intrinsic values on using debit and credit
cards. Some consumers, for instance, may be particularly averse to taking on debt,
and so appreciate the budgeting discipline provided by a debit card. Others, by
contrast, may value the flexibility afforded by a credit card relative to a debit card
in managing intra-month cash flow constraints.

Finally, by allowing for non-uniform and/or correlated distributions of consumer
and merchant per-transaction benefits across platforms, our ECR model potentially
even applies to the case of competition between a premium credit or charge card
brand and a non-premium one. To the extent that some consumers might value
the prestige associated with holding a certain ‘exclusive’ payment card, this could
generate an incentive for one platform to target this market segment — hoping to
charge higher fees to cardholders and, if possible, to merchants compared to a
rival platform focused instead on increasing profit by maximising its subscriber
numbers and transaction volumes. The attraction of such a targeted business
approach would be greater, the stronger the concentration of consumers placing
an asymmetrically high prestige value on transacting with a premium rather than
run-of-the-mill payment instrument. This is something which our ECR model
could, in principle, incorporate via using a suitable non-uniform distribution for
consumers’ per-transaction benefits.'?

3. Understanding Merchants’ and Consumers’ Card Choices

Having described the general model, the next step is to try to understand what
fractions of merchants and consumers will choose to sign up to none, one or
both platforms, and what factors will influence these proportions. In Section 3.1
we first describe a geometric framework for thinking about merchants’ card
acceptance decisions, and for understanding how these decisions will be affected
by platforms’ pricing strategies. The more complex geometric framework for

12 In this way our ECR model might represent an appropriate vehicle for investigating both the
presence of premium credit cards in the marketplace alongside more prevalent ordinary credit
cards, and the market dynamics of competition between the two.
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understanding the analogous decisions on the consumer side is then set out in
Section 3.2.13 Details of the derivations of the geometric frameworks described
in Sections 3.1 and 3.2 are provided in Appendix A. Finally, in Section 3.3 we
show how these frameworks simplify to the versions derived and analysed in
Chakravorti and Roson (2006), for the special case considered there.

3.1 Merchants’ Card Acceptance Decisions

Each merchant has some draw of per-transaction benefits {A; ", h'J"} for accepting
a payment on platform i or j. It is possible therefore to represent each merchant
as a point in h;-",h?@—space, with the population of all merchants, Q™, then being
distributed across the rectangle bounded by the points (0,0), (4;,0), (0,u;) and
(w1 j).14 Recall here that u; and pt; denote the maximum per-transaction benefits
which any merchant will receive from processing a payment on network i or j
respectively.

Using Equations (21) to (24), it is then possible to subdivide this rectangle into
four mutually exclusive regions, corresponding to the subsets €, QZlN i Q’}fwi and
szj (see Appendix A for details). Doing so yields that Q™ may be conveniently

represented geometrically as shown in Figure 1.1

The fact that Line 1 of Figure 1 may be non-horizontal reflects that there may
be some merchants who will choose not to accept platform j’s cards, despite
the per-transaction benefit they receive from taking a payment on platform j,

h’}’, exceeding the per-transaction charge they would face for doing so. This is

13 Having established frameworks for understanding agents’ behaviour in aggregate on both the
merchant and consumer sides, these frameworks are then used in Appendix B to discuss, from
a theoretical perspective, the incentives facing platforms in their pricing choices.

14 1n the event that merchants’ draws of per-transaction benefits are from uniform and independent
distributions then the population of merchants will (on average) be evenly distributed across this
rectangle, with concentration M / ;1 e

15 Without loss of generality, Figure 1 has been drawn with f;" < y; and f]'-" < u;. This reflects
that if either platform were to set its per-transaction fees above these levels it would attract no
merchants to accept its cards and so would make no profit.
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the phenomenon known as ‘steering’ — discussed, for example, in Rochet and
Tirole (2003).16

For these merchants, although the net benefit they would receive from processing
a payment on platform j, h';? — f}", is positive, the net benefit they would receive
from processing a payment on platform i, h; — f;", is greater again. If the
difference between these net benefits is sufficiently large then, provided enough
consumers who hold card j also hold card i, it may be worthwhile not to accept
platform j’s cards. This would see some payments shift to cash (namely, those
by consumers in ijwi), at some loss to the merchant. However, it would also
steer those consumers holding both cards to pay using the cards of the merchant’s
preferred platform, platform i — generating a gain sufficient, for some merchants,

to justify declining the cards of platform ;.

16 The fact that Line 2 may also be non-vertical reflects corresponding steering of consumers by
some merchants from platform i to platform j. Note that here we use the term ‘steering’ in
the sense in which it is generally used in the theoretical literature on payment systems; that
is, the refusal by a merchant to accept a platform’s card, so as to force those consumers who
multi-home to use a different card preferred by the merchant. This is in contrast to the colloquial
sense in which the term is sometimes used, of a merchant trying to influence consumers’ choices
through milder means such as signs or verbal suggestions about preferred payment options.
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Figure 1: A Geometric Representation of the Population of Merchants
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Notes: The figure shows a representation of the population of all merchants in 4;' ,hT—space,
subdivided into the four subsets Q¢', Q7" ;, Q7 _; and Q";. Line 1 passes through the point
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3.2 Consumers’ Card Choices

Turning to the consumer side, each consumer also has some draw of per-
transaction benefits {hf,h;} for making a payment on platform i or j. Hence, we
may also represent the population of all consumers, Q°, as being distributed across
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a rectangle — this time in A;, h}-space, bounded by the points (0,0), (7;,0), (0,7;)
and (Ti, Tj)'17

