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Abstract

This paper develops a two-sided model of the payment card market, incorporating elastic consumer
demand, merchant and network market power, ad valorem interchange fees, cardholder rewards, and
cash as an alternative payment method. Building on principles from public finance, we introduce the
concept of a credit card tax—an endogenous wedge between consumer and merchant prices deter-
mined by three key factors: (i) interchange fees, (ii) rewards and (iii) the rate of credit card adoption.
We analyze how this tax influences equilibrium prices, platform profits, and social welfare. Our
results yield an unexpected and policy-relevant finding: contrary to conventional wisdom, capping
interchange fees can increase equilibrium rewards when consumer demand elasticity is relatively
low. This regulatory intervention can improve consumer welfare for all buyers, including cash users.
Even in cases where rewards decline, the net consumer benefit may remain positive. Furthermore,
we establish conditions under which interchange fee caps enhance allocative efficiency and promote
desirable payment choice. The analysis provides novel theoretical insights for the regulation of two-
sided payment markets.
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1 Introduction

This paper examines the equilibrium level of the wholesale price, the interchange fee, set by payment card
networks. This fee fundamentally influences the distribution of acceptance costs and benefits between
merchants and consumers. In the United States, these fees typically range between 2% and 3% of the
transaction value.! Interchange fees have been the subject of intense debate for half a century, particularly

since payment cards became the dominant method of payment at the point-of-sale in the 1970s.

On one side of this debate, merchants contend that interchange fees are excessively high, eroding
their profit margins and compelling them to pass these costs on to consumers through higher retail prices.?
This perception has spurred regulatory interventions. In the United States, the Durbin Amendment to the
Dodd-Frank Act capped debit card interchange fees for large issuers, mandating that they be “reasonable
and proportional” to processing costs.> More recently, the proposed Credit Card Competition Act of 2023
aims to increase network competition for credit cards, which could exert downward pressure on fees.*
Internationally, jurisdictions like the European Union,> Australia, and Canada have implemented similar

measures, including direct fee caps, to address perceived anti-competitive elements in retail payment

systems.

Conversely, card networks and issuing banks argue that such regulations may undermine the eco-
nomic ecosystem that funds consumer benefits, most notably credit card rewards programs.® These
rewards, which average approximately 1.45% of transaction value according to Wang (2023),” are typi-
cally structured to incentivize greater card usage. The core tension, therefore, lies in balancing the goal
of reducing costs for merchants against the risk of diminishing the rewards and associated benefits for

consumers.

Complicating the analysis is that payment markets represent a classic example of a two-sided plat-

form, where a network intermediates between cardholders and merchants. In such markets, pricing de-

'Interchange fees account for most of the merchant discount (on average about 2.25%, according to Wang (2023)) paid by
merchants to their acquiring banks for processing card transactions.

2See, for example, the recent settlement: thehill.com/business/4556451. ...

3For regulatory details, see: Federal Register (2023).

“See 5.1838 - Credit Card Competition Act of 2023.

5 Regulation (EU) 2015/751. Available at: EUR-Lex.

The industry’s stance is captured in campaigns such as “Congress: Hands off my rewards!” (Electronic Payments Coali-
tion, 2022).

For a discussion on the potential impact on rewards, see: American Banker (2023).


https://thehill.com/business/4556451-visa-mastercard-to-lower-swipe-fees-in-merchant-antitrust-suit-settlement/
https://www.federalregister.gov/documents/2023/11/14/2023-24034/debit-card-interchange-fees-and-routing
https://www.congress.gov/bill/118th-congress/senate-bill/1838/text
https://www.legislation.gov.uk/eur/2015/751/body
https://www.americanbanker.com/opinion/death-by-a-thousand-caps-state-laws-could-kill-credit-card-rewards

cisions affecting one side (e.g., cardholder fees or rewards) critically influence participation and pricing
decisions on the other side (e.g., merchant acceptance and retail prices). This interdependence is central

to understanding the role and consequences of interchange fees.

To address this complexity, we develop a comprehensive model of a two-sided payment card mar-
ket. Our model endogenizes key features including the interchange fee, cardholder rewards, merchant
pricing and the choice of payment instrument (card versus cash). We consider a setting with a monopoly
payment network and, to the best of our knowledge, provide the first analysis that jointly incorporates
the following realistic elements—each extensively discussed in the subsequent literature review: (i) elas-
tic consumer demand for goods, (ii) merchants possessing market power, (iii) ad valorem (percentage-
based) interchange fees and rewards and (iv) the presence of cash as an alternative payment method,
which constrains the market power of the card network. This framework enables a rigorous assessment
of interchange fee cap regulations. By incorporating more realistic assumptions about market structure
and agent behavior, the model yields predictions that align more closely with observed market outcomes

than prior, more stylized analyses.

We analyze several questions, with a central focus on three core issues: how interchange fees in-
fluence the distribution of costs between merchants and consumers, how networks strategically adjust
rewards when fees are capped and whether such caps improve welfare by reducing market inefficiencies
and improving payment choices. Alongside these, we also explore related topics such as the impact
of merchant and network market power and the conditions under which card users may be effectively

subsidized.

We parameterize the retail sector along three dimensions: the (constant) elasticity of demand (k),
the number of firms (n), and the conjectural variation () that retailers use when forming expectations
about their competitors’ responses to quantity decisions.® The number of retailers () and the conjectural
variation () jointly determine the conduct parameter (y) that characterizes the intensity of competition
in the final goods market. This setup allows us to analyze how consumer preferences, captured by the
demand elasticity and the degree of differentiation between cash and credit (which affects the network’s
market power), interact with merchant market power to endogenously determine retail prices, interchange

fees and the consumer response to rewards. These outcomes, in turn, affect aggregate consumer demand

8As an extension (Section 6.4), and to capture the effect of non-constant elasticity, we also analyze a linear demand
specification. Relative to the constant elasticity case, this introduces an additional effect: the elasticity effect, whereby aggregate
consumption influences the elasticity and, consequently, the price.



and feed back into retail pricing.

The model establishes an equilibrium in which aggregate demand and merchant profits are shaped by
what we term “credit card taxes”—a central conceptual contribution of this paper. We emphasize that we
do not use this terminology in a normative sense, as if such taxes were inherently undesirable. Rather, our
intent is to highlight the close analytical parallel between the economic mechanisms identified here and
those found in the theoretical literature on taxation. These “taxes” introduce a wedge between the price
paid by consumers, which differs depending on whether they use cash or credit, and the price received
by merchants for each unit of the final good. This wedge reflects the network’s revenue per dollar of

transaction and embodies the distributional consequences of the payment card system.

The magnitude of these credit card taxes is positively associated with interchange fees and the rate of
credit card adoption by consumers, yet negatively associated with the generosity of cardholder rewards.
These taxes form endogenously through the linkage of product markets with card network pricing and

reward structures—a significant interaction that most of the existing literature has failed to address.

Our analysis of a regulatory cap on interchange fees begins by examining payment network’s strate-
gic setting of cardholder rewards. This focus is critical due to the dual impact of rewards. First, they
directly affect the effective price credit card users pay. Second, they indirectly influence market equilib-
rium by driving credit card adoption: higher reward implies a higher fraction of consumers who choose
to use the credit card. Under the common no surcharging rule, higher adoption increases the proportion
of sales subject to the merchant fee, thereby raising the merchants’ average cost of a transaction. This

elevated cost is ultimately passed through to all consumers in the form of higher retail prices.

We find that the regulation’s impact on equilibrium rewards is dictated by demand elasticity. While an
interchange fee cap regulation unambiguously reduces the profitability of the payment network, its strate-
gic response is less straightforward. Whether the network increases or decreases equilibrium rewards
depends on the nature of the relationship between interchange fees and rewards in its profit function—
specifically, whether they are substitutes or complements. In the substitutable case, a mandated (modest)
reduction in the interchange fee raises the marginal profitability of offering rewards. Conversely, when

the two are complementary, the same reduction lowers the marginal profitability of rewards.

This classification is shaped by the elasticity of product demand. When demand elasticity is relatively

low, the reduction in the interchange fee does not significantly stimulate aggregate consumption. Under



such conditions, the network finds it profitable to increase rewards, partially offsetting lost revenue by
encouraging additional spending, which occurs both through increased purchases by existing cardholders
and by enticing cash users to adopt credit. By contrast, when demand elasticity is relatively high, the
regulation leads to a substantial increase in consumption, enabling the network to recoup some of its lost

revenue by reducing rewards while still benefiting from the resulting growth in transaction volume.

In policy discussions surrounding interchange fees for credit cards, it is often taken as axiomatic
that a reduction in interchange fees leads to a reduction in consumer rewards. This implication is also
embedded in most theoretical models, where the structure of the model either mechanically links lower
interchange fees to lower rewards, or key forces are absent, e.g., an endogenous credit card adoption
by consumers, as we further discuss in the Literature Review Section. However, our analysis reveals a
novel result: this relationship holds only when demand is relatively elastic. Under less elastic demand,
a reduction in interchange fees can, in fact, lead to an increase in rewards, challenging the conventional
wisdom and offering new insights into the welfare implications of fee regulation.” Importantly, this result

is not an artifact of assuming a constant elasticity demand; it holds under linear demand as well.

Next, we examine how the regulation affects the taxes paid by consumers, beginning with cash users.
Two forces are at play, which may either offset each other or move in the same direction. On the one hand,
lower interchange fees exert a direct downward effect on the tax. On the other hand, there may be an
indirect upward effect if credit card adoption rises, which can occur when product demand is relatively
inelastic. In that case, as discussed earlier, equilibrium rewards increase, potentially intensifying the
cross subsidy embedded in retail prices. The net effect depends critically on the demand structure.
Under constant elasticity demand, the direct effect dominates, so the tax unambiguously falls. Under
linear demand, however, the indirect channel outweighs the direct one, if and only if demand elasticity
is relatively low, leading to a higher tax for cash users. In contrast, when product demand is relatively
elastic, both forces work in the same direction: equilibrium rewards and card adoption both decline,
reducing the cross subsidy and leading to a clear reduction in the tax paid by cash users. Although
equilibrium rewards do not enter the cash user tax directly, they influence it indirectly through their

impact on card adoption.

There is some empirical evidence that interchange fee caps do not uniformly reduce credit card rewards. While the Reserve
Bank of Australia’s reforms were expected to diminish the generosity of rewards programs, banks responded in varied ways.
Some introduced new premium cards with higher interchange fees to support more generous rewards, while others enhanced
rewards on existing products—particularly through the addition of American Express companion cards, which increased reward
rates without raising annual fees (Chan et al. (2012)).



The tax paid by credit card users—over and above the interchange fee and the cost of card adoption—
also depends on the reward. Our analysis shows that credit card users consistently experience a reduction
in this tax following a regulatory cap. This result holds under both the constant elasticity and linear
demand specifications we consider. When equilibrium rewards rise, cardholders gain directly. Even
when rewards fall, credit card users still enjoy a net benefit: the positive effects of a lower merchant fee

and reduced card adoption outweigh the negative impact of the lower reward.

What really matters for consumer welfare is the price consumers pay. This price is jointly determined
by the taxes and the merchant’s pricing decision. Under constant elasticity demand or perfect competi-
tion, the merchant price does not change in response to the regulation; consequently, any reduction in
the tax is fully passed through to consumers in the form of a lower price. These assumptions—constant
elasticity demand or perfect competition—therefore serve as useful benchmarks. They not only simplify

the analysis, but also allow us to isolate and understand the various effects one at a time.

When we allow for linear demand and imperfect competition, an additional force emerges: the elas-
ticity effect. This introduces imperfect pass-through, meaning that changes in taxes are not fully trans-
mitted to consumer prices. As a result, the interaction between market power, pricing behavior and tax
incidence becomes more nuanced than in the benchmark cases. Under a cap regulation that successfully
lowers the tax, merchants respond by increasing prices. In some cases, this leads to cash users facing

higher prices, while credit card users always benefit by paying a lower price.

As discussed, a primary argument advanced by banks against interchange fee regulation is that it
would reduce credit card rewards, thereby harming cardholders. However, our analysis reveals a more
nuanced reality. First, such caps can, in some cases, lead to an increase in equilibrium rewards. Second,
this very increase can indirectly harm cash users. Finally, and perhaps most critically, even when rewards
decrease, the combined effects of the regulation, including lower merchant fees and lower credit card

adoption, can result in a net benefit for all consumers.

Under constant elasticity demand, a cap on interchange fees also benefits merchants, except in the
limiting case of perfect competition in the product market (where merchant profits are zero). This is be-
cause the regulation lowers the equilibrium taxes, and given that the price merchants receive is unaffected
by the taxes (due to the constant elasticity demand specification), aggregate consumption increases and

hence merchant profits. Consequently, the regulation redistributes surplus from the payment network to



both consumers and merchants. In contrast, under a linear demand specification with perfect competition
among merchants and relatively low demand elasticity, the surplus transfer originates from the payment
network and cash users, flowing exclusively to cardholders. When demand elasticity is relatively high,
the redistribution of surplus aligns with that under the constant elasticity demand. Under a linear demand
and imperfect competition, the regulation redistributes surplus away from the network, and sometimes

cash users, towards credit card users and merchants.

