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Abstract

High markups, frequent customer solicitations, and long-term relationships between consumers

and lenders are salient features of the credit card market. A recent literature accounts for these

features via search and matching. We show that such high markups are associated with excess

credit card offers and a deadweight loss due to market power. The optimal rate cap leads to ef-

ficiency gains equivalent to 1 percent of income (25% of the value of credit access). The main

beneficiaries are asset-poor consumers with a credit card and incumbent lenders. Further, most

of the gains are realized along the transition, which highlights the inter-generational trade-offs

of regulation in the presence of long-term relationships.
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*We thank Igor Livshits, Barış Kaymak, Kyle Dempsey, and the audience of talks at SAET, MEA, Annual Work-
shop of Southern Ontario Macroeconomists, Université de Montréal, and Dalhousie University. Gajendran Raveen-
dranathan and Georgios Stefanidis thank the SSHRC for the Insight Development Grant 430-2021-00075.

†McMaster University. E-mail: raveeg1@mcmaster.ca
‡York University. E-mail: stefa107@yorku.ca
§Université de Montréal and CIREQ. E-mail: guillaume.sublet@umontreal.ca

1



1 Introduction

Prominent features of the U.S. credit card industry are high markups, frequent customer so-
licitations, and long-term relationships between consumers and lenders. A recent class of models
builds on the early quantitative models of the credit card market to incorporate these features via
search and matching between consumers and lenders.1 This recent approach is well-suited to study
the costs of the markups observed in the credit card industry and regulation.

In this paper, we study inefficiencies in a search-and-matching environment of the credit card
market and evaluate a policy—a cap on interest rates—that can alleviate them. We model customer
solicitations as take-it-or-leave-it offers, which gives the lender market power due to the implicit
search cost: a borrower who rejects an offer has to search for another offer.

Our paper makes three main contributions. First, we show that the unregulated equilibrium
features inefficiently high markups and an inefficiently high frequency of customer solicitations.
Second, we quantify the efficiency gains from a rate cap. In particular, the optimal cap reduces
the average markups by 5.72 percentage points and the number of customer solicitations by 73.33
percent.2 The efficiency gains are equivalent to a onetime transfer worth 1% of average annual
income, which amounts to 25% of the value of credit access.

Third, we determine who benefits from the optimal rate cap. The main beneficiaries are asset-
poor consumers with a credit card and incumbent lenders. This result stems from modeling long-
term credit relationships, which refines our answer to who benefits from financial regulation. Even
without long-term relationships, consumers who benefit the most from financial regulation are the
asset poor who depend the most on credit to smooth their consumption. However, modeling long-
term credit relationships reveals that while some asset poor consumers significantly benefit, others
are hurt. A consumer’s existing access to a long-term credit relationship is a key determinant of
the effect of the policy. The intuition is that having a credit card when the policy is implemented
dampens a consumer’s exposure to the drop in access to new credit offer resulting from fewer cus-
tomer solicitations. Although fewer customer solicitations are associated with a lower likelihood
of credit access, the drop in customer solicitations is beneficial overall in our model of long-term
credit relationships because there are increasing returns to lending (i.e., the average cost of lending
is decreasing because of the fixed cost associated with a credit offer). Consequently, incumbent
lenders also benefit from a rate cap.

1For recent empirical evidence on markups in the credit card industry, see Dempsey and Ionescu (2023). For the
recent strand of the quantitative literature, see Drozd and Nosal (2008), Mateos-Planas and Ríos-Rull (2013), Braxton,
Herkenhoff, and Phillips (2019), Raveendranathan (2020), and Raveendranathan and Stefanidis (2022). For the early
quantitative papers of the credit card market, see Athreya (2002), Chatterjee, Corbae, Nakajima, and Rios-Rull (2007),
and Livshits, MacGee, and Tertilt (2007).

2The markup is computed as the average credit card interest rate net of the risk free rate, transaction cost, and the
charge-off rate.
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Our analysis starts by making our two main points—on the inefficiency of the credit market and
on who benefits from a rate cap—in a stylized model of the credit market with search and match-
ing. In the model, homogenous consumers already have access to credit at a predetermined rate.
Homogenous lenders can pay a fixed cost to send solicitations to poach consumers. A matching
function governs the probability that borrowers and lenders match, and competitive entry deter-
mines the equilibrium frequency of customer solicitations. The lender exercises its market power
with a take-it-or-leave-it offer. To gain insights on who benefits from a rate cap, we study the
preferred cap of consumers as a function of their existing access to credit.