Using Equations (15) to (19), this rectangle can be subdivided into mutually
exclusive regions — now corresponding to the subsets Qq, Q; _;, Q) ;, Qi ;; and
QZ j.j (see Appendix A for the details). Doing so yields that the population of all
consumers may be represented geometrically in A, h?—space as shown in Figures 2
and 3. The added twist here, unlike on the merchant side, is that the breakdown
of Q° turns out to differ depending on whether or not f;"** > f7"*". Hence, our
representation of Q° consists of two separate diagrams, with Figure 2 depicting
the situation if fic’** > f;’** and Figure 3 the situation if the reverse inequality
holds. Note also that, in these figures, the further notation fl.c’*** and f;’*** 1S used

to denote the quantities

Ni’

m m

D:". D"
Cx%% __ pCk L]\ pc % Coxkk __ pCk i,]
Lt =i +<D;">ff and ;T =) +<D?)

fic,** . (25)

Regarding the intuition for the subdivisions shown in Figures 2 and 3, the
boundaries of the region € are straightforward, given the definitions of the
quantities fic’* and f;’* (see Section 2.3). For consumers in this region, the fixed
cost of holding either card exceeds the total benefit they would accrue from
that card, even if they used it at every merchant that would accept it. Then
Line 1, which passes through the point (f;"", f;’*) and has slope D" /D", simply
represents the boundary between those consumers not in £, who would opt to
hold card i, if they could hold only one platform’s card, and those who would opt

to hold card ;.

More interesting are the structures of the Regions Qf’ j.i and QZ j.j» representing

consumers who choose to hold both platforms’ cards. Focusing without loss of
generality on the Region QZ j.i In Figure 2, this consists of those consumers for

17 Recall here that 7; and T; represent the maximum per-transaction benefits which any consumer
will receive from making a payment on network i or j respectively, as set out in Section 2.4.
Also, as on the merchant side, in the event that consumers’ draws of per-transaction benefits,
h§ and h;, are from uniform and independent distributions then the population of all consumers
will (on average) be evenly distributed across this rectangle, with concentration C/7,7;.
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Figure 2: A Geometric Representation of the Population of Consumers
The case of f;"™" > f;’**
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Notes: The figure shows a representation of the population of all consumers in A}, h-space, for the
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Figure 3: A Geometric Representation of the Population of Consumers
The case of f;™" < f;’**
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Notes: The figure shows a representation of the population of all consumers in 4}, h-space, for the

1277
case fi < f;’**, subdivided into the five subsets Qj, Qf ;. Q] ;. Qi ;; and Q; ;. ;. Line 1
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passes through the point (f{"", f;"*) and has slope D;" /D’}". Line 2 passes through the point

(fi"",f;7"") and has slope Dj;/D’}". Line 3 passes through the point (f;™", f;""") and has
slope 1.
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whom the following three inequalities all hold:

h; > h (26)
> i 27)

and "
o< (o ) (= 1), (28)

L,J

The intuition underlying Inequality (26) is obvious. Since consumers face no per-
transaction fees, this simply represents the division between those consumers who,
if they hold both cards, would prefer to use card i, and those who would prefer to
use card ;.

The interpretation of Inequality (27) is also straightforward. Recall that, by
definition, f;’** is the (relatively high) effective per-transaction price that a
consumer who holds both cards, but who would prefer to use card i over
card j, faces for card j transactions. Hence, Inequality (27) is simply capturing
that a consumer who would prefer to use card i over card j will only wish to hold
both cards, rather than just card i, if the per-transaction benefit they would receive
from using card j exceeds this price.

The interpretation of Inequality (28), however, is more interesting. This condition
captures that, even for a consumer who would prefer to use card i over
card j, it may be that he or she would still choose to sign up to platform j
ahead of platform i (if, say, far more merchants will accept platform j’s cards than
platform i’s). Hence, to wish to hold both platforms’ cards, it is also necessary that
the additional utility for such a consumer from signing up to platform i, if already
holding platform j’s card, should exceed the cost of doing so; otherwise such a
consumer would be better off holding only the card of platform j. This translates
directly to the requirement that

hy +MD ( ) > fi (29)

1~]l

where: the first term on the left-hand side equates to the extra utility a consumer
would obtain from being able to pay by card, rather than by cash, at those
merchants which accept card i but not card j; and the second term corresponds
to the incremental additional utility that a consumer with 4; > h; would gain from
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being able to switch his or her card payments from platform j to platform i, at
those merchants which accept both cards. This condition is then easily confirmed
to be equivalent to Inequality (28) above.'8

A further complication on the consumer side

Finally, the need to allow for two possible cases rather than one is, unfortunately,
not the only added complication with the geometric framework described above
for the consumer side, relative to the merchant side. A further one relates to the
magnitudes of 7; and 7;.

As on the merchant side, we may assume without loss of generality that fl-c’* <7
and f;’* < T;. This reflects that, if either platform were to set its fees so that one or
other of these inequalities failed, then that platform would attract no consumers,
and hence would make no profit.

However, although for simplicity we have also drawn Figures 2 and 3 with
7, > max{f;"", £} and 7; > max{f""", f{"""}, there is nothing which ensures
that profit-maximising platforms will necessarily set their fees so that this will
|y gp y
be so. Hence, for example, Figure 2 ought really to allow for the possibility that
< OO << 9 or £07F < 1 and also independently for the
l l 1 l l 1 l p y

1
possibility that f7" < T, < fi"7, £ < 1; < f77 or f7 < 1; (and similarly
for Figure 3). Figures 2 and 3 really, therefore, each break into nine sub-cases,
of which only those corresponding to the situations where 7; and 7; each exceed

max{f;"", f;"""} have been shown.

