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1 Introduction

Payment cards - more commonly referred to as credit and debit cards - are of

ever increasing importance for making payments. [7] report that in 2002 1.8

billion cards were used to buy products and services worth more than US$ 2.7

trillion with high growth rates since then. Despite the importance of payment

cards the competition between the different card issuers, most prominently

Mastercard, Visa, American Express, Discovery, JCB and Diners Club, is not

well understood. This paper provides a first model of this competition by

using an agent-based approach to model the complex interactions between the

various market participants which is not easily possible using other modeling

approaches. In our model we are able to derive the main driving factors of

the demand for payment cards and the profits made by card issuers, as well

as derive the optimal pricing strategy.

What distinguishes the market for payment cards from most other markets

is that it is a two-sided market, i. e. both partners in the transaction, con-

sumers and merchants, using a payment card need a subscription to this

specific payment card. Modeling such markets is challenging as the behavior

of market participants is determined by a set of complex interactions between

consumers and merchants as well as within the group of consumers and the

group of merchants. Consumers and merchants will face network external-

ities as a larger number of merchants and consumers using the card makes

the subscription more valuable and card issuers will also affect behavior by

changing subscription fees and benefits associated with the cards.

Most models of the payment card market only give cursory considerations

to these complex interactions and how they affect competition. Most of the

2



literature focuses on a peculiarity of the payment card market, the so called

interchange fee, see [1, 2, 4, 3, 5, 7, 6]. This fee arises as follows: card issuers

do not directly issue payment cards to customers but rather allow banks to

distribute them in their own name; card issuers only provide a service in form

of administering the payments made using these cards. Similarly, merchants

do have a contract with a bank that allows them to accept payments made

using a specific payment card. In the majority of cases the consumer will

have been given his card from a bank with the merchant having a contract

with another bank. In this case the bank of the merchant will have to pay

the bank of the consumer a fee for making the payment, which is called the

interchange fee. Not only is much of the academic literature focussing on the

interchange fee, it is also the focus of regulators, see [8, 9, 10, 11].

With the focus on the interchange fee the literature makes a number of

very simplifying assumptions on the behavior of consumers and merchants.

In contrast, our paper will explicitly model the behavior of consumers and

merchants and focus on the competition between payment cards to attract

subscribers and transactions. We abstract from the interchange fee by im-

plicitly assuming that payment cards are directly issued by card issuers, i. e.

neglecting the role of banks in the market. This approach allows us to focus

on all the fees paid by consumers and merchants using payments cards rather

than only the interchange fee. This will allow us to gain an understanding of

the competitive forces in the payment card market and how consumers and

merchants are affected by it. So far no other paper is able to investigate this

issue adequately.

The remainder of this paper is organized as follows: the coming section intro-

duces the artificial payment card market with its elements and interactions,
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section 3 then briefly introduces the learning algorithm used to optimize

the card issuers’ strategies and discusses the parameter constellation used

in the computer experiments. The results of the computer experiments are

presented in section 4, where we focus on the demand and profits functions

as well as the optimal pricing structure by card issuers. Finally section 5

concludes the findings of this paper.

2 The Artificial Market

In this section we introduce our model of an artificial payment card market

by describing in detail the market participants - consumers, merchants and

card issuers - and how they arrive at their decisions through interactions with

each other.

2.1 Model Elements

In this subsection we formally introduce the three key elements of the model

- merchants, consumers and payment cards - with their attributes.

2.1.1 Merchants

Suppose we have a set of merchants M with |M| = NM, who are offering a

homogeneous good at a common price and face marginal cost of production

lower than this price. With the elimination of price competition among mer-

chants, we can concentrate on the competition among payment card providers

and how the card choice affects merchants. The merchants are located at ran-
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dom intersections of a N ×N lattice, where N2 À NM, see figure 1. Let the

top and bottom edges as well as the right and left edges of this lattice be

connected into a torus.