We use the stylized model to show that the markups and the frequency of customer solicitations
are inefficiently high irrespective of the existing credit access of the consumer. The markups are
inefficiently high in the unregulated equilibrium simply due to the market power of the lenders. In
addition, competition for the profits associated with the high markups leads to too many customer
solicitations. We formalize this argument with a modified-Hosios condition. Our modification of
the Hosios condition accounts for the endogenous determination of the surplus from a match as a
function of the interest rate.3

Using the modified-Hosios condition, we also show that the preferred cap differs depending
on existing credit access. The preferred cap for consumers without a credit card is less stringent
than that for consumers with a credit card. The heterogeneity in the preferred cap across con-
sumers, along with the inefficiencies highlighted in the previous paragraph, calls for a quantitative
evaluation of a rate cap.

We enrich the stylized model to build a quantitative search-and-matching model of revolv-
ing credit lines with heterogenous consumers. The model features endogenous markups and an
endogenous frequency of customer solicitations—like in the stylized model—as well as an en-
dogenous joint distribution of consumers’ wealth and terms of the long-term credit relationships
that lenders chose in the past. The quantitative model also features a rich life-cycle dynamics of
the consumers’ income, consumer default, and endogenous credit limits on the credit lines offered
by the lenders. Our main exercise is to study a uniform rate cap on new credit line issuances and
compute transitions from the steady state equilibrium of the unregulated economy to the steady
state equilibrium of the regulated economy.

We begin our quantitative analysis by calibrating the model to salient moments of the 2019 U.S.
credit card market, and then verifying the model’s fit to non-targeted moments that are essential to
answer our research questions. The moments we target are the total outstanding revolving credit,
the charge-off rate, and the share of the population with credit cards. In terms of the model’s fit
to non-targeted moments, the calibrated model replicates well the average markups in the data.

3Hosios (1990) derived conditions for the efficiency of search equilibria in environments with a fixed surplus from
a match.
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Further, the model performs remarkably well in replicating the distribution of credit utilization,
which we measure in the data as the the shares of the population with utilization rates that are
higher than 50 and 75 percent of their credit limit.

First, we quantify the effect of a rate cap on consumer protection and credit access. We find
that a rate cap is effective at protecting consumers against inefficiently high markups. Despite
the heterogeneity in the distribution of consumers, the rate cap reduces the average spread almost
linearly. In contrast, the effect on credit access is highly non-linear. The fall in credit access from
a marginal tightening of the policy is small when the policy is loose and big when the policy is
tight. We attribute this non-linear response to the hyperbolic relationship between credit access
and profits implied by the competitive entry condition.

Second, we determine the optimal uniform rate cap. The optimal rate cap brings down the
average markups by 5.72 percentage points and reduces customer solicitations by 73.33%. The
total gains are equivalent to 1.00% of income (i.e., 25% of the value of credit access). Most of the
gains accrue to consumers with a credit card and incumbent lenders, with a split roughly equal to
two-third and one-third, respectively. For consumers with a credit card at the time of the reform,
the benefit of a lower markup on new offers significantly exceeds the cost of the lower likelihood of
new offers. In contrast, future generations of consumers are slightly worse-off, which reveals the
intergenerational tradeoff associated with rate caps. On the supply side, incumbent lenders benefit
from the lower likelihood of customer solicitations when a rate cap curtails the competition. There
is no intergenerational tradeoff on the supply side in the sense that entrant lenders make zero profit
in expectation, with or without a rate cap.

Finally, we refine our answer to who benefits from a rate cap by studying the joint distribution
of consumer income, debt, credit access, and welfare gains following the implementation of the
optimal rate cap. While most consumers are unaffected, a significant share of consumers experi-
ence large gains and a smaller share experience large losses. The unaffected consumers tend to
have high assets and be older than 50. Among those most affected, nearly 3% of consumers expe-
rience gains worth 5% of their income, whereas 0.2% of consumers experience losses worth 5% of
their income. In comparison to the consumers who experience losses, the consumers who benefit
tend to be younger, have higher income, and already have access to credit at the time of the reform.
We show how existing access to credit is a determining characteristic of those who gain from the
optimal rate cap, which underscores the importance of the revolving nature of credit.

Related literature. Recently, several studies have highlighted the potential benefits of interest
rate caps in the credit card market (e.g., Hatchondo and Martinez (2017), Galenianos and Gavazza
(2021), Bethune, Saldain, and Young (2022), and Galenianos, Law, and Nosal (2023), which we
discuss in the next paragraph). We contribute to this literature by showing that a rate cap, in
addition to lowering markups, reduces an inefficiently large number of equilibrium credit offers.
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Further, our study shows that the gains from a rate cap are larger when one takes transition paths
into account in the presence of long-term revolving contracts, which is a key feature of the credit
card market.