These additional possibilities do not fundamentally alter the structure of Figures 2
and 3, since they essentially just alter where the lines h; = 7; and h? = T; sit
in relation to the other parts of each diagram. However, they do significantly

complicate the task of writing down equations for the fractions Dy, DEN i D?Ni,

I8 An alternative derivation of Inequality (28), working directly from the utility formulae given by
Equations (15) to (19), is provided in Appendix A.
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c c . . .
D;;; and Dj ;.; — even in the special case where consumers’ per-transaction
19

benefits are drawn from uniform and independent distributions.

3.3 The Case of the Chakravorti and Roson Model

As noted in Section 1, our model is a generalisation of that introduced by
Chakravorti and Roson (2006). In their model, the restriction is imposed that
consumers may only subscribe to at most one card platform. With this restriction,
the geometric frameworks just derived turn out to simplify dramatically.

Considering first the merchant side, in the event that DE = D;f: j.j = 0 itis easily
checked that Lines 1 and 2 in Figure 1 become (respectively) horizontal and
vertical. Hence, Figure 1 simplifies to the situation where a merchant will choose
to accept the cards of platform i if and only if 4" > f;", and (independently) will
accept those of platform j if and only if h’? > f]'-". This is consistent with the fact
that, when consumers hold the card of at most one platform, merchants have no
scope to ‘steer’ consumers in their choice of payment card at the moment of sale,

in the manner discussed in Section 3.1.

Similarly, on the consumer side, when consumers are prohibited by fiat from
holding the cards of more than one platform then the subsets Qf’ j.iand Qf’ j,j must
vanish. Hence, Figures 2 and 3 reduce to the single, far simpler representation
given by Figure 4 below.?? Note that this dramatic simplification already hints
at how far-reaching the consequences can be, for the modelling of competition
between payment systems, of a ‘no multi-homing’ assumption on either side of
the market. This is a point to which we return in greater detail in the sequel to this

paper (see Section 2.2 and Appendix B of Gardner and Stone 2009a).

19 of course, as on the merchant side, for the general situation of non-uniform and/or correlated
distributions these equations will be even more complex, with each possible case involving
the double integral over the relevant area of an appropriate (non-constant) density function.
For the special case where consumers’ and merchants’ per-transaction benefits are drawn from
uniform and independent distributions, details of the equations for the quantities Dy, ... ,Dzlj
and Dy, ... ,Di j.j are provided in a separate technical annex: see Gardner and Stone (2009b),
available on request.

20 Figure 4 is the exact analogue of Figure 1 in Chakravorti and Roson (2006), except that

everything in Figure 4 is shown in per-transaction terms. By contrast, in Figure 1 of Chakravorti
and Roson consumers are represented in terms of their aggregate net potential benefits (summed
across all their transactions) from using the cards of platform i or platform j.
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Figure 4: A Geometric Representation of the Population of Consumers
The special case of the Chakravorti and Roson model
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Notes: The figure shows a representation of the population of all consumers in hf,hﬁ—space,

subdivided into the three subsets €, QEN jand ini, for the special case where consumers
are prohibited from holding the cards of more than one platform. Line 1 passes through the

point (f;", f;"") and has slope D;' /D"

Finally, one further observation is in order regarding our ECR model and the
CR model. This is that both may actually be viewed as representing special
cases of a still more general model of payment system competition, obtained by
incorporating an additional parameter, k, into our ECR model. This parameter
represents the disutility to a consumer from holding more than one card — say,
due to the cluttering of their wallet, or the hassle of having to check two periodic
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transaction statements rather than one. Formally, its incorporation is accomplished
simply by subtracting k from the right-hand sides of both Equations (18) and (19)
in Section 2.4 (the effects of which would, of course, then flow through to alter the
frameworks set out in Section 3.2).

For this more general model, our ECR model would correspond to the special
case Kk = 0, while the CR model would correspond to any k value greater than
some threshold, x, sufficient to deter even the most enthusiastic of consumers
from holding more than one platform’s card. While we do not pursue this idea
further here, we do take it up in a different but closely related context in the sequel
to this paper (see Section 5 of Gardner and Stone 2009a).

4. Potential Non-uniqueness of Market Equilibria

Sections 3.1 and 3.2 appear to provide complete descriptions of the behaviour
of merchants and consumers in our ECR model, for given platform fees. In
principle, this should allow us to analyse from a theoretical perspective the
factors influencing platforms in their pricing strategies.?! However, before such an
analysis can be undertaken, it turns out that there is a significant issue remaining
to be clarified about the geometric frameworks just described.

This issue concerns whether or not, for given fee choices by platforms i and j,
the resulting merchant and consumer market outcomes are necessarily uniquely
determined. Interestingly, the short answer to this — at least for some fee
choices — is no! Moreover, non-uniqueness can arise even for the case where
merchant and consumer per-transaction benefits on each platform are uniformly
and independently distributed, and where the platforms are identical in their fee
choices and the maximum per-transaction benefits they provide to both merchants
and consumers.

For this symmetric case it is possible to establish the existence of such non-
uniqueness, as well as identify its extent and the conditions under which it will
arise, purely analytically.”> However, rather than go into the details here we
content ourselves with providing a concrete illustration. This is given by Figure 5,

21 One such analysis, focusing on the incentives facing a platform contemplating an increase in
its flat fee to consumers, is presented in Appendix B.