2.1.2 Consumers

Consumers occupy all the remaining intersections of the above lattice. The

set of consumers is denoted C with |C| = NC, where NC À NM and N2 =

NC + NM. Each consumer has a budget constraint that allows him in each

time period to buy exactly one unit of the good offered by the merchants

in a single interaction with one merchant. By making this transaction the

utility of the consumer increases. In order to obtain the good any consumer

c ∈ C has to travel to a merchant m ∈ M. The distance imposes travel

costs on consumers, which reduces the attractiveness of visiting a merchant.

We have explored the case, where the connections among consumers and

merchants are local and the distance traveled by a consumer c to a merchant

m, is measured by the ”Manhattan distance” dc,m between the intersections

on the lattice, where the distance between two neighboring nodes has been

normalized to one. We further restrict the consumer to visit only the nearest

mc merchants and denote by Mc the set of merchants a consumer considers

going to.

2.1.3 Payment Cards

We consider a set of payment cards P with |P| = NP + 1 and NP ¿ NM.

The first payment method is the benchmark and can be interpreted as a

cash payment, whereas all other payment forms are card payments. Cash is
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Figure 1: Sample of a lattice with consumers (c) and merchants (m)

available to all consumers and accepted by all merchants. For a card payment

to occur, the consumer as well as the merchant must have a subscription to

the card in question. We assume that card payments, where possible, are

preferred to cash payments by both, consumers and merchants. In each time

period a fixed subscription fee of Fp ≥ 0 is charged to the consumer, and

Γp ≥ 0 to the merchant. Cash payments do not attract any fees.

For each unit of goods sold using a payment card p ∈ P , a merchant m ∈M
receives net benefits of βp ∈ R. Such benefits may include reduced costs from

cash handling, and could differ across payment methods and are assumed to

be identical for all merchants for any given card. Note that the benefits βp

could have a negative value. This means that the variable fees paid by the

merchant to the card issuer is bigger than the benefits he received from the

same payment card in which they can be interpreted as a transaction fee.

Cash payments do not provide any benefits.

Consumers also receive net benefits from paying by card, bp ∈ R, but no ben-

efits from cash payments. Here, the benefits may arise from delayed payment,
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insurance cover or cash-back options. As with the benefits to merchants, the

benefits to consumers can also be negative and again represent a transaction

fee.

In addition, the issuer of the payment method has to decide how much it

should spend on marketing effort lp ≥ 0, in order to increase the awareness by

the consumers and the merchants for the payment card that he is providing.

The strategy employed by a payment card provider is defined as the set of

variables controlled by them: S = {Fp, Γp, βp, bp, lp}. It is this set of variables

that we will be optimizing for each payment card in section 4.

2.2 Decision-making of market participants

Decisions by market participants are arrived at through interactions with

each other. This section sets out how these interactions drive decisions by

consumers and merchants. The decisions on the strategies chosen by card

issuers are considered in sections 3 and 4.

2.2.1 Decisions by consumers

Consumers face three important decisions: which merchant to choose, which

payment card to use in the transaction with the merchant, and to which

payment cards to subscribe to.

The consumers’ choice of a merchant We assume that when deciding

which merchant to visit the consumer has not yet decided which of the cards
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he holds will be used. Suppose Pc,m is the set of cards consumer c ∈ C and

merchant m ∈M have in common and let |Pc,m| = NPc,m . The more payment

cards the merchant and the consumer have in common, the more attractive

a merchant becomes, as the consumer always carries all his cards with him.

Additionally the smaller the distance dc,m between the consumer and the

merchant, the more attractive this merchant will be to the consumer. From

these deliberations we propose to use a preference function for the consumer

to visit the merchant as follows:

vc,m =

NPc,m

dc,m

∑
m′∈Mc

NPc,m′
dc,m′

(1)

Each consumer c ∈ C chooses a merchant m ∈ M with probability vc,m as

defined in equation (1). The consumers will continuously update their beliefs

on the number of common payments they share with a particular merchant,

by observing the number of common payments of all shops they can visit -

i. e. not only those actually visited - as subscriptions change over time.