This work identifies the key economic forces triggered by an interchange fee cap and evaluates their
relative strength under two tractable demand systems: constant elasticity and linear. It is important to
note that the precise balance of these forces may change under a different demand specification. Despite
this, the analysis reveals a crucial insight arising from the positive relationship between rewards and
credit card adoption: the regulation can benefit both consumer groups and it is much less likely to harm
both. If credit card users are made worse off, such as when rewards decrease significantly, the resulting
market conditions would benefit cash users. Conversely, in scenarios where cash users are worse off,

typically when rewards increase, credit card users are better off.

Our model also identifies three key sources of social inefficiency in the credit card payment system:
network market power, merchant market power and reward-induced distortions in consumer payment
choices. These factors can lead to excessive credit card usage and suboptimal consumption levels. We
show that an interchange fee cap can mitigate both inefficiencies when demand elasticity falls within an
intermediate range. In this case, the regulation reduces the implicit taxes paid by both cash and credit
card users, improves consumption efficiency, and curbs overuse of credit, thereby enhancing overall

social welfare.

Schuh et al. (2010) attempt to quantify the size and distributional consequences of implicit monetary
transfer to credit card users from non-card, or cash, users that result from interchange fees and card
rewards. They show that, on average, each cash-using household pays $149 to card-using households,
and each card-using household receives $1,133 from cash users every year. Their calculations suggest
this is a regressive transfer from low-income to high-income households. Using more recent data Felt
et al. (2023) estimate that the lowest income cohorts in the U.S. (Canada) are paying 20 (60) basis points,

respectively, more than the highest income cohorts in order to conduct their purchases.!”

10The calculations in those papers are derived using varying assumptions about the extent of pass through of card acceptance
costs to consumers. Pass through is not formally modeled or estimated.



While our model does not explicitly incorporate income heterogeneity, the resulting equilibrium
reflects a similar dynamic: cash users effectively face a higher implicit tax than credit card users due to

the rewards associated with credit card transactions.

However, the term subsidy is often used imprecisely in the literature. Within our framework, depend-
ing on the elasticity of demand, the equilibrium reward may be sufficiently large that credit card users
pay a price lower than the amount received by merchants—effectively transforming their tax burden into
a subsidy. In some cases, credit card users may even pay a price below marginal cost, leading to socially
inefficient outcomes. Our analysis clarifies the conditions under which credit card users are genuinely

subsidized, rather than simply benefiting from a lower effective tax than cash users.!!

Our analysis predicts how merchant market power influences equilibrium taxes and merchant profits.
Under a constant elasticity demand, as the product market becomes more competitive, the equilibrium tax
for credit card users decreases. For cash users, the equilibrium tax decreases if only if the product demand
elasticity is sufficiently low. Aggregate merchant profits exhibit an inverse U-shape relative to merchant
market power. Interestingly, there is a region where increased competition among merchants leads to
higher equilibrium profits. This occurs because the network, which competes with cash, reduces the tax
for credit card users as product market competition intensifies, thereby encouraging higher consumption

levels.

Under linear demand, however, competition has the opposite effect on equilibrium taxes. This is due
to the elasticity effect, which makes the network more reluctant to reduce taxes as the product market

becomes more competitive.

We also derive predictions regarding how consumer preferences for credit versus cash as payment
instruments influence equilibrium fees, rewards, and taxes. As the two payment methods become closer
substitutes, reducing the network’s market power, the effective tax paid by credit card users increases,
primarily due to diminished rewards. The tax burden on cash users declines, but only when product
demand is relatively elastic; otherwise it rises because interchange fees rise. As anticipated, equilibrium

network profits decrease, but merchant profits also decline.

Y An important qualification to the distributional implications discussed in Schuh et al. (2010) and Felt et al. (2023) is the
omission of a potential relationship, both in existence and direction, between interchange fees and credit supply or pricing.
While our paper does not examine this possibility directly, it is addressed in other work, which we summarize in the following
section.



The remainder of the paper is organized as follows. Section 2 provides a concise review of the rele-
vant literature. Section 3 introduces the core structure of the model and Section 4 presents the equilibrium
analysis. Section 5 investigates the socially efficient outcome and evaluates the effects of imposing a cap
on interchange fees. In Section 6, we consider four extensions: (i) the implications of differential bene-
fits or costs between cash and credit transactions for consumers, showing that higher benefits associated
with credit (relative to cash) lower the network’s equilibrium profit; (ii) the impact of prohibiting re-
wards, demonstrating that banning rewards can make cash users worse off (depending on the demand
elasticity); (iii) the consequences of costly cash usage, where an illustrative numerical example shows
that if cash entails a transaction cost, the introduction of credit can lower the effective “tax” for the ma-
jority of consumers (i.e., credit card users); and (iv) linear demand in the product market, to assess the

impact of a non constant elasticity. Finally, Section 7 concludes.

2 Literature review

Over the last three decades, an extensive theoretical literature on two-sided markets has emerged and
many of those papers examine the implications for payment systems; see Rochet and Tirole (2006),
Rysman (2009) and Jullien, Pavan, and Rysman (2021) for reviews of this literature. Our purpose here

is simply to sketch the main findings related to our work and highlight our contributions.

Our modeling framework builds upon and extends the work of Wang (2010) and Shy and Wang
(2011), both of which adopt a constant elasticity demand specification with ad valorem interchange fees
and rewards. In particular, Wang (2010) assumes a perfectly competitive merchant sector and an exoge-
nously fixed distribution of cash and credit card users. Among other findings, his analysis concludes that
capping interchange fees reduces rewards (for demand elasticity greater than one—the case we focus

on), lowers retail prices, increases consumption, and thereby enhances consumer welfare.

Our analysis yields several important distinctions relative to Wang (2010). First, we show that a cap
can in some circumstances lead to an increase in rewards, but the equilibrium tax imposed on both cash
and credit card users declines (under a constant elasticity demand). This demonstrates that consumer
benefits from regulation can persist even in a more realistic setting characterized by merchant market
power and endogenous competition between payment instruments. However, we also establish that under

a linear demand specification, a cap can redistribute welfare negatively, potentially harming cash users.



By incorporating merchant market power, an endogenous rate of credit card adoption by consumers and
departing from constant elasticity demand, our framework generates several key theoretical predictions
and policy implications that either fall outside the scope of Wang (2010) or meaningfully diverge from

its conclusions.

Shy and Wang (2011) compare ‘proportional’ and ‘fixed’ transaction fees in a model where mer-
chants possess market power, but cash is not available as an alternative payment method. Our primary
innovation relative to Shy and Wang (2011) is the explicit inclusion of cash as an alternative payment
mode. In our framework, each consumer chooses their preferred payment method, allowing the network
to influence both the intensive and extensive margins of payment behavior. In the absence of cash, an
indeterminacy arises: the interchange fee and reward cannot be uniquely determined.'> Consequently,
without cash, meaningful comparative statics cannot be derived to analyze how product market competi-
tion and other key parameters affect the interchange fee and rewards separately. In particular, the impact
of interchange fee regulation cannot be assessed. Any cap imposed on the interchange fee becomes in-
effective, as the network can adjust rewards to offset the cap, thereby maintaining the effective tax and

thus prices and welfare, at their pre-regulation equilibrium levels.

A key feature of our framework is that regulation affects not only interchange fees and rewards, but
also the endogenous adoption of credit cards. This adoption margin subsequently shapes the effective
costs for both card and cash users. In the models of Wang (2010) and Shy and Wang (2011), where
the share of credit transactions is fixed, or where cash is not a viable alternative, this channel is absent.
When a payment network can influence not only the intensive margin of usage, but also the extensive
margin of adoption, it has stronger incentives to raise rewards. This is because the same increase in
rewards stimulates card transactions more substantially when it also expands the base of card users.
Consequently, in a model with a fixed adoption rate (Wang, 2010), or one that excludes cash (Shy and
Wang, 2011), as our analysis reveals, a fee cap regulation is less likely to increase equilibrium rewards

and thus less likely to generate outcomes that harm cash users.

Baxter (1983) developed the first formal model of interchange fees in a payment scheme. In that

2Wang (2010) resolves this indeterminacy by assuming that the network (or issuers collectively) faces a convex cost func-
tion for processing card payments, which uniquely determines the interchange fee and rewards, even though merchants accept-
ing cards do not serve cash-paying customers. The assumption of convex transaction processing costs for issuers, however, is
increasingly outdated. Advances in technology—such as cloud computing, automation, and scalable infrastructure—have signifi-
cantly reduced marginal costs. Today, issuers can process large volumes of transactions with minimal incremental cost, making
convex cost structures less plausible in practice.



paper, Baxter makes three key assumptions: i) issuers and acquirers make no profit (perfect competition),
ii) merchants do not use card acceptance strategically, i.e., to attract consumers from rival merchants
who do not accept a card and iii) there is no merchant heterogeneity in the benefit of accepting cards.
Schmalensee (2002) develops a model that explores the double marginalization problem that emerges
when networks set an interchange fee that is paid to card issuers and the acquiring bank for the merchant

separately sets a merchant discount for processing transactions.

In Rochet and Tirole (2002), the consumers receive a different benefit from transacting using cards
rather than paying cash. There is a single payment network that sets an interchange fee, but it is not ad
valorem. The retail market is a Hotelling model, but consumers face the choice of purchasing a fixed
quantity of their preferred good. Rochet and Tirole (2011) develop a similar model, but here there is
competition between networks modeled using the Hotelling framework. Wright (2004) uses a model
similar to Rochet and Tirole (2002) and relaxes all three assumptions of Baxter (1983). Bedre-Defolie

and Calvano (2013) show that networks over subsidize card usage and overtax merchants.

Wang and Wright (2017, 2018) assume Bertrand competition among sellers in a market with many
different goods that vary widely in their costs and values. The authors show that ad valorem fees and
taxes represent an efficient form of price discrimination relative to uniform fees that disadvantage low-
cost, low-value goods. Wang (2023) develops a structural empirical approach to a two-sided market
of payments. He finds that interchange fee caps increase welfare by reducing rewards, retail prices,
and credit card use. Overall consumer welfare increases because low-income consumers, who rely less
on credit, pay lower prices, but high-income consumers get hurt because their rewards decrease. In
our model, while there is no income heterogeneity, we predict that any reduction in rewards will not

completely offset the interchange fee reduction due to a cap.

Edelman and Wright (2015) shows that an intermediary always chooses to impose price coherence
if it has the ability to do so. In the context of payments this is the equivalent of the “no surcharge” rule
that precludes merchants from charging customers a different price based on how they choose to pay. An

important qualification is that the fees examined in that paper are not ad valorem.

The prevailing methodology in most of the above papers includes one or more of the following
assumptions: (1) consumer demand is inelastic, (2) fees are specific rather than ad valorem, (3) Bertrand

competition is assumed in the product market, (4) cash transactions are not allowed, or fraction of credit

10



card users is exogenous, and (5) the benefits and costs experienced by both merchants and consumers
due to card usage are independent of each other and of the product price, implying that interchange
fees and rewards do not affect retail prices. While these simplifications facilitate analysis, they diverge
significantly from real-world observations. Our study aims to bridge this gap by offering a model that

encompasses many realistic features of the credit card market.

Nevertheless, and in order to provide a tractable framework for analyzing our core mechanisms, we
adopt the following two assumptions. First, we assume perfect competition among banks (Wang, 2010;
Shy and Wang, 2011), which isolates the role of the card network’s fee structure from effects of banking
market power. Second, we model a mature market (Wang, 2010) where all merchants accept cards,
allowing us to examine the endogenous outcomes, such as consumer payment choice and retail price

adjustments, that follow widespread adoption, rather than the adoption decision itself.

The available empirical research on the effects of payment card regulation documents that reductions
in credit card interchange fees are generally passed on to merchants and that generosity of rewards falls,
but there is also evidence to the contrary (Chan et al. (2012) for the example of Australia). The evidence
of a pass through of merchant cost savings into the prices consumers pay is mixed. For the U.S., this
research has focused on the effects of the caps on interchange fees charged by large debit card issuers
implemented by Reg ii. Mukharlyamov and Sarin (forthcoming) explore whether gasoline prices fell in
geographies where gasoline retailers were relatively more exposed to reductions in debit interchange.
They could not quantify a measurable effect. One aspect of of the Reg ii cap was that interchange fees
actually rose for small ticket purchases. Wang et al. (2014) report the result of a survey of merchants
which showed a higher proportion of merchants experienced an increase in debit acceptance costs as
opposed to a decrease and were more likely to increase prices than reduce them.!3 More general surveys
of the pass through of cost or tax changes in different markets find intermediate values of pass through

(see the Appendix to Evans and Mateus (2011)).