22 Details are provided in a separate technical annex: see Gardner and Stone (2009b).
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Figure 5: Non-uniqueness of Merchant and Consumer Market Outcomes
Thecase T, = 7; = T; W, = 1; = W; f;i = f; =0.1TM; and f" = f{' = 0.12u

Panel 1: low steering/multi-homing equilibrium
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Notes: Each panel shows the merchant market outcome for that equilibrium on the left, with
the corresponding consumer market outcome on the right. Each possible equilibrium also
corresponds to a different level of platform profits. For the case g; =g; =0, ¢;=¢; =0
and 7 = pu =1 these profit levels turn out to be: II; = II; = 0.101CM in Panel 1;
II; =1I; = 0.097CM in Panel 2; and I1; = II; = 0.088CM in Panel 3.
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which depicts the case where 7; = 7; = T and y; = 4; = {1, and the platforms set
fees fi = fj = 0.1tM and f" = f{" = 0.12. The three panels in the figure show
the three alternative market equilibria which, it transpires, could arise in this case.

What is the significance of this potential non-uniqueness? We offer two sets of
observations. The first set relates to the extent and nature of the non-uniqueness,
where it arises. The second concerns its implications for implementing and solving
the model numerically, and potentially also for the ‘chicken and egg’ debate about
the development of payment systems (and of two-sided markets more generally).

4.1 The Extent and Nature of Non-uniqueness

The first noteworthy feature of the non-uniqueness we observe in our ECR model
is that it 1s not limited to the existence of rwo possible market equilibria. As
Figure 5 demonstrates, at least three (and potentially more) admissible equilibria
can arise for some fee choices — even for the case of identical platforms.>>

This is of interest in view of the most common intuition for how non-uniqueness
in market outcomes might occur in payment systems. Known colloquially as
the ‘chicken and egg’ effect, it is relevant even in relation to a single payments
platform, not just competing platforms. It posits that feedbacks between the
merchant and consumer sides might make both ‘high take-up’ and ‘low take-
up’ outcomes simultaneously possible, for given platform fees. The former
configuration would result if (say) many merchants judged that accepting a
platform’s cards would be advisable, because of expected high consumer demand.
This would then promote exactly the high demand for the platform’s cards among
consumers that merchants expected, in turn justifying their widespread acceptance

23 Our theoretical analysis shows that in the symmetric case, for given { ff = ===
™}, up to six distinct equilibria are potentially feasible. These consist of one CR solution —
by which we mean an equilibrium with no consumers multi-homing — and up to five others
determined by admissible roots of a quintic polynomial whose coefficients are functions of f*
and ™. If we focus instead on the number of equilibria for given effective per-transaction fees,
{77 =17 =77 f"=f]' = f"}, we can be even more precise. In this case, although for
many fee settings there will be a unique equilibrium, for others there can be as many as three
distinct equilibria. If (f©*/7) > (f™/u) these consist of a CR solution and up to two others
involving some consumer multi-homing, determined by admissible roots of a cubic polynomial
whose coefficients are functions of f<* and f"; if (f©*/7) < (f"/u) they consist of up to
three equilibria involving consumer multi-homing, determined by admissible roots of this same
cubic. Full details are provided in Gardner and Stone (2009b).
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of these cards. The latter configuration, also internally consistent, would instead
see few merchants judging it likely to be worthwhile to accept a platform’s cards,
and few consumers choosing to hold these cards, with each side’s decisions
validating the other’s.

In its simplest form, however, this intuition provides a potential rationale for just
two distinct market equilibria — rather than the three or more which can arise in
our model for some fee settings. Moreover, it is not the case, for the equilibria in
our model, that high (low) aggregate card holding by consumers and high (low)
aggregate card acceptance by merchants go together. For example, the equilibrium
in Panel 1 of Figure 5 involves consumers holding an average of 0.99 cards and
merchants accepting an average of 1.76 cards; yet the equilibrium in Panel 3, while
having a higher average rate of consumer card holding of 1.32, has a lower average
rate of merchant card acceptance of 1.49.

The non-uniqueness in our ECR model is clearly, therefore, of a different character
than ‘chicken and egg’ non-uniqueness. Rather, it reflects non-uniqueness in the
dimension of merchant steering/consumer multi-homing — with the three panels in
Figure 5 corresponding to low, medium and high rates of steering/multi-homing.

Intuitively, the low steering/multi-homing configuration would result if merchants
generally expected few consumers to hold multiple platforms’ cards. This would
lead few merchants to attempt to steer consumers by refusing acceptance of one
or other platform’s cards, which would then promote exactly the sort of single-
homing behaviour by consumers that merchants initially expected. On the other
hand, for the same platform fees the high steering/multi-homing outcome would
result if merchants instead generally expected most consumers to multi-home.
In this case merchants would be much more inclined to steer consumers by
accepting only their preferred platform’s cards, and this would in turn increase
consumers’ propensity to multi-home, as initially expected. In the case of Figure 5,
both outcomes would be internally consistent and could arise — with each side’s
decisions validating those of the other — as indeed could an intermediate outcome
involving a moderate degree of merchant steering coupled with a corresponding
moderate degree of consumer multi-homing.

So far as we know, this form of potential non-uniqueness in market equilibria, for
given platform fees, is new and has not previously been concretely illustrated in
the literature. Unlike the ‘chicken and egg’ effect, it is relevant only in the context



30

of competing platforms (even where these are symmetric) and cannot arise in a
single-platform setting.?* Its occurrence here illustrates the richness and subtlety
of the feedbacks between merchants and consumers in our ECR model.