The consumers’ choice of a payment card The consumer decides

which payment card he wants to use with the merchant he has selected.

We assume a preferred card choice in which he chooses the card with the

highest benefits bp from the set Pc,m; if the merchant does not accept any of

the consumers’ cards, the transaction is settled using cash payment.1

1Please note that even for a negative bp consumers prefer to use payment cards. With-
out changing the argument we also could associate a large negative transaction fee with
cash payments to justify our previous assumption that card payments are preferred.
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Consumer subscriptions Initially consumers are allocated payment cards

such that each consumer is given a random number of randomly assigned

payment cards. Periodically consumers have to decide whether to cancel a

subscription to a card they hold and whether to subscribe to new cards. The

frequency with which consumers take these decisions is defined by a Pois-

son distribution with a mean of λ time periods between decisions. For that

reason, every consumer c ∈ C keeps track of whether the cards he owns, Pc,

are accepted by the merchant or not. If a card p ∈ Pc is accepted by the

merchant m ∈Mc he is visiting, the consumer increases the score of the card

ω−c,p by one.2

Assume that he cancels his subscription to a card with probability3 4

π−c,p =
x−c k

x−c k + e
ω−c,p
ωc

, (2)

where ωc denotes the number of merchants visited and x−c k accounts for the

inertia of the costumer in changing cards. We define k = 1 + Fp + NPc + ε
bp

,

and ε and x−c are constants. A larger value for x−c k implies that for a given

number of merchants accepting the card, the consumer is less likely to cancel

his subscription, but rather maintaining the status quo. The decision is

also affected by the fees and benefits associated with a payment card. A

card becomes more attractive to subscribe and existing subscriptions are less

likely to be canceled if the fixed fee charged is low and the net benefits from

2Please note that here consumer only takes into account the merchant he actually
visits. This is in contrast to the decision which merchant he visits where he is aware of
the number of common cards for potential merchants.

3The probabilities defined in equations (2) and (3) are also affected by the marketing
effort of each payment card provider. Its role is explained in section 2.2.3.

4
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each transaction are high. Furthermore, the more cards a consumer holds,

the more attractive it becomes to hold this card as a wider acceptance in the

future can be expected.

Let P−c = P \Pc denote the set of cards the consumer does not subscribe to,

with |P−c | = NP−c . If the merchant and the consumers have no payment card

in common, i. e. Pc,m = ∅, and the merchant accepts at least one payment

card, i. e. Pm 6= ∅, the consumer increases the score ω+
c,p by one for all

p ∈ Pm ⊂ P−c .

With x+
c a constant, the probability of subscribing to a card not currently

held by the consumer is then determined by

π+
c,p =

e
ω+

c,p
ωc

x+
c k + e

ω+
c,p
ωc

. (3)

This probability uses the inertia of consumers to subscribe to new cards

through the use of x+
c k in a similar way to the decision of canceling a sub-

scription as discussed before.

2.2.2 Decisions by merchants

The decisions of merchants are limited to the choice of card subscriptions.

Similar to consumers the frequency with which merchants review their sub-

scriptions is governed by a Poisson distribution specific to each individual. As

with consumers the initial subscriptions of merchants are a random number

of randomly selected payment cards.

Merchants keep track of all cards presented to them by consumers. Every
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time a card p ∈ P is presented to the merchant m ∈ M and he has a

subscription to this card, i.e. p ∈ Pm, he increases the score of θ−m,p by one.

With |Pm| = NPm the probability of canceling this subscription5 is given by

π−m,p =
x−mq

x−mq + e
θ−m,p
θm

, (4)

where θm denotes the number of cards presented and x−mq represents the

inertia to changes similar to that of consumers with x−m being a constant

and q = 1 + Γp + NPm + ε
βp

. Similarly, if the merchant does not have a

subscription to the card, i.e p ∈ P−m, the score of θ+
m,p is increased by one and

the probability of subscribing to a card is given by

π+
m,p =

e
θ+
m,p
θm

x+
mq + e

θ+
m,p
θm

, (5)

where once again x+
m is a constant.