Although not explicitly modeled in this paper, it is plausible that interchange fees and rewards are
influenced by the incentives merchants and lenders face in extending credit to consumers. For instance,
Chakravorti and To (2007) demonstrate that retailers are willing to accept higher merchant discounts

when the proportion of illiquid consumers rises. Similarly, Chatterjee et al. (2025) develops a general

131t should be noted that the modal experience reported by merchants was no change in debit acceptance costs and no change
in the prices they charged.

11



equilibrium framework in which interchange fees and rewards contribute to expanding credit limits and

lowering interest rates.

In our model there are two means by which the consumers incur costs for payment services—either
embedded in retail prices or fees (i.e. negative rewards). In practice there are other costs consumers
may incur. For example, one apparent consequence of the introduction of interchange fee caps for debit
card transactions in the U.S. was an increase in fees charged on checking accounts and a reduction in
the availability of free checking (Manuszak and Wozniak (2017), Kay et al. (2018), Mukharlyamov and

Sarin (forthcoming)).

3 Structure of the market

We consider an industry consisting of n firms (merchants), 7 = 1, ..., n, producing a single homogeneous
product. The output of firm j is denoted by x; and the industry output by X = Z?:l xj;. All the
merchants have the same cost structure C'(z) = cz, where ¢ > 0 is a constant marginal cost. The
consumer price is given by an inverse demand function P(X'), with derivative Px (X) < 0 and elasticity

€= % < 0. Consumers, when purchasing goods, can use either cash or a credit card.

Network
InterM w:nge
Acquirers Issuers
Merchant discount Rewards
Merchants Goods purchases Consumers

Figure 1: Payment flows in the Network

Payment systems operate on a two-sided model: each time a credit card is used, the merchant incurs

a fee, while the consumer may benefit from a reward. We assume that there exists a monopoly payment

12



network denoted by A/, with N4 < n acquiring banks and N; < n issuing banks.'* Banks are homo-
geneous and compete a la Bertrand for merchants and cardholders. In Figure 1, we present the payment
flows in the network. Each acquiring bank « chooses its merchant discount m® to attract merchants
and each issuing bank ¢ chooses the reward R* € [r, 1] to attract users/consumers and to influence the
value of consumer transactions. If R* < 0, then the reward becomes a fee. The network chooses the
interchange fee, i € [0, 1], which becomes each acquirer’s marginal cost. Part of 7, denoted by r, goes to
the issuing banks to fund the rewards and the rest is kept by the network."> For simplicity, all other fees

and costs to process a transaction are assumed to be zero. !0

The reward for the credit card is a percentage of the value of the transaction that a consumer who
uses the credit card receives as cashback from the issuing bank. The acquiring bank charges a merchant
discount fee, which is a percentage of the value of the transaction that is paid by the merchant to the
acquiring bank when a consumer uses the credit card. We assume that the network cannot price discrim-
inate across banks, i.e., all acquirers pay the same interchange fee to the network and all issuers receive

the same fraction of the interchange fee from the network.

Consumers exhibit horizontal preferences between cash and credit, as discussed further in Section
4.4, Network fees and rewards affect the value of transactions within the payment network and can incen-
tivize switching between the two payment modes. We assume that merchants do not impose surcharges,
meaning they cannot differentiate prices based on the payment method.!” Furthermore, we consider
a mature card market in which the extensive margin of card adoption is largely saturated (e.g., Wang

(2010)). As a result, all merchants are assumed to accept both cash and credit.
We analyze a five-stage game with simultaneous and independent moves in each stage. The timing

1s as follows.

» Stage 1: The payment network sets the interchange fee ¢ and determines the portion 7 of the fee

that is passed to each issuing bank.

14 American Express operates as a closed-loop network, directly setting both merchant fees and consumer rewards. In con-
trast, open-loop networks such as Visa and MasterCard influence merchant and consumer pricing indirectly through adjustments
to interchange and network fees. Our modeling framework aligns with the structure and pricing mechanisms of these open-loop
networks.

SEquivalently, the issuing banks receive the interchange fee and pay the network a network fee f, so that r =i — f.

18See Section 6.3 for an illustration of the implications of a non-zero cost to merchants of accepting cash.

7Foster et al. (2024) find that surcharging remains relatively uncommon.
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» Stage 2: Each acquiring bank sets its merchant discount m® and each issuing bank sets its reward

R

* Stage 3: Each merchant chooses its output level x;, anticipating the share of consumers who will

use credit cards.

» Stage 4: Each consumer observes the rewards and the equilibrium retail price, then decides whether

to use a credit card or cash.

» Stage 5: Consumers make purchases.

We solve for a subgame-perfect Nash equilibrium in pure strategies.

4 Equilibrium analysis

Although we solve the game by backward induction, the equilibrium in stage 2 is straightforward. Since
acquiring and issuing banks compete & la Bertrand and are homogeneous, their equilibrium behavior is
uniquely determined by the zero profit condition, regardless of the subsequent choices of merchants and

consumers. We therefore present the stage 2 equilibrium first for expositional clarity.

4.1 Acquiring and issuing banks

Acquiring banks compete in merchant fees m®. The network interchange fee ¢ is each acquiring bank’s
marginal cost. Given that acquiring banks are homogeneous and compete for merchants a la Bertrand,
each acquiring bank sets the same merchant discount m® = 4, for all a. Acquiring banks earn zero

profits in equilibrium.

Issuing banks compete in rewards ‘. Each issuing bank receives from the network part of the
interchange fee < ¢. This is the maximum amount, per dollar of transactions, that each issuing bank
can give to users as a reward. (If » < 0, then the network fee f issuing banks pay to the network is
higher than the interchange fee they receive.) Given that issuing banks are homogeneous and compete a
la Bertrand for users, each issuing bank sets the same reward R* = r, for all ¢ (it will be a fee for credit

card users if » < 0). Issuing banks earn zero profits in equilibrium.
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Therefore, in the unique equilibrium, each merchant pays a merchant discount 7 and each consumer
receives a reward 7 per dollar of transaction with a credit card. The network fee, representing the per-

dollar profit earned by the network, is given by 7 — r.

4.2 Consumers

Consumers make two sequential decisions. First, each consumer selects a payment mode; subsequently,
they determine their level of consumption. The initial decision determines the fraction of consumers,
denoted by i, who choose to make purchases using a credit card. The determination of  is discussed in
detail in Section 4.4. Consumers who pay with cash face a price of P, whereas those who use a credit

card pay a discounted price of P - (1 —r) (if r > 0).!8

There are two goods in the model: a consumption good = and a numeraire good y, the price of which
is normalized to one. Each consumer’s preferences over these goods are represented by the quasi-linear

utility function
k(1) x)\/k

u k—1

+v,

where £ > 1. Consumers maximize their utility subject to a budget constraint, yielding a standard
constant elasticity demand function with elasticity ¢ = —k. The demand for good x by a cash-paying

consumer is given by z., = ﬁ, while the demand by a credit card user is z.. = m.

Aggregate demand is then

X = pxee + (1 — p)xep,

and the corresponding aggregate inverse demand function is

LN\ 1/ i 1/k
P(X,rpn) = <X> (M+1—u> . 4.1)

4.3 Merchant competition

All merchants accept cash and credit. Also, merchants form rational expectations about credit card

adoption p. We assume that each merchant j expects a fraction u of its sales to be paid with a credit

'8We use the symbol - to clearly denote multiplication, as in P - (1 — r), to distinguish it from a functional form such as
P(X), particularly when the distinction is not immediately clear from context.
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card, while a fraction 1 — y to be paid with cash, i.e., there is no expectation of a systematic sorting
of cash or credit users to certain merchants, which is a reasonable assumption given that merchants are
identical. Each merchant takes the rewards and the interchange fee as given and chooses its output x; to

maximize (average) profits given by

T = (,u : (1 - i)P(X,’I“, ,u) + (1 - M)P(Xa"">/l)>xj — CTj (4 2)
=1 —pi)P(X,r,p)x; — cxj,

where P(X,r, i), the price at the register, is given by (4.1).

In selecting its output each merchant j conjectures that other merchants’ responses will be such
that &% = ), the conjectural variation A being taken as a fixed constant throughout. The case A = 1
corresponds to the Cournot conjecture. When A = 0, conjectures are ‘competitive’ and we obtain the
Bertrand outcome. When A = n, each firm believes that all other active firms will behave exactly as it
does: tacit collusion among incumbent firms then being perfect (in the sense that aggregate profits are

maximized conditional on the number of firms). It will be assumed throughout that A € [0, n].!?

The first order condition of the representative merchant is (omitting arguments)

Om;

= (1 — pi) (PXdXxj + P) —c=0. (4.3)
8:6]‘

d.ij

Restricting attention to symmetric equilibria, this becomes

. v c
(1 —w)(PxXy+P)=c = P'(l'i‘g):m

c 1
P = 4.4

where v = % € [0,1).2° As v decreases, the merchant market becomes more competitive and price
approaches marginal cost c (adjusted by the 1— 7). From the merchant’s perspective, a lower interchange

fee has the same effect as a reduction in marginal cost and therefore the same effect on price.

Since in our case the elasticity of the slope of inverse demand, F = —%, is % < 2, the second

See Seade (1980), Bresnahan (1981) and Delipalla and Keen (1992) for similar modeling frameworks.

2Note that - is similar to the conduct parameter # in Weyl and Fabinger (2013) and Miklos-Thal and Shaffer (2021).
Following most of the literature, we assume that the conduct parameter is not a function of aggregate output. For cases where
the conduct parameter is a function of aggregate output, see Miklds-Thal and Shaffer (2021).
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order condition, which is 2—~FE > 0, is satisfied. The stability condition requires that 1+~ (1—E) > 0
(see, for example, Seade (1980) and Delipalla and Keen (1992)), which is also satisfied. From the first-
order condition (4.4), a non-negative price-cost margin implies that the elasticity must satisfy vy — k < 0,

which also holds.

From equation (4.4), it follows that the average price received by merchants, P™, is given by (1 —

wi)P. At this point, it is useful to introduce the expressions for the implicit tax consumers face. The tax

— 1-r

paid by credit card users is defined as z.. = T

implying that the price they pay is P = z..P™. For
cash users, the tax is z.;, = 1%;”,, resulting in a price of P = 2., P™. An increase in the interchange

fee 7, or in the share of credit card users u, raises the tax burden for all consumers. In contrast, a higher

reward r reduces the tax specifically for credit card users.

The price merchants receive in the presence of a credit card is the same as the price without a credit

card (i.e., using (4.4), P™ is not a function of z.. or z.p),

>c. 4.5)

Therefore, consumers ultimately bear the full burden of a tax or receive the entire benefit of a subsidy.
This outcome is a well known property of constant elasticity demand. It also implies that changes in
the taxes directly reflect changes in consumer welfare. Under alternative assumptions about demand,

however, a portion of the incidence of a credit card tax could fall on merchants.?!

Efficiency dictates that P = c. We can have P > c either because v > 0, or ¢ > 0, or both. The
first source of inefficiency arises when competition in the merchant market is imperfect. The second
source of inefficiency is due to the credit card tax levied by the payment network. Since ¢ > 0 (otherwise
network profit cannot be positive), there is the potential for double-marginalization: the first mark-up is
from the merchants when they have market power and the second mark-up is from the payment network

(that has market powelr).22

2ISee Weyl and Fabinger (2013) for a more general treatment of this point. The linear demand we consider in Section 6.4
implies an imperfect pass-through.
22 A more detailed discussion of the first-best outcome is provided in Section 5.1.
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4.4 Endogenizing credit card and cash user shares

We assume that credit and cash are ‘differentiated’. We model differentiation using the circular model of
Salop (1979).% In particular, on a unit circumference circle, the network is located at 0, cash is located
at % and users/consumers are uniformly distributed on the circumference with density one. We assume
that each consumer receives a fixed gross benefit V' > 0, pays a price °° when making purchases with
a credit card, a price P°" from making purchases with cash and incurs a linear per-unit of distance to
a payment method transportation cost ¢ > 0.2* The parameter ¢ captures the degree of differentiation
between credit and cash and hence is a measure of network market power: a higher ¢ implies higher

network market power. For tractability, we assume that V' is independent of the volume of transactions.

Thus, the consumer located at £ € [0, %] if she uses the credit card obtains a net utility V' — P — t£
and if she uses cash obtains a net utility V — P" — ¢ . (% — E). The fraction of consumers who use a
credit card is given by

1 pch _ pec 1 e (Zeh — 2ee)

p=5+

2 i 2" t-(1-7) (40

First, note that the second term of p in (4.6) is zero when r is zero, since 2., — Zee = 1%/” This
means rewards are the key to changing payment shares (the interchange fee ¢ also has an effect when
r # 0). Second, the importance of the transportation cost ¢ is relative to the cost of merchandise. Third,
the less competitive is the retail market, i.e., higher ~, the more sensitive is u to changes in ¢, all else

equal and for r # 0 and that is because product prices are higher.