4.2 The Modelling and Other Implications of Non-uniqueness

The second observation about the potential non-uniqueness in our model is a
practical one, namely that it raises the question: for both the monopoly and
duopoly settings, to which equilibrium will the market actually settle, where more
than one is feasible? Identification of this ‘actual equilibrium’ for every possible
set of fee choices is necessary to complete the specification of the model.

The natural decision rule we adopt to resolve any non-uniqueness, at least for the
symmetric case, i1s based on platform profits. Where several potential equilibria
are possible for given platform fees, each will correspond to a different profit
for each platform. In the case where these profits are symmetric across the two
platforms, we assume that it is the common, high-profit equilibrium at which the
model settles — consistent with platforms having a profit maximisation objective.?
This might occur, say, through both platforms providing temporary incentives to

24 Indeed, the only other paper of which we are aware that discusses non-uniqueness of merchant
and consumer market outcomes at any length, other than in the ‘chicken and egg’ sense, is
Armstrong and Wright (2007). They consider a model in which various assumptions ensure that
agents on one side will all single-home, regardless of the pricing they face. They then find that
four different, internally consistent, market equilibria can potentially arise for given platform
prices (although at most, three can ever be feasible simultaneously). No market outcome is
possible, however, in which some but not all agents on one side multi-home. This accounts for
why Armstrong and Wright’s framework does not generate the sort of non-uniqueness identified
above for our ECR model (corresponding to different gradations of aggregate consumer multi-
homing/merchant steering).

25 In the case of Figure 5, for example, this is the ‘low steering/multi-homing’ equilibrium shown

in Panel 1 of the figure.
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consumers and/or merchants to drive the market to this outcome.?® (The non-
symmetric case is obviously more complex and is not dealt with in this paper.2’>2%)

The idea that temporary incentives might be useful to resolve non-uniqueness of
merchant and consumer market outcomes may also be relevant to the ‘chicken and
egg’ debate in relation to payment systems. The problem of how to get consumers
to take up a payment instrument that merchants do not yet widely accept, and vice-
versa, is often raised as a key impediment to the development of new payment
mechanisms. This has then been used to justify the imposition of interchange fees
— or, more generally, pricing skewed in favour of one side of the market — to
encourage one side to come on board, thereby promoting take-up by the other side
and so overcoming the ‘chicken and egg’ problem.?’

In its pure form, however, this ‘chicken and egg’ problem is a product entirely
of network effect feedbacks between the two sides of the market — exactly as
with the non-uniqueness described in Section 4.1. Hence, just as here, if a high
take-up equilibrium were deemed preferable to a low one this might justify the
temporary use of incentives, such as interchange fees, to shift the market to this
equilibrium. However, there would be no need on ‘network effect’ grounds for

26 Such incentives would not necessarily require collusion between platforms — something which
would be inconsistent with competition in the duopoly setting — since both platforms’ interests
are aligned in the symmetric case.

27 Since platforms in this situation might order feasible equilibria differently by profit, some

mechanism would be required to determine which potentially second-best outcome for both
platforms would actually be arrived at in this case. One possibility would be a game-theoretic
procedure that would sit within the broader competitive game facing each platform of choosing
its fees so as to maximise its profits, while taking into account how the other platform might
respond. For the general non-symmetric case we do not pursue this ‘game within a game’ issue
further here.

28 For the special non-symmetric case of small perturbations away from a symmetric fee setting
we adopt a different approach altogether, in the sequel to this paper (Gardner and Stone 2009a),
to resolving any potential non-uniqueness. In such cases we assume that the actual market
equilibrium will be the one reached by starting from the symmetric equilibrium and then
iteratively adjusting the merchant and consumer sides of the market, in turn, in the manner
described in Appendix B of this paper, until these cease changing. This sort of iterative
procedure is actually the same as that used in Roson (2005) to carry out simulation analyses —
although we use it only for the case of infinitesimal perturbations from a symmetric solution.

29 We leave aside here the issue of whether growth of a new payment mechanism need always be
welfare-improving.
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such incentives to be maintained, once this equilibrium had been achieved; the
positive externalities to each side from high take-up on the other would provide
sufficient motivation for both consumers and merchants to remain at such an
equilibrium. Hence, the case for continuing interchange fees would have to rest
on the existence of ongoing usage externalities in the system, generated each time
a transaction occurred, as distinct from the sort of ‘usage option’ or membership
externalities just discussed.?®

5. Conclusions

In this paper we have developed a model of competition between payment
platforms which avoids many of the limiting assumptions commonly made
in analyses of such competition to date. Specifically, our model allows for
heterogeneity in consumer and merchant benefits from the use of platforms,
flat rather than per-transaction pricing by platforms to consumers, and fully
endogenous choices by both consumers and merchants about how many cards
to hold/accept.’! These features have a number of potentially far-reaching
consequences. In particular, they allow for different consumers to face different
effective per-transaction prices for the use of a given platform’s card — something
which is not the case when platforms’ pricing to both sides is purely per-
transaction, or when (as in the CR model) consumers are prohibited by fiat from
multi-homing. This represents a fundamental change — and one that better matches
reality in a number of settings of interest, such as the case of competing credit card
schemes.