2.2.3 Decisions by card issuers

Card issuers have to decide on all variables in their strategy space S, i. e.

decide on the fees and net benefits of consumers and merchants as well as

the marketing expenses. While optimizing these variables will be the main

subject of the following sections, we want to establish the impact these vari-

ables have on the objective function of the card issuers as well as the impact

of the marketing effort on the decisions of consumers and merchants.

5The probabilities defined in equations (4) and (5) are also affected by the marketing
effort of each payment card provider. Its role is explained in section 2.2.3.
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The total profit Φp of a card issuer is calculated applying the following equa-

tion:

Φp = ΦCp + ΦMp − Lp, (6)

where ΦCp are the profits received from consumers and ΦMp those from mer-

chants. These profits are given by

ΦCp =
I∑

t=1

Nt,CpFp −
I∑

t=1

Nt,Tpbp, (7)

ΦMp =
I∑

t=1

Nt,MpΓp −
I∑

t=1

Nt,Ipβp, (8)

where the additional index t denotes the time period, I the number of time

periods considered by the card issuer and NTp the number of transactions

using card p. The fees and net benefits set by the card issuers will affect the

number of subscriptions and transactions using a card, which then determine

the profits for the card issuers. Thus we have established a feedback link

between the behavior of card issuers on the one hand and consumers and

merchants on the other hand.

The sum of all publicity cost is denoted Lp and is calculated as

Lp =
I∑

t=1

lp = Ilp, (9)

where lp denotes the publicity costs for each time period, which we assume
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to be constant.

These publicity costs now affect the probabilities with which consumers and

merchants maintain their subscriptions and subscribe to new cards. The

probabilities, as defined in equations (2) - (5), are adjusted due to these

publicity costs as follows:

ξ = τπ (1− π) , (10)

where π represents , π+
c , π−c , π+

m , or π−m, as appropriate and τ = α
(
ϕ− e−lp

)
.

The constants α and ϕ satisfy the constraints π− ξ ≥ 0 and π + ξ ≤ 1. The

revised probabilities as used by consumers and merchants are then given by

π′ = π + ξ.

Card issuers now seek to maximize their total profits by optimally choosing

their strategies. The way this optimization is conducted by card issuers is

discussed in the coming section.

3 Set-up of the computer experiments

The above model is implemented computationally and the optimization of

the strategies chosen by card issuers conducting using machine learning tech-

niques.
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3.1 The optimization procedure of card issuers

Card issuers determine their optimal strategies using a Generalized Probability-

based Incremental Learning algorithm (GPBIL). This algorithm divides the

domain of a variable x, [a; b], into n sub-domains a ≤ a1 < a2 < · · · < an−1 <

an ≤ b. We can now define subintervals as
[
a; a1+a2

2

)
,
[

a1+a2

2
; a2+a3

2

)
, . . . ,

[ai−1+ai

2
; ai+ai+1

2

)
, . . .

[
an−1+an

2
; b

]
.

Each subinterval is equally likely to be selected, i. e. with probability 1
n
. The

algorithm changes the location of the parameters ai such that the subintervals

with the best performance are selected with a higher likelihood. This learning

is achieved through a positive and a negative feedback mechanism. Suppose

we have a value of x ∈ [a; b]; we can then determine the value of ai which is

closest to x, denoted aj. If the outcome associated with x is positive we then

determine the updated âi as follows:

âi = ai + ζh(i, j)(x− ai), (11)

where ζ denotes the learning rate and

hδ(i, j) =

{
1 if |i− j| ≤ δ
0 if |i− j| > δ

(12)

denotes the neighborhood in which learning occurs. This ensures that values

close to x get chosen more frequently. In the case of a negative outcome we

want values on either side of x to be chosen less frequently and therefore use

the following rule on updating the values of ai:
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Description Symbol Value range