4.5 Network’s decisions

Using (4.1) and (4.4) the equilibrium aggregate output, for any given interchange fee and reward, is

X = et (g = G (sl

AR - - )

(ck)*
( . 1—r 1 )
using zee. = - and z., = -
1— i 1— i
k=" (p 1-p
_ el 4.7
(ck)k 2k, * zk )7 @7

2See Jeon and Rey (2022) for a similar assumption regarding differentiation between two platforms.
2In Section 6.1, we allow the gross benefits of credit and cash to differ.
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where (i is given by (4.6).

The network’s profit equals the interchange fee minus the rewards paid to consumers (i.e., the margin
per dollar of credit card transactions, which is the network fee, f = ¢ — r), multiplied by the total value
of transactions made by consumers using a credit card. Formally, this is given by (i — ) Ppux.., where
P denotes the price paid by consumers at the register (see (4.4)). We assume that transaction processing

costs are zero.”> The network profit can therefore be expressed as follows

(i) ,
(i, ryp) = (1 — %) i m)mcc(z,r). 4.8)

Using the credit card taxes z.. = 11_;51 and z.p, we express (4.8) as an explicit function of these

=_1
- 1—pe’
taxes

TN (Zees Zens 1b) = ¢ ((Pzec _zl(l__w'sl)zdl) — 1>l‘cc(zcc)- 4.9)
k

Expressing the network’s profit in terms of the implicit taxes z.. and z., rather than the interchange
fee ¢ and reward r, simplifies the analysis by making the economic trade-offs more transparent. Although
w remains endogenous in both formulations, the tax representation directly captures the wedge between
consumer prices and merchant receipts, turning the profit function into an intuitive function of a weighted
average tax and credit card consumption. This clarifies how changes in these taxes affect the network’s
margin, consumer adoption and transaction volume without the added algebraic complexity introduced

by the interactions between 4, , and p.

The network profit function, after we substitute (4.6) into (4.9), is given by

k
E(552) ¢ (0 + % = 1)1 — e — 20n)?) k= 2zsmal) o
te(k—7)?

7TN(2007 Zch) = (410)

The network chooses z.. and z.; to maximize (4.10). For example, the network can increase z.j,
by increasing the interchange fee ¢ and it can keep z.. fixed by simultaneously increasing the reward r.
The weighted average tax, p1z.. + (1 — i) zep, affects network profits. Because z., > 1 (because i > 0)
the network can even subsidize credit card users by choosing z.. < 1 and still make positive profits

(zee + (1 — p)zep, > 1). Later in this section we show when this will happen in equilibrium.

»Including a constant marginal processing cost would not qualitatively affect our results.
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Using (4.9) and (4.6), let’s understand the complex trade-offs the network faces when it changes the
taxes for cash and credit card users. As a benchmark, observe that when there are no credit card users,
@ = 0, then z,; = 1 and the network profit is zero. First, we consider the trade-off with respect to the
tax for cash users. When z.; increases profits increase, holding p fixed. However, from (4.6), the share
of credit card users, p, also increases, which reduces profits per transaction assuming r > 0 (z¢p, > 2ce)s
which is confirmed in equilibrium. Since credit card users ‘cost’ the network relatively more than cash
users, due to the rewards, any increase in the share of credit at the expense of cash lowers profits per
transaction, all else equal. Finally, because z., = l%m" a higher y reinforces the increase in z.j. Second,
we consider the trade-off with respect to the tax for credit card users. When the network increases z.c,
profits increase while holding x and individual consumption x.. fixed. Additionally, u decreases, leading

to further profit increases per transaction as discussed above. However, individual consumption using a

credit card, x.., decreases, illustrating the usual tradeoff between margin and volume. Finally, a lower p

mitigates the increase in z.p, since zq. = 11__;;1-.
Lemma 1 The network profit function (4.10) is quasi-concave in z.. and z.y, if and only if t < iﬁfs , OF

equivalently t < 16 P™.

The condition in Lemma 1 ensures that the first-order conditions (with equality) are sufficient for
a maximum and also guarantees 2z}, > 0. If this condition is not met, the solution is at a corner and

becomes uninteresting. In the rest of the paper, we assume that this condition is always satisfied.

The network profit-maximizing taxes, which are the solutions to the system of first-order conditions
with equality, are given by

. (16c—t)k+~t . (16c+3t)k? — (3y + 4)tk + 4t

e D S —— d =
e T T HGe(k —1) 0 Ceh 16(k — 1)ck

4.11)

x _ b(k—y)
cc T 4ck

. . eqe . t . . .
Cash users always pay a higher tax in equilibrium, 2, — z = ;P™ > 0, which implies
that, u = %, i.e., 75% of consumers use a credit card and 25% use cash.2° It also implies that consumers

receive rewards in equilibrium, r* > 0.

Using (4.11), (4.6), and z.. = 11%;1 and z., = %m we can derive the unique equilibrium interchange

2When we allow for different gross benefits between cash and credit the equilibrium share of credit ranges between 0 and
1, see Section 6.1.
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fee and reward

L 12k% — (127 + 16)t — 64c)k + 167t and vt — 4k —v)(k—1)t
T (48¢ + 9t)k2 — (9 + 12)tk + 127t © (16¢+ 3t)k? — (3y + 4)tk + 4yt

4.12)

Without cash as an alternative payment mode (e.g., Shy and Wang (2011)), 7 and 7 cannot be uniquely

determined.?” In this scenario, only the tax for credit card users, z = 1;7;, is pinned down. Consequently,

1—

meaningful comparative statics cannot be performed.

The equilibrium network profits, after substituting (4.11) into (4.10), are given by

(60— )k 90 (120 (o)™

s Zen) = 4.13
7.‘-/\/(chﬂ Zch) 16(]{3 7 )(k‘ 7 7) ( )
The equilibrium total merchant profit is
)k
Hm(zccv Zch) - (Pm - C)X k‘ ,7 Ck‘ (4 ;:kh)k>
-k

ny(ck)*k(k _ ’Y)kfl (3 16k <(160kt)k+7t> T ( 16c+3t)1kg(k(3£y)—£k4)tk+4fyt) )

= 1 . (4.14)

4.6 Comparative statics

We analyze how the key parameters of our model, i.e., demand elasticity (k), merchant market power
(), and network market power (t), influence the equilibrium outcomes, with particular attention to the
implicit taxes borne by credit card and cash users. In each of the three propositions presented in this
section, we vary one key parameter while holding the others constant, allowing us to isolate and examine

its specific effects.

4.6.1 Effect of demand elasticity

We summarize the effect of demand elasticity in the following Proposition.

%7 Alternatively, the values of ¢ and  can be uniquely identified—even in the absence of an endogenous determination of cash
and credit card users—under the assumption that issuing banks incur a convex cost when processing transactions, Wang (2010).
However, as discussed in footnote 12, the convex cost assumption is increasingly viewed as outdated due to technological
advancements.
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Proposition 1 The equilibrium taxes as a function of the demand elasticity k are given as follows:

a) Relatively low demand elasticity: 1 < k < v + %.28 Both groups of consumers pay a tax.
Credit card users receive a reward r* > 0. Cash users pay a higher tax than credit card users,

20 > Zoe > L

— Credit card and cash users pay a higher price than the price merchants receive: P°" =

x pm _ (16c+3t)k%—(3y+4)thk+4yt cc _ x pm _ (16c—t)k>+~kt m _ ck
Zop P = T6(k—)(k—1) > P = 2. P" = wo—na=y > P" = iy

b) Relatively high demand elasticity: k > ~v + %.29 Cash users pay a tax, while credit card users

are subsidized by receiving a relatively high reward, 2% > 1 > 2.

— Credit card users pay a lower price than the price merchants receive: P = 2z} P™ =

(16c—t) k2 +ykt m _ ck
oDy <L = 5=y

— Ifk >k, withk > v+ %, then the price credit card users pay is even below marginal cost,

pec < ¢30

c) As demand elasticity increases (higher k):

*
ce’

the tax credit card users pay, 2., decreases,

*
ce’

the difference between the taxes, 2% — z}., increases,

31

ifk < %, the tax cash users pay, 2, decreases,

16k2c 32
3vk2—8vk+k2+4v"

ifk > %, the tax cash users pay, 27, decreases if and only if t <

Some academics and practitioners have argued that cash users effectively subsidize credit card users
when the latter receive rewards (see, for example, Schuh et al. (2010) and Felt et al. (2023)). In this

paper, however, we adopt a different interpretation of the term. We define the credit card taxes borne by

*From the condition in Lemma 1,  + ¢ > 1 always holds.
16¢

PThis condition can be rewritten in terms of ¢ as ¢ > yrag Since klffy < }ff,’: , the case we are examining is valid for
relatively high values of ¢, among the permissible values from the condition in Lemma 1.
- 16c+t 16 256 1)2¢2432y(y—1)t 2¢2
OWhere & = (16c+t)v+ c+\/ (y+1)2c2+432y(y—1)tety

2t
16¢((14+)k—) . 16¢c 16¢((1+7)k—v) 16¢k o iti
TGy It can be verified that iy < o) < %5 So, among all permissible values from the condition of

Lemma 1, this case is valid for the highest values of ¢.

3'When the gross benefits of cash and credit differ, as discussed in Section 6.1, this threshold becomes a function of the
respective benefits. The same adjustment applies to the subsequent results and propositions. In this section, however, we
assume equal gross benefits across payment modes, as allowing them to differ would not qualitatively affect our results.

32The threshold is decreasing as ~ increases, if and only if k > 2.

The condition in terms of ¢ can be expressed as ¢ >
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both card and cash users and show that, when rewards are positive, cash users face a higher effective tax
than card users. Proposition 1 demonstrates that when demand elasticity is relatively high, credit card
users are subsidized: they pay a lower price than the price received by merchants (even below marginal
cost if the elasticity is really high), which corresponds to the equilibrium price in an all-cash economy-
implying that merchants bear none of the tax burden. Conversely, when demand elasticity is low, credit
usage imposes a tax on both consumer groups, though the burden is lighter for credit card users due to
the rewards. This results in a shared, albeit unequal, distribution of the tax burden between cash and

credit card users.

4.6.2 Effect of merchant market power

We summarize the effect of merchant market power in the Proposition below.

Proposition 2 As merchant market power decreases (lower y):

a) the equilibrium interchange fee, i* > 0, decreases if and only if product demand elasticity is

. 4
relatively low, k < 3

b) the equilibrium reward, v* > 0, increases,

*

., decreases,

c) the equilibrium tax of credit card users, z

d) the equilibrium tax of cash users, z,, decreases if and only if product demand elasticity is low,

4
k<3,
e) equilibrium network profits, war(2%,, 2%, ), increase and

* *

f) aggregate merchant equilibrium profits, II"™ (2}, 2%,), are inverse U-shaped.

The effect of merchant competition arises from the influence of ~y on the fraction of credit card users,
w. It can be understood as follows. From (4.6), as ¥ decreases, u also decreases for a fixed 2.5, — 2. > 0.
Intuitively, in a more competitive merchant market, prices are lower. Since taxes are ad valorem, a
tax differential in favor of credit provides a smaller advantage to credit relative to cash. Therefore, the
network has an incentive to increase z.;, — 2. > 0 to restore its market share. This is achieved by

decreasing z.. and increasing z.j or decreasing z.;, but at a lower rate.
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Aggregate merchant profits can increase as competition in the product market intensifies. This oc-
curs because the network, which competes with cash, lowers the tax on credit card users, who, in the
base case of equal gross benefits between cash and credit, constitute the majority of consumers, thereby
encouraging increased consumption. In other words, there is a range of values for the market conduct
parameter in which the double marginalization problem is first order in economic significance. This
result contrasts with the findings of Shy and Wang (2011), who show that aggregate merchant profits
monotonically decrease as the market becomes more competitive. Higher consumption also benefits the

network profits.

4.6.3 Effect of network market power

We summarize the effect of differentiation between cash and credit, which is used as a proxy for network

market power, in the Proposition below (most parts of the proof are straightforward and are omitted).

Proposition 3 As network market power decreases (lower t):

a) the equilibrium tax cash users pay, z,, decreases if and only if product demand elasticity is above

a threshold, k > %,

b) the equilibrium interchange fee i* decreases if and only if product demand elasticity is above a

threshold, k > %,

¢) the equilibrium tax credit card users pay, z},, increases,
d) the equilibrium reward, r*, decreases and
e) the difference between the taxes, z;h — 2., decreases,

f) the equilibrium network profit, war(2}., 2%, ), decreases,

*

g) aggregate merchant equilibrium profits, II"™ (2}, 2%, ), decrease.

33

The finding that the tax for credit card users increases as network market power decreases might

seem counterintuitive. One might expect that, as the network faces stronger competition from cash, it

33 An analytical solution for this result could not be obtained; instead, it is supported by numerical simulations. All parameter
configurations explored consistently corroborate the stated outcome.
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would increase the rewards offered to credit card users, thereby lowering the tax for these consumers.
The intuition is as follows. From (4.6), and given that z.;, > z.., a lower t increases the share of credit
card users, holding the taxes fixed. As we have already discussed, this leads to lower network profits per
transaction (because credit card users cost the network relatively more than cash users). The network
lowers the rewards and the difference between the two taxes to mitigate this negative effect. Aggregate

consumption falls impacting negatively network and merchant profits.