In developing our ECR model we have also shown how the card subscription
decisions of consumers and card acceptance decisions of merchants may be
represented geometrically. This yields frameworks which allow us to more readily
examine and understand the behaviour of, and incentives facing, merchants,
consumers and platforms. We have also used the model to concretely illustrate
a new potential source of non-uniqueness in consumer and merchant market
outcomes, for given platform fees, which is distinct from the usual ‘chicken

30 For a more detailed discussion of membership versus usage externalities in payment systems
(and two-sided markets more generally) see Rochet and Tirole (2005).

31 It also incorporates the ‘derived demand’ aspect of payments markets (although it does not
allow for business stealing considerations).
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and egg’ phenomenon. Unlike the latter, which may arise even for a single-
payment system, this source of potential non-uniqueness relates to the extent of
consumer multi-homing/merchant steering, and so can only occur in the context
of competing payment systems.

In the sequel to this paper (Gardner and Stone 2009a) we use the model developed
here to explore more fully, via simulation analysis, the likely effects of competition
on platforms’ pricing strategies. In particular, we investigate how these effects may
be influenced by allowing fully endogenous multi-homing by both consumers and
merchants, rather than having only one side of the market allowed to hold/accept
multiple cards.
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Appendix A: Derivation of the Geometric Frameworks in
Section 3

In this Appendix we formally derive the geometric frameworks described in
Sections 3.1 and 3.2 for understanding the card holding, use and acceptance
decisions of consumers and merchants in our model.

A.1 The Framework for Merchants’ Card Choices

We begin by deriving the subdivision — shown in Figure 1 — of the population of

all merchants, Q", into the four distinct regions Qf, Q;"_;, Q7 _; and Q.

Clearly, a merchant will lie in Q' if and only if max{U;". iy Uj Nl} max{C(h}"
JiMD;,C(H} — fi")D$} < 0; or in other words, 1fand0nly1f 3

0<n'<f" and 0<H!<fi". (A1)

Next, among those merchants not in €, a given merchant will give preference
to accepting the cards of platform i over those of platform j if and only if
Ul ~j 2 U 33 Hence, by Equations (22) and (23), they will prefer to sign up
to platform i over platform j if and only if

W< f7+ L (h = ) (A2)

while they will prefer to sign up to platform j over platform i if and only if the
reverse inequality holds.

Lastly, we wish to identify those merchants that will choose to accept the cards of
both platforms; that is, which lie in Q?fj. To do this observe that a merchant not in

Qg will choose to sign up to both platforms if and only if U > max{U;". i, J-N-};
or in other words, by Equations (22) to (24), if and only 1f
(B = fiAD; i+ D5 i} + (W] = fiAD5 i+ D i} = (B = f)D] - (A3)

32 Here, and in what follows, we assume without loss of generality that D > 0 and Dj- > 0, since
otherwise one or other platform would be attracting no consumers, and so making no profit.

33 Here, the terminology ‘preferred’ platform means that platform whose cards the merchant
would choose to accept if it could only sign up to one platform, not both.
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and
(W = fi){ i j D i} + (W] = 7D i+ D5 i} = (B = f7)D5. (Ad)

Yet then, on re-arranging, Inequality (A3) will hold if and only if

D¢ ..
W 1 (e Ll ) (= £ (AS)
j = Jj c c i i

Dj i+ Djj;

with the case of equality here corresponding to a line through the point (f;", f]m)
in i}, h}-space, with slope Dj ;.;/(D .;+ Dj ;). Similarly Inequality (A4) will
hold if and only if

m m quwj_FDl?j'i m m
W< A+ (L ol - (AG)

D ij;i
for which the case of equality again corresponds to a line through the
point (f{",f{") in h{',h}-space, this time with slope (D;.; + Dj .;)/Dj ;.
Inequalities (A1), (A2), (AS) and (A6) then immediately yield the breakdown of

Q" shown in Figure 1.

A.2 The Framework for Consumers’ Card Choices

We now derive the corresponding but more complex subdivision — shown in
Figures 2 and 3 — of the population of all consumers, Q°, into the five distinct

. c c c ¢ ¢
regions g, Q; _;, ) _;, €; .y and Q; ;..

To begin with, by Equations (15) to (17) a consumer will clearly lie in Qj if and
only if max{Mh;D;" — f; ,Mh3D} — f;} < 0; or in other words, if and only if

0<h; <f" and 0<h;< f;’* . (A7)

Next, among those consumers not in Q(C) (that is, who will hold at least one card),
a given consumer will prefer to hold platform i’s card over platform j’s if and only
if U ; > U; ;. Hence, by Equations (16) and (17), they will prefer to sign up to

i~
platform i over platform j if and only if

m

D:
Wy < S5+ o = 1) (A8)
J
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while they will prefer to sign up to platform j over platform i if and only if the
reverse inequality holds.

Note that the issue of which platform a consumer would prefer to subscribe to is
distinct from the question of which platform’s card they would prefer to use, at the
moment of sale, if they held both. This latter preference will depend only on the
relative magnitudes of 4; and h;, with a given consumer preferring to use platform
i’s card over that of platform j if and only if

hS > S (A9)

Inequality (A8) may be thought of as dividing the region Q° \ € into two parts,
separated by the line corresponding to equality in (A8) — which passes through
the point (f;"", fc ") and has slope D"/ D . Inequality (A9) represents a different
subdivision of Q into two parts, this tlme separated by the line h = h; (Line 3 in
Figures 2 and 3), which passes through the origin in A; h -space and has slope 1.