Consumer fixed fee Fp [0; 10]
Merchant fixed fee Γp [0; 10]
Net benefits of consumers bp [−1; 1]
Net benefits of merchants βp [−1; 1]
Publicity costs lp [0; 20]
Number of subintervals n 5
Learning rate ζ 0.1
Kernel size for positive outcomes δ 2
Kernel size for negative outcomes δ′ 1

Table 1: Domains of the strategy variables

âi =

{
ai + ζhδ′(i, j)(ai−δ′ − ai) if ai ≤ x
ai + ζhδ′(i, j)(ai+δ′ − ai) if ai > x

. (13)

If ai−δ or ai+δ are not defined we set them as a and b, respectively. In our

model a positive outcome is achieved if the market share of the payment

card as determined by the number of transactions using the payment card is

higher than the average market share, i. e. 1
NP

; otherwise it is regarded as a

negative outcome.

The domain of the strategy variables as well as the parameters of the learning

algorithm are shown in table 1.

3.2 Parameter constellations investigated

The model is characterized by a large number of free parameters which need

to be exogenously fixed in the experiments. Table 2 provides an overview

of the values chosen for further analysis. An analysis of a wide range of pa-

rameter constellations has shown the results to be not very sensitive to these

values and we can thus treat them as qualitatively representative examples
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for the remainder of the analysis.

It might be noted that the inertia resulting from net benefits, ε, is relatively

small compared to the fixed fee. We can justify this choice by pointing out

that consumers and merchants will in many cases not be aware of the size of

these benefits because they are not commonly recognized, e. g. small charges

for overseas usage is hidden in a less favorable exchange rate. Empirical

evidence also suggest that such hidden charges and benefits are much less

relevant than fees directly charged to the customer.

4 Outcomes of the computer experiments

Using the model of the payment card market as developed in the previous sec-

tions, we can now continue to analyze the resulting properties of the market.

Before evaluating the optimal strategies chosen by payment card issuers, we

will assess the resulting demand function for the payment cards by consumers

as well as merchants.

4.1 Demand for payment cards

We evaluate the demand for payment cards by assigning each card a random

strategy as detailed in table 3. Using these fixed strategies we conduct a

single computer experiment from which we estimate the demand function at

the end of the experiment; it has to be noted that the results from this single

experiment is representative and was confirmed for other random strategies.6

6It has also been confirmed that the demand for payment card had stabilized consid-
erable time before the end of the experiment.
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Estimates of the demand for payment cards held by consumers NMp , mer-

chants NCp and the number of transactions NTp as well as the profits made

by the card issuers, Φp, are given as follows:

ln NCp = 6.433− 0.156Fp,

ln NMp = 4.339− 0.088Fp − 0.0222Γp,

ln NTp = 10.837− 0.208Fp − 0.244Γp,

ln Φp = 16.769 + 0.054Fp − 0.091βp.

We only show those strategy variables which were found to have a significant

impact on the demand or profits. The equations presented above provide a

nearly perfect fit of the data and the coefficients are highly significant. It

is interesting to note that the demand is not affected by the net benefits

consumers and merchants receive from each transaction; instead the demand

is entirely driven by the fixed fees. We also observe a feature of two-sided

markets as the demand by merchants depends on both the consumer and

merchant fixed fee, where the consumer fixed fee is much more relevant than

the merchant fixed fee. The reason for this outcome can be found in the im-

portance of consumer demand and usage for the subscription of merchants.

For the transaction demand we observe that both fees are of similar impor-

tance.

Interestingly, the profits made by card issuers only depend on the consumers

fixed fee and the net benefits given to merchants; the increased revenue

of a potential fixed fee to merchants is offset by a reduced usage resulting

in its insignificance for the outcome. It has also to be noted that while
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these outcomes are statistically significant, their economic impact is relatively

small, e. g. by increasing the fixed fee for consumers from zero to 10 (the

maximum value), the profits would only increase by about 3% and an increase

of the net benefits to the merchant from -1 to 1 would decrease the profits

only by about 1%. Thus the sensitivity of the profits to these strategies is

very low. The demand itself reacts more sensitive with changes of up to 20%.