5 Social efficiency and regulation

5.1 Social efficiency

Relative to the social optimum, our model identifies three primary sources of inefficiency. First, network
market power leads to inefficiency, as the monopoly network sets an interchange fee above the marginal
cost of processing transactions, which is assumed to be zero. Second, merchant market power introduces
further inefficiency. Together, these two sources create a double marginalization problem, both con-
tributing to distorted consumption patterns. Third, consumer behavior may be inefficiently influenced by
rewards, which can incentivize the use of a payment method that deviates from the consumer’s preferred
choice in the absence of cross-subsidization. Specifically, in our model, cash and cards are imperfect
substitutes, with consumer preferences represented along a Salop circle. Rewards can induce consumers

to incur transportation costs that exceed the socially optimal level.

To address these distortions, a social planner would set ¢« = r = 0, or equivalently z.. = z.; = 1,
resulting in an equal (50%) distribution of consumers between credit and cash, see (4.6).34 Additionally,

the planner would set the price P equal to the marginal cost c.

In what follows, we do not explicitly compare the relative importance of the effects of ¢ and r on
consumption to their effects on transportation costs. But we do show how regulation affects them both
and show when an interchange fee cap could improve welfare in both dimensions. We emphasize that

this is not always the case.

**In section 6.1, we allow for different valuations of cash and credit and, in that case, the socially optimal mix of payments
could be different from 50%. In addition, if we allow for a differential in the physical cost of accepting cash versus cards, this
too would affect the planner’s decision. See Section 6.3 for an illustration
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5.2 Regulation

We examine a regulatory intervention that imposes a cap, reducing the interchange fee from its private
equilibrium level. Our primary focus is on the implications of this policy for consumer welfare and
overall social efficiency. Since the regulation caps ¢ directly, we need to express the network’s profit

function, given in equation (4.10), as a function of 7. Using the expression for u, given by (4.6), and

Zeh = l%m and z., = 11_;;., we solve for ¢ and
B 2t - (2en — 1) (v — k) g Pec
Zch(t : (’7 - k) — 2ck - (Zch - zcc))’ Zch

Next, we invert this system to express 2., and z.. as functions of ¢ and r

(k —7)(2 — i)t — \/ 16t - (7(2‘“21(6’“‘7” - cikr) (k — )
4cikr

1-7) ((k )2 =it \/16t : (W - cz'kr) (k — 7)>
dcikr '

Zch =

5.1

Zee =

We substitute (5.1) into the network profit function (4.10), which now becomes mas(7,r) (similar
to (4.8), but with endogenous ). From the first-order condition of the network profit with respect to

r, we derive the effect of ¢ on the equilibrium reward, evaluated at the equilibrium values given by
BQWM(i*,r*)

* - . . . . 2 L * *
(4.12): &= = — 57,22 Given the quasi-concavity of the profit function, we have % < 0.

ar2
2 Sk ok
Therefore, if % > 0, implying that 7 and r are complementary in equilibrium, a marginal
2 Sk K
cap on the interchange fee would lead the network to reduce the reward. Conversely, if % <0,

implying that ¢ and r are substitutable in equilibrium, the network would increase the equilibrium reward.

This subtlety turns out to be important when thinking about policy and welfare.

The effect of the regulation on the equilibrium reward constitutes an intermediate step, but it is
not synonymous with changes in consumer welfare. To assess welfare implications, it is necessary to
examine the impact on equilibrium taxes. We differentiate equations (5.1) with respect to i, yielding

. .. oz* * . . . .
the partial derivatives gﬁh and 8;?0. These expressions incorporate the direct effect of ¢, as well as the

indirect effect on the equilibrium reward, captured by %, and are evaluated at the equilibrium defined

by equation (4.12).
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Given the complexity of the underlying expressions, closed-form analytical solutions are intractable.
As aresult, we rely on numerical simulations to characterize the impact of the regulation. To ensure the
robustness of our findings, we conduct extensive sensitivity analyses across a wide range of parameter
constellations, extending beyond those presented in the main text. In all cases, the qualitative nature of
our results remains unchanged. Throughout this section, we refer to our main findings as “results” rather
than “propositions,” as their validation is based on numerical simulations rather than formal analytical
proofs. Accordingly, the statements hold for the parameter values we have examined and while we have

undertaken extensive robustness checks, they should be interpreted with this caveat in mind.

We set t = ¢ = 1 for the remainder of this section and focus on the roles of merchant market
power and demand elasticity. The simulations indicate that ddL; < 0 if and only if £ < 5.093822 when
v = 1; k < 4.8424 when v = 0.5; and k < 4.6164 when v = 0. By continuity, the sign of the
derivative remains valid in a neighborhood of the equilibrium interval (,7*] (see Ronnen (1991) for a

similar approach).® We summarize the findings below.

Result 1 There exists an interval (i,1*|, such that if the interchange fee is set within (i,1*], where i* is
the unregulated equilibrium interchange fee, the equilibrium rewards will increase if and only if demand

elasticity is lower than a threshold.

In policy debates over credit card interchange fees, the claim that reducing these fees necessarily
reduces cardholder rewards is often treated as axiomatic. In our model, however, we find that this holds
only when demand is relatively elastic. When demand is less elastic, a reduction in interchange fees
can actually lead to an increase in rewards. This result is not limited to the case of constant elasticity

demand; it also holds under a linear demand specification (see Section 6.4).

The core intuition is as follows. A forced reduction in the interchange fee, ¢, lowers the network’s
margin, ¢ — . The network can respond by either lowering the reward, r, to partially restore the margin
or increasing 7 to stimulate consumption. When demand elasticity is relatively low, a reduction in ¢ does
not lead to a significant increase in consumption. In this case, the network finds it profitable to offset part

of the lost revenue by encouraging additional spending, from existing and ‘new’ cardholders, through

3We developed a MATLAB script (available upon request) that iterates over numerous configurations of (¢, ¢, v). For each
configuration, we identified a unique threshold, greater than one, with respect to k.

%This continuity property applies to all results presented in this section, although the lower bound i may vary across
different results.
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an increase in .37 By contrast, when demand elasticity is high, consumption responds strongly to the
regulation. This allows the network to recoup some of its lost revenue by lowering r to partially restore

its margin, while still benefiting from the higher transaction volume.

The impact of an interchange fee on consumption depends critically on the equilibrium credit card
taxes borne by consumers (recall that the price merchants receive is not affected by the tax, so any tax
change is passed-on to consumers). These taxes, z., = 1%;“ and 2., = 11_;;%,, are determined by three
variables: ¢ and g for all consumers and additionally r for credit card users. The regulation directly
reduces ¢; the central question is how p and r adjust in response. A decrease in u—that is, a reduction in
the proportion of consumers using credit cards—unambiguously lowers the tax burden on all consumers.
Moreover, u and r are positively related, all else equal: a lower reward decreases the fraction of credit
card users. Consequently, when equilibrium rewards decrease, cash users are unambiguously better off
(because both 7 and i decrease and hence 1 — pi increases), whereas credit card users face two opposing
forces: higher 1 — r, but also higher 1 — ui. Conversely, when equilibrium rewards increase, both types
of users experience conflicting effects, since ¢ and p move in opposite directions; however, credit card
users are more likely to benefit. In the following section, we examine the net effect of the regulation in
greater detail.

First, we examine the sign of the partial derivatives % and 82? for v € {0,0.5,1}. For all these

parameter values, the sign is positive for all £ > 1, indicating that an interchange fee cap reduces taxes
across all levels of demand elasticity and for all consumer types. Thus, even when the equilibrium reward

decreases, the equilibrium taxes for credit card users decline.®

Result 2 There exists an interval (i,1*], such that if the interchange fee is set within (i,1*], where i* is

the unregulated equilibrium interchange fee, the equilibrium taxes for credit and cash users decrease.

Thus, even for the case (high elasticity) when a reduction in interchange fees reduces rewards, credit
card users are not made worse off because, on net, the credit card tax falls, reducing the prices they

ultimately pay.*”

3"This relationship holds under a modest reduction in the interchange fee. In contrast, a substantial decrease would erode
the margin and necessitate a downward adjustment of the reward by the network. Despite this, the qualitative result—that a lower
interchange fee may lead to higher rewards—continues to hold even for sizeable reductions, such as 10% (see Section 6.4).

38 As with Result 1, we developed a MATLAB script (available upon request) that iterates over numerous configurations of
(t, ¢, 7, k). For each configuration, a;gh and 6§§u , evaluated at ¢ = 4", are strictly positive.
*1n our main model, the magnitude of consumer benefit from an interchange fee cap depends significantly, but not entirely,
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Although the economic forces we have identified are general, their magnitude depends on the demand
specification. In the case of linear demand, as opposed to constant elasticity, post regulation outcomes for
cash users can deteriorate when demand is relatively inelastic. The mechanism is a considerable increase
in the equilibrium reward, which triggers an expansion in credit card adoption. This expansion is large
enough to offset the initial reduction in the interchange fee ¢, thereby depressing the value of 1 — ui (see

Section 6.4 for more details and intuition).

The regulation induces a reallocation of surplus from the payment network to consumers and mer-
chants. Because the net price received by merchants is independent of the credit card tax, the tax reduc-
tion does not affect their per-unit revenue. However, by lowering the final price faced by consumers, the
regulation stimulates the transaction volume. This increase in aggregate consumption raises total mer-
chant profits whenever v > 0. Thus, surplus is transferred from the network to both sides of the market.

In the limiting case where v = 0, merchant profits are zero and the transfer accrues solely to consumers.

Next, we turn to the effect of an interchange fee cap on optimal payment choice. To do that, we

compare the magnitudes of agg and 62%’1. We find that a;gc 82% if and only if k < 4.5543 when

v =1,k < 4.2637 when v = 0.5, and £ < 4 when v = 0. This comparison is important because it
determines whether the gap 27, — 2. narrows or widens following the regulation. This gap, in turn, affects
1, which—as discussed in Section 5.1-is socially excessive. Under the assumptions of the model, the gap
narrows if and only if demand elasticity exceeds a threshold. This outcome arises primarily because, as
noted above, the reward decreases, making the card less attractive relative to cash. Therefore, for high
values of demand elasticity, the regulation helps mitigate the inefficiency associated with excessive card

usage. In contrast, when elasticity is low, the gap widens, thereby exacerbating the social inefficiency.

Result 3 There exists an interval (i,i*], such that if the interchange fee is set within (i,i*], where i* is
the unregulated equilibrium interchange fee, the inefficiency associated with excessive credit card usage

is mitigated if and only if demand elasticity exceeds a threshold.

When the equilibrium taxes fall, the effect on consumption efficiency is, in general, ambiguous. For

cash users, since 2, > 1, consumption moves closer to the first-best outcome (which, as discussed in

on the complete pass—through to prices that is implied by the constant elasticity demand specification. When demand elasticity
varies with output, pass—through tends to be imperfect, allowing merchants to retain a portion of the interchange fee reduction.
In Section 6.4, we consider a linear demand which features a non constant elasticity and hence implies an imperfect pass-
through.
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Section 5.1, is z.. = 2., = 1 and P = c¢). For credit card users, the effect depends on the level of z
which can be either greater or less than 1 (see Proposition 1). If 2. > 1-a situation that arises when
demand elasticity is relatively low (k < v + %)—consumption moves toward the efficient outcome.
Conversely, if 2, < 1, which occurs when demand elasticity is relatively high (k > v+ %), a lower tax
for credit card users may lead to a deviation from the first-best. As discussed in Proposition 1, for values
of k even higher than v + %, that is k > k, credit card users are subsidized to the extent that they pay a
price below the marginal cost of production ¢, so their consumption is inefficiently high. A lower tax in

this case exacerbates this inefficiency.

Result 4 There exists an interval (i,1*), such that if the interchange fee is set within (i,1*|, where i* is the
unregulated equilibrium interchange fee, the consumption inefficiency is mitigated if demand elasticity

is relatively low, that is k < k.

According to Result 3, the social inefficiency arising from excessive credit card usage is alleviated
under an interchange fee cap regulation when the demand elasticity is relatively high. Conversely, Re-
sult 4 demonstrates that the inefficiency associated with suboptimal consumption levels is mitigated when
the demand elasticity is relatively low. This raises the question of whether a single regulatory interven-
tion can simultaneously address both types of inefficiencies. The answer is affirmative: there exists a
range of values for £ within which an interchange fee cap regulation mitigates both forms of social in-
efficiency. Specifically, when v = 0, the relevant interval is k& € (4, 16); when v = 0.5, the interval
expands to k € (4.2637,24.17); and when v = 1, it further extends to k € (4.5543,32.5). Hence, for
demand elasticity within these ranges, the regulation not only benefits all consumers by reducing credit
card taxes, but also enhances overall social welfare by promoting consumption closer to the first-best

level and curbing excessive card usage.