Finally, we want to identify those consumers who will choose to hold the
cards of both platforms — further subdivided into those who will prefer to use
card i, Q; ; j:i» and those who will prefer to use card j, Q: jj- Starting with Q: i
by definition a consumer in Q°\ Q( will lie in this subset if and only if A; > h
and U; i 2 max{U; ~j ;’Ni}. Hence, by Equations (16) to (18), such a consumer
will lie in Q; ;.; if and only if A; > hf and the following two inequalities hold:

n; D} +h]D] i ff/M—fj/M > n:D!" — i /M (A10)

and
th —i—hJD]N, f,/M f]/M>h fJ/M (A11)

The first of these inequalities readily reduces to the condition that

= £ (A12)
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where f;’** 1S as defined in Section 2.4; while the second, after some
simplification, may be re-expressed as the requirement that:>*

m

7 < (g,; )(hf — £ (A13)

i,
A consumer not in Qg will therefore lie in Qf, j.i 1f and only if Inequalities (A9),
(A12) and (A13) all hold. Moreover, it is readily checked that, in the event that

fic’** > f;’**, none of these three inequalities is redundant in delineating the region

Q; ;. in hy, h-space (see Figure 2). By contrast, in the event that f;™* < f;’**, the
latter constraint, Inequality (A13), does become redundant in specifying Qi jii» @8

illustrated in Figure 3.

As for Q: ..., a consumer not in g will, analogously, lie in this subset if and only

0,J5J?
if
h? > hf (A14)
and
D"
W2 S+ (o ) (A16)
J

34 Note that the line corresponding to equality in Inequality (A13) passes through the point
(f{"",0) and has slope D;"/D};.
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Appendix B: Platforms’ Pricing Incentives

In this Appendix we use the geometric frameworks developed in Section 3 to
briefly examine, at a theoretical level, the incentives facing platforms in their
pricing decisions. Further details of the analysis sketched here are provided in
Gardner and Stone (2009b), while actual simulation analysis of these incentives
and their implications is carried out in Gardner and Stone (2009a). Note that,
for the purposes of the discussion below, we assume for simplicity that no non-
uniqueness issues arise, along the lines described in Section 4, for any of the fee
settings under consideration.

B.1 The Effects of an Increase in a Platform’s Consumer Fee

Consider the case of a platform contemplating raising its flat fee to consumers.>
Before doing so it must take into account that, even with unchanged merchant
acceptance, this might cause some consumers to switch to the rival platform, and

cause others to abandon cards altogether in favour of cash. These would be the
direct effects of such a fee increase.

However, they are not the only effects such a change would have on the platform’s
position in the market. The reduction in consumers subscribing would, in turn,
reduce the number of merchants wishing to sign up to the platform. This would
then not only further affect the platform’s expected profit but also generate third-
round effects back on the consumer side (by further reducing the incentive for
consumers to hold the platform’s card), and so on.

The frameworks developed in Section 3 give a way of tracing through these
effects, conveniently broken into direct, second-, third- and later-round impacts
as just described.’® For the case of a marginal increase in platform i’s flat fee to
consumers, with the other platform’s fees held fixed, the first few rounds of these
impacts are illustrated in Figures B1 to B3. In these figures we assume that the fee
change is from a starting equilibrium where f;"" < f;’** <min{7;,7;}, so that the
consumer side of the market may initially be represented as in Figure 3.

35 The corresponding analysis of the alternative case of a merchant fee increase proceeds similarly.

36 These do not, of course, literally represent first-round, second-round and so forth effects in a
dynamic sense. Rather, they represent a useful way of disaggregating the overall shift between
pre- and post-change equilibria into manageable components.
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Figure B1: The Effects of an Increase in f;
Direct effects on the consumer side
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Notes: The figure shows a representation of the population of all consumers in hf,h;-space, for

the case f;" < flc** subdivided into the five subsets €, in i Qi QE ji and Qlﬁ I
Solid lines indicate the initial subdivision. Dotted lines indicate the new subdivision which
would result from a small increase by platform i in its flat fee to consumers from £ to f;,

assuming no change in merchant acceptance of each platforms’ cards.

~I°

Clearly, we could also, in principle, continue such diagrammatic analysis to
consider fourth-round effects on merchants from the third-round changes in
consumers’ card holding decisions, fifth-round effects on consumers from these
fourth-round impacts, and so on. However, rather than doing so we content
ourselves with two observations.
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Figure B2: The Effects of an Increase in f;
Second-round effects on the merchant side
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Notes: The figure shows a representation of the population of all merchants in hlm,h;”—space,

subdivided into the subsets Qp, Q" i Q?TN,- and Q:"J Solid lines denote the initial

subdivision. Dotted lines indicate the new subdivision which would result from merchants
taking into account, in their card acceptance decisions, the direct effects on consumers’
card choices of an increase by platform i in its flat fee from f; to f;, as shown in Figure B1.

The first is that we would expect any fourth- (or sixth-, eighth-, etc) round effects
to resemble, in general terms, the second-round effects discussed above — being
driven as they would be by shifts in consumers’ card holding choices. Similarly,
we would expect any fifth-, seventh-, etc round effects to resemble the third-round
effects discussed above (rather than the direct effects), being the result not directly
of a price change but indirectly of changes in merchants’ card acceptance patterns.
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Figure B3: The Effects of an Increase in f;
Third-round effects on the consumer side
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Notes: The figure shows a representation of the population of all consumers in A, hc -space, for

the case ;" < f;"", subdivided into the five subsets Q5, Q; _;, Q5 ;. Q,CJ, and Q; ;..
Solid lines 1ndlcate the initial subdivision. Dotted lines indicate the subdivision which
would result from only the direct effects of a small increase by platform i in its flat fee to
consumers from f{ to f;. Finally, dashed lines indicate the subdivision which would result
from taking into account not only these direct effects, but also their immediate impact on

merchants’ acceptance of each platforms’ cards, as shown in Figure B2.