A final observation is that despite 9 cards being present in the market, the

fraction of cash transactions remains high at 46.6%, implying frequent mis-

matches between the cards subscribed to by consumers and merchants.

Having investigated the demand function for payment cards we can now

proceed to evaluate the optimal payment card strategies.

4.2 Optimal payment card strategies

With the total profits of the payment card issuers as the objective function

the above results on demand and profits would imply that an optimized

strategy should consist of a high fee to consumers and negative net benefits

to merchants. At the same time the intermediate assessment of strategies via

their market share in the determination of positive and negative outcomes

in the learning algorithm would put a limit on the size of the fixed fee to

consumers as well as imply a low fixed fee to merchants.

The results of the optimization using the the GPBIL algorithm described in

the previous section are presented in table 4. They confirm the assertions

made fully. We furthermore observe that the market share of all nine payment

cards are approximately equal, providing evidence for the effectiveness of the
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learning algorithm.

The negative net benefits to consumers and merchants would make the pay-

ment cards less attractive to prospective subscribers and make existing sub-

scribers more likely to cancel their subscription while only having a limited

influence on the profits of the issuer. This negative effect is, however, offset

by the relatively high marketing effort the issuers make; essentially the rev-

enue generated by the negative net benefits is used for marketing purposes.

Hence the negative impact on the payment card switching behavior by apply-

ing negative net benefits is offset by marketing activities. We also observe a

weak positive relationship between the size of the fixed fee to consumers and

the marketing costs, providing further evidence for an offsetting relationship

between these costs charged to users and marketing efforts.

The high marketing costs by card issuers provide a good example how market

participants can get locked into certain strategies by competitive pressures,

although they are not beneficial to them and even detrimental to other mar-

ket participants. Once a card issuer decides to increase its marketing effort,

his competitors will have to follow to avoid loosing market share. To off-

set the incurred costs those fees to which market participants react least

sensitively are likely to increased, which in our case are the net benefits to

consumers and merchants.

We have also compared the performance of the optimized strategies in a mar-

ket populated with otherwise random strategies and find that the optimized

strategies achieve a significantly higher market share and also outperform

the random strategies in term of profits generated. This results provides ev-

idence that the optimization of the strategies has indeed produced strategies
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that are performing superior to randomly generated strategies.

5 Conclusions

We have developed an artificial payment card market in which consumers

and merchants are interacting with each other through payments made for

purchases. Based on the usage and acceptance of payment cards, merchants

and consumers continuously review their subscription to payment cards and

card issuers seek to maximize their profits by setting optimal fees and mar-

keting efforts. Evaluating such a model we were able to derive the demand

function for payment cards as well as the profit function of card issuers, ob-

serving that most importantly the fixed fees charged by the card issuers drive

demand and profits.

The optimized strategies of payment card issuers are characterized by a rel-

ative high fixed fee to consumers, no fixed fee to merchants as well as large

negative net benefits (i. e. a transaction fee) to consumers and merchants

alike and high marketing costs. Such a fee structure with high fixed and trans-

action fees to consumers can be observed in many markets where substantial

annual fees are charged along transaction fees in the form of higher-than-

usual interest on purchases or fees on the use of payment cards overseas.

Similarly merchants pay a considerable fee for each transaction while not

being charged a fixed fee. These characteristics are replicated in our model,

along with the high marketing costs card issuers often face.

For the first time in the literature we have been able to reproduce realistic

properties of the payment card market with our model. While our model can
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be extended in a wide range of manners, e. g. by using different numbers of

competitors, different physical locations of merchants and consumers to name

only two possibilities, it provides a first foundation for the analysis of this

market which does not limit itself to the interchange fee between different

card issuers as commonly done in the literature.
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