6 Extensions

6.1 Cash and credit have different benefits

We extend our baseline model to account for differential benefits (or costs) associated with cash and

credit transactions. Specifically, we assume that a consumer derives a gross benefit of V,;, when purchas-
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ing with cash, and a gross benefit of V.. when purchasing with credit. Define the difference in benefits as
A = Vg — V. When credit offers greater non-pecuniary benefits than cash, A > 0; conversely, when
cash is more beneficial, A < 0. The mass of consumers who choose to use a credit card, as originally

defined in equation (4.6), is now re-expressed as follows:

1 A+Ph—Pc 1 A c (2 — 2e)
R N

There are no changes in the other parts of the model. The profit function of the network is quasi-

concave if and only if A > % — f/% The equilibrium taxes are as follows
. (—k + 2+ 4((4c + Ak — Ay)t — 4A%(k — 7)
o 16(k — 1)ct
) (32 + (16¢ — 4A)t — 4A2)K2 — 3(t — 2A) ((7 +4Ht+ 2%) k+ 4ty - (t — 2A)
Feh = 16(k — 1)tck '

The equilibrium share of credit is 1 = 2% + % Note that 1 € (0,1) if and only if A € (—%, %) The

difference in equilibrium taxes is 2, — 2. = (k=y)(t=24)

o ok and is decreasing in A.

The equilibrium interchange fee and rewards are are follows

N 4t[(y — k) (2A — ) (2kA + 3kt — 4t) + 16ckt]
T A+ 30[(y — k)(2A — t)(2kA + 3kt — 4) + 16¢k]
. at(k — 1)k — 7)(t — 2A)

(v = k)(2A — t)(2kA + 3kt — 4t) 4+ 16ck?t’

The effect of A on the equilibrium taxes is given by

dzi.  (k—7)(t—24) od dzly, B ((t+2A)k —2t)(k — )

dA Ak —Det Caa A(k — 1)tck

Credit card users pay a higher tax when the credit benefits increase relative to cash benefits, djgc > 0. In

addition, the equilibrium reward, 7*, is decreasing in A and at A = £, 7* = 0. When all consumers use

credit, the equilibrium reward is zero. For cash users, d;gh > (Qifand onlyif k < 2 + %. When demand

elasticity is relatively low, the network raises the interchange fee as the benefits of credit increase (or the

cost of cash increases). The reverse is true when demand elasticity is relatively high.
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The equilibrium profit of the network is given by

0 (40 3 o ) (s ()

(k—1)ct
t(k—7)(k—=1)

TN =

It can verified that s is decreasing in A, for all A € (% -2 C_tg, %) 40 When the benefit of credit,

7

relative to cash, increases, the network is worse-off.

We summarize in the following Proposition.

Proposition 4 As the benefits to consumers of credit, relative to cash, increase (or the cost of cash
relative to credit increases), i.e., A increases, the following hold:
A + 3

a) The equilibrium share of credit card users, . = 5; + %,

% mcreases,

b) the equilibrium tax for credit card users, z)., increases,

cc’

c) the equilibrium tax for cash users, 2}, increases if and only if demand elasticity is relatively low,

Le, k< 2—1—%,

d) the tax differential 27, — z,. is decreasing and becomes zero when all consumers use credit, that

is when A = %,

e) the equilibrium reward, r*, is monotonically decreasing and becomes zero when all consumers use

credit, that is when A = 5,

f) when demand elasticity is higher, k > 2+ %, the equilibrium interchange fee, i*, is monotonically

decreasing; otherwise, it can be inverse U-shaped and

g) the equilibrium profit of the network is decreasing.

Equilibrium taxes on credit card users increase for two primary reasons. First, as the benefits asso-
ciated with credit usage rise, the payment network faces reduced competitive pressure from cash trans-
actions, allowing it to lower the rewards offered to users. Second, a higher proportion of credit card

users leads to an increase in the effective tax borne by all consumers. While the network may attempt

t
2

_ 2Vectk

40 . . . . e _ _t
Specifically, 7 is convex in A, is minimized at A = 5 and has an asymptote at A = 3 iy

32



to mitigate this effect by reducing the interchange fee, such adjustments are insufficient to fully coun-
terbalance the underlying forces. A key implication of higher taxes on credit card users—who constitute
the majority of consumers—is a decline in aggregate consumption, which in turn reduces the network’s

overall profitability.

6.2 Would cash users be better off if rewards were prohibited?

Many scholars and industry experts argue that interchange fees are elevated, in part because they help

finance rewards for credit card users. Consequently, consumers who pay with cash may be disadvantaged.

1
1—ps

To explore this issue, we force » = 0, which implies a single tax z = that applies uniformly to all

consumers. From equation (4.6), it follows that y = % Substituting into equation (4.9), the network’s

profit function becomes
(k —7)*(z — e
(ck)kzk (1—-2)°

TN =

which is maximized at

Next, using the equilibrium tax for cash users when rewards are permitted, as given by equation

(4.11), we find:

(k—7)t- 3k —4)
16(k — 1)ck '

* *
ZchfZ' =

6.1)

which is positive if and only if & > %.41 We summarize in the Proposition below.

Proposition 5 Suppose rewards for credit card transactions are prohibited, i.e., v = 0. In that case, the
equilibrium tax on cash users decreases, relative to when rewards are allowed, if and only if demand

L . . . 4
elasticity is relatively high, that is, k > 3.

Under conditions of relatively high demand elasticity, our model predicts that prohibiting credit card

rewards results in a lower effective tax on cash users, thereby improving their welfare. Conversely,

“I As in Proposition 2, the threshold is not fixed at %; rather, it becomes a function of the gross benefits when the two
payment modes differ in this respect, as modeled in Section 6.1. In this section, we deliberately abstract from such differences
in gross benefits, as allowing for them would not qualitatively alter our results.
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when demand elasticity is low, cash users are better off when rewards are permitted. The underlying

mechanism is as follows: banning rewards reduces the prevalence of credit card usage (from p = %
topu = %), which, all else equal, lowers the cross-subsidization burden borne by cash users. However,
in response to the decline in transaction volume, the card network may raise the interchange fee to
recoup lost revenue. If the increase in the interchange fee is limited, the net effect is a reduction in the
equilibrium tax on cash users. When demand elasticity is high, the network faces stronger disincentives

to raise fees substantially, as doing so would significantly suppress aggregate consumption.

6.3 Merchants incur a cash cost — An Illustration

In our baseline model, it becomes apparent that the introduction of credit reduces welfare by exposing
consumers to taxation. This conclusion, however, rests on two key simplifying assumptions in our model:
(i) the use of cash incurs no cost and (ii) the gross benefit from both payment methods, denoted by V, is

identical. In this extension, we relax the first assumption.

Suppose now that merchants incur a cost 7 associated with accepting, safeguarding and transporting
cash, including potential losses due to employee theft. Accordingly, the profit function of merchant j,

originally given in (4.2), is modified as follows

mj = (L =) PX,r, 1) + (1 = p)(1 = 7)P(X, 7, p)) wj — cx;

=1 —pi—(1—pr)P(X,r,p)z;— cz;j.

Following the same steps as in the analysis in Section 4.3, the tax expressions become

_ 1 L= 1—7r
Clep-d) - A=) T I —d) = (- )7

Zen (6.2)

In the absence of credit (i.e., 4 = 0), cash users face a tax of z = ﬁ When 7 > 0, the network’s
profit function becomes significantly more complex than in (4.10), precluding closed-form solutions.
Consequently, we rely on numerical simulations. Setting 7 = 0.03 implies a 3% cost of using cash,
resulting in a tax of z* = 1.0309 in the absence of credit. We further assume ¢ = 0.2, ¢ = 2, v = 0.5,
and k = 35. In equilibrium, we find ;. = 0.9107, indicating that approximately 91% of consumers adopt

credit. The corresponding equilibrium tax rates are 2, = 1.028702 and 2, = 1.0692. Thus, following
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the introduction of credit, 91% of consumers experience a lower tax burden. Naturally, for alternative
parameter values—particularly when £ is low—the introduction of credit may render all consumers worse

off.

The purpose of this extension is to demonstrate that, within our model, the introduction of credit can
make the vast majority of consumers better off when cash handling entails a reasonable cost, even if the
gross benefit of the two payment modes is identical. We do not assess the plausibility of the parameter

values under which this outcome arises.

6.4 Linear demand

While the assumption of constant elasticity simplifies the analysis and facilitates the derivation of several
novel results, it is not without its limitations. A well known drawback is that it leads to a one-for-one
increase in the price at the register in response to a rise in credit card taxes. This implies perfect pass-
through and that the entire tax incidence falls on consumers, a result that may limit the policy relevance

of our findings.

To address this concern, albeit at the expense of some clarity and tractability, we adopt an alternative
framework with linear product demand. This specification offers a balance of analytical tractability
and a demand elasticity that varies with aggregate output. This variation introduces an elasticity effect,
the direction of which is determined by the sign of the derivative of the demand elasticity with respect
to output. Under linear demand, this sign is positive; that is, market demand becomes less elastic as
aggregate output increases. In this environment, the incidence of a credit card cost is shared between

merchants and consumers, except in the case of a perfectly competitive merchant market.

This result aligns with the taxonomy of demand functions proposed by Mrdzovd and Neary (2019),
who define a demand function as subconvex if log p is concave in log x. This is equivalent to a demand
function that is less convex than a constant elasticity function and one whose (absolute) elasticity of
demand decreases with output, precisely the case for linear demand. Subconvexity is sometimes called
“Marshall’s Second Law of Demand”. In contrast, superconvex demand, where elasticity increases with
output, can lead to tax over-shifting, whereby consumers bear more than 100% of a tax. Such an outcome

is often considered less plausible, further justifying our focus on the linear, subconvex case for a more
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realistic analysis of pass-through.*?

Our main focus in this extension is on the welfare implications, particularly the counterparts of

Results 1 and 2 in Section 5.2, which examine the effects of an interchange fee cap regulation.

Suppose individual demand is linear x = 1 — P. The inverse aggregate demand, accounting for

rewards r and the share of credit card users i, is given by

1-X

S 7R e B G

(6.3)

Combining (6.3) with (4.4) we derive the equilibrium aggregate consumption as a function of the

two taxes
1—czep- (1 —p) —cz
X (2ehs 2eei 1) = piee + (1 — p)xep = e (1= ) = Clectt. (6.4)
1+
Using (4.6) and the demand elasticity, € = —%, we derive the share of credit card users*
1 Ph—Pe 1 (2 — 2ec)
N(Zch7zcc;X) = 54-# = §+ﬁ (6.5)

1-X

We solve (6.5) and (6.4) simultaneously with respect to X and i, to obtain X (z¢p, 2cc) and p(2en, Zee)s

either analytically (when v = 0) or numerically (when y > 0). The profit of the network, from (4.9), is

: cc 1- ch) — 1
71'./\/'(Zcha Zee; X, N) = c ((,uz (+ ( ’YXM)>Z h) )xcc(zcc)7 (6.6)

1-X

where z.. = 1 — cze.. We substitute X (zep, zee) and p(zep, zec) into (6.6). Note that ¢ must be less than
1. Since X < 1, the following inequality holds, z.x (1 — 1) + zeept < %, which is satisfied when network

profits are positive.

“Mrazova and Neary (2017, 2019) provide a comprehensive discussion of how superconvexity and subconvexity determine
competition effects and relative pass-through.
“For simplicity, and without significant loss of generality, we set the transportation cost parameter to ¢ = 1.
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6.4.1 Equilibrium in the absence of a credit card

We digress briefly in this subsection to derive the equilibrium for the benchmark case without credit. By

setting 1+ = 0 and z., = 1 in (6.4), we obtain the following expressions

5(121—0, ﬁz’y—l—c ﬁ:7(1—0)2
I+~

147’ (14 ~)2 ©.7)

where X is the aggregate equilibrium output, P is the equilibrium price all consumers pay and all mer-
chants receive and I1 is the equilibrium merchant aggregate profit, in the absence of the payment network.
This benchmark equilibrium will serve as a point of comparison when we later compute the tax incidence

due to the credit card.

6.4.2 Perfectly competitive merchant market, v = 0

When the merchant market is perfectly competitive (v = 0), the model yields tractable closed-form
solutions, which we present as a useful benchmark (but still results about the effects of the regulation are
numerical). In this limiting case, T = % = 0 and the price received by merchants remains unaffected
by the tax. Consequently, the final price paid by consumers reflects a one-to-one pass-through of the tax.
Even in this limiting setting, however, our framework yields a new result, relative to constant elasticity
demand, regarding the effect of a regulation on the equilibrium taxes, that we discuss below. In the

next subsection, we generalize the analysis by allowing for imperfect competition (y > 0) and hence

imperfect pass-through.

The simultaneous solution of (6.5) and (6.4) yields

X (2chy Zee) = 1+ 02(zch — ch)2 — M
? (6.8)

1
M(ZCha ch) = 5 +c- (Zch - zcc)-

After substituting (6.8) into (6.6) we derive the network profit as a function of the two taxes

¢ (2(2eh — 2ee)?c — Zeh — Zee + 2)(C2ee — 1)
5 .