The second observation is that, while not guaranteed, one might hope that iterative
breakdowns like this would see the bulk of any impacts concentrated in the first
few rounds, with later-round effects becoming less and less significant. Happily,
numerical checks for a range of scenarios suggest that this is typically so — at least
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where, as assumed here, no issues of non-uniqueness arise. Hence, examining up
to third-round effects generally seems to be sufficient, in such circumstances, to
understand how a given fee change by one platform would be expected, ceteris
paribus, to affect the card holding and acceptance decisions of both consumers
and merchants.

B.2 The Impact on a Platform’s Profits and Incentives

For any starting configuration of fees, the sort of analysis in Section B.1 would
allow each platform to assess the impact on its equilibrium consumer and merchant
base of a shift in its pricing — at least for unchanged fees on the rival platform.
This would, in turn, allow each platform to determine the effects on its (and its
competitor’s) profits of such a shift, and so weigh its incentives to proceed.>’

These latter effects are traced through in detail in Gardner and Stone (2009b),
where a discussion is also provided of how the profit impacts and incentives
would change in the event that the two platforms were not rivals, but rather were
operated by a monopoly provider of card payment services. Without repeating
that discussion here, an illustration of these effects is provided by Table B1, which
summarises these profit impacts for the case of the third-round effects of a small
increase in platform i’s flat fee to consumers (as depicted in Figure B3).

Six distinct effects on consumers’ card holding behaviour may be identified in
Figure B3 and, for each category, its profit impact may be separated into two
parts: that from resultant changes in net subscription revenue, shown in Part A
of Table B1; and that from resultant changes in transaction volumes, shown in
Part B.3®

As i1s evident from the table, for just two of the six categories of changes are
the profit impacts identical in the duopoly and monopoly cases. The first is those
consumers who would switch from holding only card i to holding no cards; and

37 A further — and quite separate — complication for a platform contemplating altering its fees is,
of course, the issue of how the other platform might respond to any such price change.

38 In discussing these impacts we assume that min(f; — g;, ff —g;) > 0 and min( " —c, f]m —
c¢;) > 0, or in other words that neither platform is initially subsidising subscriptions or
transactions (even though either possibility could conceivably be a profitable strategy). This
is done for simplicity, to rule out the possibility that a loss of subscriptions or transactions by a
platform could, at least in its immediate impact, be profit increasing.
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Table B1: Profit Impacts of the Third-round Effects on Consumers’ Card

Choices Shown in Figure B3
Positive (+), negative (—), nil (x) or ambiguous (?)
The case of a flat fee increase by platform i

Change in card choice Consumers Impact on I1; Impact on monopoly
affected in duopoly profit (I, +11;)
A. Impact on net subscription revenue
Hold i only — No cards Region ARBA — —
Hold i only — Hold j only Region RBEQEB — ?
Hold i only — Hold i and j
Prefer to use i Region KLLK * +
Prefer to use j Region EQKK * +
Hold i and j but prefer j
— Hold j only Region ENNQ — —
No cards — Hold j only Region SBRS * +
B. Impact on net transaction revenue
Hold i only — No cards Region ARBA — —
Hold i only — Hold j only Region RBEQEB — ?
Hold i only — Hold i and j
Prefer to use i Region KLLK * +
Prefer to use j Region EQKK — ?
Hold i and j but prefer j
— Hold j only Region ENNQ — —
No cards — Hold j only Region SBRS * +
Notes: For each category of change in consumers’ card holding choices, the table separates the impacts of such

changes into two parts: Part A shows the impact on profit from resultant changes in net subscription
revenue; Part B shows the impact on profit from resultant changes in transaction volumes. Results shown
are for the scenario discussed in Section B.1, where it was assumed that f;"*" < f;""" < min{7;, 7;} initially.
Results also assume that prior to the fee increase min(f; —g;, fj —g;) > 0 and min(f;" —¢;, fj" —¢;) > 0,
as discussed in Footnote 38.

the second is those consumers who multi-home, and who prefer to use card j, who
would switch to single-homing on platform j.

For all other categories the profit impacts would differ between the two cases —
being always, in aggregate, less adverse for the monopolist. For example, consider
the category of consumers who would switch from holding just card i to holding
both cards, but with a preference to use card j. For this category, the impact on
platform i’s profit in the duopoly setting would be nil in terms of net subscription
revenue, but clearly negative in terms of net transaction revenue (since these
consumers would now switch all their transactions at those merchants who accept
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both cards from card i to card j). By contrast, for a monopoly operator of both
platforms, the impact on net subscription revenue would be clearly positive — from
the additional subscriptions on platform j — while the effect on net transaction
revenue would be ambiguous rather then definitely negative.>”

39 Specifically, in the monopoly case each transaction switched from platform i to platform j
would entail a loss in net transaction revenue of f;" — c;, as in the duopoly case, but also
an offsetting gain of f]'-" — ¢;. Hence, provided f]m > c¢; as we are assuming here, the impact
from these switched transactions would be unequivocally less bad for a monopolist than for the
operator of platform i in a duopoly. Indeed, it might even be positive, in the event that platform
J’s profit margin on transactions, fj'-" — ¢, were greater than that of platform i.
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