WN(ZCCa zch) = (6.9)
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We differentiate 7ar(2cc, 2cn) With respect to z.. and z.;. The following three sets of roots satisfy

the first order conditions (with equality)

1 5+ /17 — 16¢
Zee = —andzgy = —"-—-—"7"
c 4c
l6c+15 16¢ + 23
z e _— ya = .
cc 32¢ ch 32¢

Only the last set of roots also satisfies the second order conditions. Hence, the taxes that maximize

the network profit, subject to X (zcn, 2ec) € (0,1) and p(zen, 2ec) € [0, 1], are given by

. 16c+15

16¢ + 23
Zee 32¢ '

6.10
32¢ ( )

and z;, =

The equilibrium aggregate consumption is X* = ;’—‘;’ — 5, so the interior solution is valid for X* >

15
O:>C<E

Using (6.10), together with z., = l%m and z.. = 11_;’;, we derive the equilibrium interchange fee

and rewards

4(23 — 16¢) N 8

— 2 andrf = ———.
3(23 + 16¢) 23 + 16¢

ko

6.11)

An interchange fee cap regulation. We will now express the network profit function in terms of ¢ and

1—r
1—pe

7. We use ji(zeh, 2ec), from (6.8), together with 2z, = —— and 2., =

=1 and solve with respect to z.p,

and z... We obtain the following two sets of solutions

—i+2++/—16cir + 12 + 4(1 —4)

Zch(i7r) - -
4eir
X 4((%—%)\/—160ir+i2+4(1—i)+cir—%—4—%—%)(—1+r)
ch(%r) = - .. - 5] -
cir(i — 2 — \/—16cir +i2 + 4(1 — 1))
and
2 (i) —i+2—/—16cir + 12 + 4(1 — 1)
zop(i,r) = .
4eir
4((—§'+§) \/—16cir+z‘2+4(1—i)+cir—§+%—%) (—1+7)
ch(i7r) = - " - - - .
cir(i — 2 + \/—16cir +i2 + 4(1 — i)
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We begin by substituting the two candidate solution sets into Equation (6.9). To simulate the effect
of an interchange fee cap, we exogenously reduce the interchange fee 7 by 10% from its benchmark
equilibrium level defined in Equation (6.11). We then solve the model by maximizing profit with respect

to the reward r.** Our analysis identifies the second solution set as the economically relevant one.

Given the complexity of the resulting expressions, we proceed numerically. We examine how the
equilibrium changes by varying the cost parameter c. This parameter influences aggregate consumption
X, which in turn determines the demand elasticity. It is through this channel that ¢ ultimately governs

the direction of the change in the equilibrium reward.

We present illustrative results for three different values of ¢ in Table 1. Most of these results are
consistent with those derived under the constant elasticity demand, with one notable exception. Under
a linear demand, when elasticity is relatively low (i.e., ¢ = 0.4), an interchange fee cap can make cash

users worse off by increasing the tax they pay.*

It is important to note that the numerical results reported in Table 1 should be interpreted qualita-
tively rather than quantitatively. In particular, the equilibrium values of ¢ and r are substantially higher
than those observed in practice. Our model abstracts from real world factors such as competition among
networks, regulatory constraints (including the possibility of triggering regulation) and behavioral con-
siderations, which further limit the quantitative accuracy of the predictions. In other words, the model
represents a setting with an upstream monopolist that competes only against cash and the no-purchase
option, both of which have fixed prices. Accordingly, the results should be viewed as illustrating the

direction of effects and relative impacts rather than their precise magnitudes.

Key Observations and Intuition from Table 1
» Effect on Rewards (r): The network’s strategic response to the cap on ¢ depends on demand elas-
ticity.

— Relatively low Elasticity (¢ = 0.4, ¢ & —2.72 and ¢ = 0.45, € &~ —3.10): A lower ¢ does not

significantly boost total consumption. The network finds it more profitable to increase 7 to

“We confirmed that our qualitative conclusions are robust to smaller reductions in the interchange fee, such as 1% or 0.1%.

“The simulations underlying Table 1 were produced with MATLAB code. The code computes equilibrium outcomes across
a wide range of parameter configurations and all results are qualitatively similar to those presented in the table. The code is
available from the authors upon request.
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Table 1: Equilibrium Effects of a 90% Interchange Fee Cap under Linear Demand and Perfect Competi-
tion

c=04 c=045 c=0.5

Variables Unregulated Regulated Unregulated Regulated Unregulated Regulated

(") (0.97%) (") (0.97%) (7*) (0.9¢%)
Interchange Fee () 0.7528 0.6776 0.6976 0.6278 0.6452 0.5806
Reward (r) 0.2721 0.3715 0.2649 0.2979 0.2581 0.2538
Cash Tax (zcp) 2.2969 2.3613 2.0972 1.9008 1.9375 1.7141
Credit Tax (2¢) 1.6719 1.4841 1.5417 1.3345 1.4375 1.2791
Credit Share (1) 0.7500 0.8508 0.7500 0.7548 0.7500 0.7175
Network Profit (mar) 0.1097 0.1000 0.0938 0.0851 0.0791 0.0725
Consumption (X)) 0.2690 0.3540 0.2440 0.3370 0.2188 0.2990
Elasticity (¢) -2.72 -1.82 -3.10 -1.97 -3.57 -2.34

stimulate spending, partially offsetting the lost revenue from the lower fee.

— Relatively high Elasticity (c = 0.5, € &= —3.57): A lower ¢ triggers a substantial increase
in total consumption. The network lowers r to recoup some margin, relying on the volume

increase to protect its profits.

These results align with the findings and intuition under the constant elasticity demand specifica-

tion (see Result 1).

* Effect on Credit Users: The price for credit users is determined by the tax z.. = 11%;.46 A change

in z.. is driven by changes in 7, r and pu:
— Direct Effect of | i: A lower interchange fee directly reduces the denominator (1 — pi),
which lowers z.. (a beneficial force).
— Indirect Effect via r:

« If r increases (low elasticity), the numerator (1 — r) decreases, which further lowers z..
(reinforcing the benefit).
« If r decreases (high elasticity), the numerator (1 — r) increases, which raises z.. (a

countervailing force).

— Indirect Effect via y1: A change in the credit share p affects the denominator.

4The price paid by credit card users is given by P°° = z..P™. Since P™ = ¢, and hence is unaffected by z., it is
sufficient to focus on z.. to determine the direction of the change in the price paid by credit card users. The same reasoning
applies to cash users.
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* If p increases (low elasticity), due primarily to higher rewards, it diminishes the benefi-
cial effect of lower 7 in the denominator.
* If y decreases (high elasticity), due primarily to lower rewards, it amplifies the beneficial

effect of lower ¢ in the denominator.

Net Effect: The results show that the direct, beneficial, effect of the lower interchange fee domi-
nates the potentially countervailing movements in r and g in all cases, leading to a lower final tax
Zcc and thus a lower price for credit users. These results are consistent with the ones derived under

the constant elasticity demand (see Result 2).

» Effect on Cash Users: The price for cash users is determined by the tax z., = 1%/“ A change in

Zcp, 18 driven by changes in ¢ and p:

— Direct Effect of | i: A lower interchange fee directly reduces the denominator (1 — pi),

which lowers z.;, (a beneficial force).
— Indirect Effect via y: The change in credit share p is critical.

* If p increases substantially (low elasticity, ¢ = 0.4), due to higher rewards, it decreases

the denominator (1 — pi), which raises z.;,. The regulation harms the cash users.

+ If u is stable or decreases (higher elasticity, ¢ = 0.45,0.5), due to lower rewards, the
countervailing force through p is weak or becomes reinforcing. This allows the direct

benefit of lower ¢ to dominate, lowering z.;, and benefiting cash users.

Under the constant elasticity demand specification, we find no evidence that cash users incur a
welfare loss following the regulation (see Result 2). In contrast, under linear demand, such losses

can occur. The intuition is as follows.

Under linear demand, as aggregate consumption rises due to a lower weighted-average tax, de-
mand becomes less elastic. This does not occur under constant elasticity demand, where elasticity
remains unchanged. Consequently, the payment network, seeking to boost consumption when the
initial demand elasticity is relatively low, increases the reward more substantially under linear de-
mand to counteract the reduction in elasticity. This relatively larger reward promotes greater credit

card adoption and can leave cash users worse off.
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» Effect on Credit Share (11): The share of credit users, y = % + ¢ (2eh — Zee), changes primarily

with the tax differential (z.;, — zcc).

— When r increases (low elasticity), the gap (z., — 2cc) Widens, making credit more attractive

and increasing L.

— When r decreases (high elasticity), the gap (z.;, — z¢c) narrows, making credit less attractive

and decreasing L.

» Network Profit (mar): As expected, the interchange fee cap reduces the network’s profit in all
scenarios, as it directly constrains a key instrument and forces a suboptimal (from the network’s

perspective) adjustment of 7 and .

As in the constant elasticity demand model, a regulation that caps the interchange fee impacts the
three endogenous variables—i, r, and y—which in turn influences the effects of both forms of taxation.
Our analysis under linear demand reveals that, while such a regulation can improve welfare for both
consumer groups (as was the case under constant elasticity), it cannot worsen welfare for both. This

latter result is new; in the constant elasticity model, both groups were always made better off.

The outcome highlights a clear trade-off. A deterioration for cash users—which occurs when rewards
rise under relatively inelastic demand, exacerbating the cross-subsidization—typically benefits credit
card users. Conversely, a deterioration for credit card users, which happens when rewards fall under

relatively elastic demand, mitigates the cross-subsidization, ultimately benefiting cash users.

In summary, given that merchant profits remain at zero, the regulation reallocates surplus away from
the payment network. This surplus is transferred either to all consumers, if they are collectively better
off, or, in scenarios where cash users are made worse off, to credit card users, effectively resulting in a

transfer from both the network and cash users to cardholders.

6.4.3 Imperfectly competitive merchant market, v > 0

The payment network chooses z.. and z.; to maximize its profit, as given by equation (6.6). Under

imperfect competition, incomplete pass-through implies that the incidence of an interchange fee cap

depends on the intensity of product market competition. Inspecting (6.6) reveals how merchant market
X

power, captured by v, interacts with demand elasticity through the price. Specifically, -1 = —~,
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indicating that the impact of elasticity becomes more pronounced as ~y increases—at v = 0, this effect
vanishes.*’ This introduces a novel elasticity effect not present under constant elasticity demand or linear

demand with perfect competition.

When &’ > 0 (as with linear, subconvex demand), a decrease in aggregate output X makes demand
more elastic. In this setting, in addition to the effects already identified by our analysis so far, an in-
crease in the network’s taxes z.. and z.;, generates a negative effect on marginal profitability: a higher
tax reduces aggregate output X, which in turn increases demand elasticity, leading merchants to lower
their prices and thereby reducing the network’s revenue. A lower y—reflecting stronger product market

competition—weakens this effect. Consequently, the network optimally responds by increasing its tax.*3

To measure the extent to which consumers bear the burden of the credit card “tax,” we define the
tax incidence for each payment group. Let P denote the equilibrium price in an all-cash economy (the

benchmark without credit cards, see (6.7)). The incidence for credit card and cash users is then given by

_ p*-P _ ph—Pp
Ppch _ pm’

Tee = pec _ pm’ Teh =

A value of T near one implies that consumers bear nearly all of the tax burden, meaning the credit
card tax is passed through almost entirely to consumers. Conversely, a value near zero implies that

merchants bear most of the burden.

As in the perfect competition case, our results are numerical. Following the structure of Table 1
for the case of v = 0, we present, in Tables 2 and 3 below, equilibrium values—both unregulated and
regulated—for different levels of +y, in order to assess the impact of merchant market power. The numbers

in these tables are not correct. Once we have the new Matlab code we will put the correct numbers.*’

The main findings obtained under perfect competition, regarding the impact of an interchange fee

cap regulation, carry over when we allow for imperfect competition. In particular, an interchange fee

“TThis is intuitive. In a perfectly competitive market, demand elasticity has no effect on pricing, as price is driven to marginal
cost regardless of elasticity. In contrast, for a monopolist, market elasticity plays a crucial role in determining price.

*This mechanism is closely related to the effect of competition on markups discussed in Mrézovd and Neary (2017). As
the authors note on page 3840: “Hence, if globalization reduces incumbent firms’ sales in their home markets, it is associated
with a higher elasticity and so a lower markup if and only if demand is subconvex.”

“These tables are computed using the same MATLAB code as Table 1. For space considerations, we only report results for
two representative values of + and all additional simulations yield qualitatively similar outcomes. The code is available from
the authors upon request.
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Table 2: Equilibrium Effects of a 90% Interchange Fee Cap under Linear Demand and Imperfect Com-
petition, v = 0.1

c=04 c=045 c=0.5

Variables Unregulated Regulated Unregulated Regulated Unregulated Regulated

(%) (0.9¢%) (") (0.94%) ") (0.94%)
Interchange Fee () 0.7416 0.6675 0.6877 0.6190 0.6368 0.5731
Reward (r) 0.2666 0.3466 0.2599 0.2904 0.2536 0.2507
Cash Tax (zcp) 2.2533 2.2388 2.0654 1.8887 1.9142 1.7088
Credit Tax (2¢) 1.6525 1.4628 1.5285 1.3401 1.4287 1.2805
Credit Share () 0.7500 0.8290 0.7500 0.7601 0.7500 0.7238
Network Profit (mar) 0.1132 0.1047 0.0963 0.0888 0.0809 0.0750
Consumption (X)) 0.2789 0.3289 0.2517 0.3070 0.2250 0.2733
Elasticity (¢) -2.58 -2.04 -2.97 -2.25 -3.44 -2.66
Agg. Mer. Profit (II) 0.0045 0.0068 0.0039 0.0064 0.0034 0.0053
Price cc users pay (P) 0.6876 0.6153 0.7118 0.6310 0.7357 0.6653
Price ch users pay (P°") 0.9376 0.9417 0.9618 0.8892 0.9857 0.8878
Tax Incidence, cc (7¢.) 0.8584 0.8257 0.8605 0.8180 0.8618 0.8222
Tax Incidence, ch (7.p,) 0.9263 0.9349 0.9308 0.9303 0.9352 0.9296

Table 3: Equilibrium Effects of a 90% Interchange Fee Cap under Linear Demand and Imperfect Com-
petition, v = 0.5

c=04 c=0.45 c=0.5

Variables Unregulated Regulated Unregulated Regulated Unregulated Regulated

(%) (0.94%) (%) (0.9¢%) (@) (0.9¢%)
Interchange Fee (7) 0.6585 0.5927 0.6263 0.5637 0.5895 0.5305
Reward (1) 0.2321 0.2473 0.2318 0.2391 0.2303 0.2247
Cash Tax (z.p) 1.9760 1.8509 1.7924 1.7494 1.7924 1.6459
Credit Tax (zc¢) 1.5172 1.3932 1.4486 1.3312 1.3796 1.2761
Credit Share (1) 0.7500 0.7756 0.7500 0.7600 0.7500 0.7397
Network Profit (7ar) 0.1354 0.1322 0.1111 0.1076 0.0907 0.0874
Consumption (X) 0.3472 - 0.2989 - 0.2586 -
Elasticity (¢) -1.88 - -2.34 - -2.87 -
Agg. Mer. Profit (I1) 0.0045 0.0068 0.0039 0.0064 0.0034 0.0053
Price cc users pay (P<°) 0.6876 0.6153 0.7118 0.6310 0.7357 0.6653
Price ch users pay (P") 0.9376 0.9417 0.9618 0.8892 0.9857 0.8878
Tax Incidence, cc (7c) 0.8584 0.8257 0.8605 0.8180 0.8618 0.8222
Tax Incidence, ch (7.3) 0.9263 0.9349 0.9308 0.9303 0.9352 0.9296

cap continues to raise the equilibrium reward when demand elasticity is relatively low (i.e., ¢ = 0.4 and

¢ = 0.45) and to reduce the reward when elasticity is relatively high (i.e., ¢ = 0.5). Moreover, across all

cases, all consumers face lower credit card taxes following the regulation.>®

OWhen v = 0, cash users pay a higher tax after regulation when elasticity is low (¢ = 0.4), due to a substantial increase in
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There are, however, new results stemming from imperfect pass-through. When the network lowers its
taxes, merchants respond by raising their price, an optimal response to the less elastic demand, making
the net effect on consumer prices, in general, ambiguous. From Table 2, we see that credit card users pay
a lower price, but cash users can pay a higher price when ¢ = 0.4, even though the taxes decline in all
instances. Cash users are worse off when card adoption increases significantly after the regulation, such

that z.; does not decrease sufficiently relative to the increase in P™".

Merchants are better off after the regulation, as they benefit from both a higher markup, P™ — ¢, and
higher aggregate consumption X resulting from the decline in taxes. Thus, under imperfect competi-
tion, a regulation redistributes surplus away from the network—and sometimes from cash users—toward
credit card users and merchants. Although the regulation makes both credit card users and merchants
better off, the tax burden for credit card users decreases. For cash users, the tax burden decreases only

when the price they pay decreases (for ¢ = 0.45 and ¢ = 0.5).

Also, as expected, the tax incidence for consumers decreases as the merchant market becomes less

competitive (when v = 0, 7.. = 7., = 1, consumers bear all the tax burden).

The effect of stronger product market competition (i.e., lower «y) is higher equilibrium taxes. This
result contrasts with the constant elasticity case (see Proposition 2), where more intense product market
competition lowers the tax paid by credit card users and also lowers the tax paid by cash users whenever
demand elasticity is relatively low. The difference arises from the elasticity effect, which dominates
the effect we identified in the constant elasticity case—an effect that is also at work here. Under linear
demand, increased product market competition weakens the elasticity effect. Consequently, as we have
discussed above, the network becomes less reluctant to lower taxes as competition intensifies, leading to

higher equilibrium taxes in more competitive product markets.

7 Conclusion

The model developed in this paper features a two-sided market with a monopoly payment network, inter-

change fees in the form of an ad valorem markup, consumers who can choose to pay with either credit or

credit card adoption, p. This is not the case in Tables 2 and 3. Under imperfect competition, the increase in credit card adoption
is more modest (when ¢ = 0.4). This is because elasticity is lower due to higher output when the merchant market is more
competitive and the network has weaker incentives to increase the reward.
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cash, merchants with market power and elastic demand. Credit card taxes emerge from the interchange
fees, rewards and the rate of credit adoption, creating a wedge between the prices consumers pay and
the prices merchants receive, all endogenously determined. The model establishes an equilibrium where

aggregate demand and merchant profits are influenced by these credit card taxes.

Merchants argue that the high fees for processing credit card transactions erode their profits and
force them to raise prices, negatively affecting consumers. Those concerns have prompted governments
worldwide to introduce regulations aimed at curbing these fees. Networks and banks, on the other hand,
contend that lowering interchange fees would compel them to reduce the rewards offered to credit card

users, thereby disadvantaging their customers.

Under the assumptions of our model, we show that capping interchange fees can enhance welfare
for both cardholders and cash users by mitigating the implicit taxes embedded in cash and credit card
transactions—even when rewards decline. Given endogenous pricing and constant elasticity of demand,
the reduction in rewards, which occurs when product demand elasticity is relatively high, is consistently
smaller than the decrease in interchange fees, yielding a net gain for all consumers. This effect is driven
by the network’s strategic response to competition from cash as an alternative payment method. Contrary
to conventional wisdom, when product demand elasticity is relatively low, a fee cap induces the network
to increase equilibrium rewards—an outcome that significantly amplifies cardholders’ welfare, but under

a linear demand it may hurt cash users.

The imposition of a fee cap diminishes the profit of the payment network. The resulting surplus
redistribution depends on the underlying demand specification: under constant elasticity demand, the
surplus is reallocated to merchants and consumers collectively; under linear demand, when cash users
experience a welfare loss, the redistribution favors credit card users and merchants. In this latter case,

the transfer occurs from the payment network and cash users to cardholders and merchants.

More broadly, our framework identifies three central sources of social inefficiency in the credit card
payment system: network market power, merchant market power, and reward-induced distortions in
consumer payment behavior. In our baseline model, these mechanisms contribute to excessive reliance
on credit cards and suboptimal consumption. We show that a cap on interchange fees can simultaneously
mitigate both inefficiencies when demand elasticity lies within an intermediate range. In such cases, the

regulation lowers implicit taxes for both cash and credit card users, improves consumption efficiency,
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and curtails overuse of credit.

As in other models, we find that credit card users face a lower effective tax than cash users, due to the
rewards offered for card-based purchases. Under certain conditions, these rewards can be so generous
that the tax on credit card transactions effectively becomes a subsidy—cardholders end up paying less, on

net, than the amount merchants receive, even below marginal cost in some cases.

As competition in the product market intensifies, the equilibrium tax paid by credit card users de-
creases under constant demand elasticity but increases under linear demand. For cash users, the tax
decreases only when demand elasticity is relatively high, yet it also rises under linear demand. This
divergence stems from the elasticity effect, which emerges once we depart from the constant elasticity

specification. As this effect becomes dominant, it disincentivizes the network from lowering the taxes.

Finally, under a constant elasticity demand, aggregate merchant profits can increase with intensified
product market competition due to the significant double marginalization problem within a certain range
of the market conduct parameter. More intense product market competition prompts the network, which
competes with cash, to lower the tax for credit card users. This, in turn, significantly increases their
consumption, offsetting the negative impact of competition on merchant profits. In models that do not

include cash as an alternative payment mode, merchant profits strictly decline as competition increases.

Our results relate to the well-known waterbed effect, whereby regulation of one price margin induces
offsetting adjustments elsewhere. In mobile telephony, (Genakos and Valletti, 2011, 2015) empirically
document that reductions in regulated termination rates were partially offset by higher retail prices.
Policymakers, academics and industry participants in payment markets are well aware that interchange
fee caps can trigger rebalancing. Our contribution is to characterize the direction of the response: in a
two-sided payment market, the network’s adjustment of equilibrium rewards and the associated effect on

credit card adoption, depends on demand elasticity.

The model generates testable implications about the effect of product market competition, the degree
of differentiation between cash and credit and the elasticity of demand on the taxes for credit and cash

users.

We have made significant progress in developing a more realistic model of a payment network.
However, there remain at least two simplifying assumptions that we aim to relax in future research.

First, in our model, we assume the presence of a single monopoly payment network. In reality, multiple
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payment card networks typically exist. Second, we have assumed Bertrand competition among issuing
and acquiring banks. At the expense of substantial complication, introducing market power at this layer

of the network would likely yield additional effects and insights.
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A Appendix: Proofs

A.1 Proof of Lemma 1

The second derivative of the network profit, (4.10), with respect to z.. is given by

Prn B A

028, — t-(k—v)*

k
where A = cz2F (’f;g) K2(c- (k — 1)(k — 2)22 — 2((czen + t/4)k — 7 - (t/4)) (k — 1)zee + (1 +
k)((cz2, — (1/2)tzen + )k + 1y - (2¢n — 2)/2)). When we evaluate the second derivative at the solutions
to the first order conditions, (4.11), it is negative if and only if £ < %. The second derivative of the

network profit with respect to z. is given by,

k
Py i (k;}:) 2 k2262 N
0z, t(k — )2 ’

The determinant of the Hessian matrix of mar(zcc, zep) is given by

reom 2k 2 Voot Fh 21 (o )e _ N2, -
<k(zcczch)2(k‘1)62+3(( com2gh—2)k et 2)t-(k—) +t2(k87)2)2k4 <%) (2, 21HR)
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which when evaluated at the solutions to the first order conditions, (4.11), is positive if and only if

A.2 Proof of Proposition 1

Note that 2}, < 1if and only if & > v + 16C ,ort > klf?y The effect of demand elasticity on the

taxes is: 85130 <0&et< llff/, which is always satisfied since

cc)

ECV > 1‘2”’; (from the second order

16k3c 16¢

16k2c <
3vk?—8vyk+k2+4y T—y

( ch
3vk2—8vk+k2+47 and

condition), a <0&et< > (0. Moreover,

16k%c
3vk2 —8vk+k2+4y

16ck

and >

& k < 4. Therefore, the tax credit card users pay is decreasing, and the
difference between the taxes is increasing, as demand becomes more elastic. The effect of elasticity on

the tax cash users pay is ambiguous. When &k < 3, Zcn, 18 decreasing as k increases, while when k > 3 1t

16k3c

is decreasing if and only if ¢t < o

The equilibrium price credit card users pay is P = 2} P™ = %’m < P™ and the equilib-

2_ .
rium price cash card users pay is P" = 25, P = uﬁ&i%&,f?&t?; ML P™. It can be verified that

both prices are increasing in .

A.3 Proof of Proposition 2

The effect of merchant market power on the taxes is: 2z

3and%<0.

8zch

>0«

The effect of the degree of differentiation between cash and credlt on the taxes i

k > 3 4 and 7( ch~Zcc)

> 0.
From (4.12), it can be verified that ‘% >0 k<3 4 and 8T1 < 0.
It can be verified, using (4.13), that dﬂN <0,ift < IGCk

Using (4.14), while %[—vm > 0 for low =, because II"™ = 0 at v = 0, we have shown numerically that

for a wide range of permissible parameter values 11" is inverse U-shaped in ~.
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A.4 Proof of Proposition 3

We differentiate (4.13) with respect to ¢ to derive

677/\/(zjc,z;kh) . (16(2;7)>k ((16;6213157)% .

ot 16

following from the condition in Lemma 1. Hence, a higher ¢, which serves as a proxy for a higher

network market power, increases the equilibrium profits of the network.
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