Hatchondo and Martinez (2017) illustrate how a rate cap can lead to gains even in a perfectly
competitive credit card market, as in the models of Chatterjee, Corbae, Nakajima, and Rios-Rull
(2007) and Livshits, MacGee, and Tertilt (2007). The authors find that an interest rate cap improves
welfare in a model with debt dilution due to non-exclusive borrowing contracts.4 The remaining
studies highlight welfare gains from a rate cap in structural models in which the lender has some
degree of market power. Galenianos and Gavazza (2021) propose a static framework with infor-
mational frictions, search intensity, and product differentiation to account for credit card interest
rates that are high and dispersed. They consider a mechanism in which a rate cap lowers search
intensity, thereby leading to an increase in the average interest rate. They find that quantitatively
this mechanism does not overturn the direct impact of a rate cap on the average interest rate, and
that the cap generates gains. Bethune, Saldain, and Young (2022) study how rate caps can deliver
gains in the presence of lenders with market power and households with some degree of financial
illiteracy. Galenianos, Law, and Nosal (2023) consider an environment in which consumers search
for competitive lenders with the outside option of borrowing from a monopolist in the event of
not matching with a competitive lender. They find that a rate cap generates welfare gains through
general equilibrium effects that lead more consumers to become borrowers.

Our paper also contributes to the structural literature that extends the standard consumer credit
model (e.g., Chatterjee, Corbae, Nakajima, and Rios-Rull (2007) and Livshits, MacGee, and Tertilt
(2007)), to allow for credit lines, search frictions, and long-term lending relationships, which tend
to be computationally demanding (e.g., Drozd and Nosal (2008), Mateos-Planas and Ríos-Rull
(2013), Braxton, Herkenhoff, and Phillips (2019), Raveendranathan (2020), and Raveendranathan
and Stefanidis (2022)). A common question raised is, what is the additional insight gained from
incorporating credit lines, search frictions, and long-term lending relationships? Our analysis of
rate caps contributes to this recent class of models by highlighting the significance of lending
relationships and search frictions in the analysis of rate caps.

Our work also complements the structural literature that analyzes other regulatory interventions
in the credit card market. Chatterjee, Corbae, Nakajima, and Rios-Rull (2007) and Nakajima
(2017) analyze the Bankruptcy Abuse Prevention and Consumer Protection Act implemented in
2005. Exler, Livshits, MacGee, and Tertilt (2021) analyze various policies related to the credit
card market (e.g., financial literacy education, reducing default costs, increasing borrowing costs,
and debt limits) in the presence of consumers who are over-optimistic about their earnings. Nelson

4Without debt dilution, Nakajima (2017) finds that consumers’ short-sightedness does not justify imposing an
interest rate cap.
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(2020) studies the restrictions on interest rate hikes imposed by the Credit CARD Act of 2009.
More generally, our paper contributes to the literature on efficiency in models with search

frictions as well (see Hosios (1990)). Our finding complements the generalized Hosios condition
found in Mangin and Julien (2021) for environments with an endogenous surplus. Mangin and
Julien (2021) characterize the efficient allocation in search models in which the surplus depends on
the extensive margin of trade through the market tightness. In our setting, the surplus is endogenous
because we model the intensive margin of trade within a match and the surplus is inefficiently
low because of the lender market power. Further, our modeling of the lenders’ market power
is reminiscent of the modeling of monopsonistic firms in the wage-posting literature. Albrecht
and Jovanovic (1986) study the efficiency of monopsonistic search equilibrium in a wage-posting
model. In our setting, the arrival rate is endogenous as in the DMP literature and the surplus from
a match is also endogenous.

2 A simple model of the costs and benefits of a rate cap

In this section, we study the need for regulation in the form of a cap on interest rates and the
endogenous response of credit access to the cap. The need for regulation comes from two sources
of inefficiency resulting from the lenders’ market power: a deadweight loss caused by inefficiently
high interest rates, and a congestion externality associated with credit offers. We show how a rate
cap can reduce the deadweight loss and address the congestion externality by redistributing part
of the surplus created by new entrant lenders to the consumers and incumbent lenders. In Section
3, we embed the two-period model of this section in a quantitative model of the credit market to
quantify total gains and determine who benefits from a rate cap.

2.1 Environment

The economic environment features credit lines, lender market power, and competitive entry in
a model of search.5 For simplicity, consumers are homogenous, which corresponds to a submarket
in our quantitative framework. A submarket regroups consumers that are indistinguishable to a
lender. Consider a submarket in which a unit mass of borrowers have access to credit at the gross
rate charged by the incumbent RI .6 An entrant lender pays κ to solicit consumers of a submarket.

5Our motivation to model competitive entry of lenders to the credit market is the observed high elasticity of credit
offers to past policy changes. Drozd and Kowalik (2019) show that the number of credit card teasers declined drasti-
cally following the Credit CARD Act of 2009 and the Great Recession. They show that mail-in solicitations declined
by 75 percent, and consequently, promotional debt as a share of total debt declined from 35 to roughly 20 percent.

6A submarket in which consumers do not already have access to credit corresponds to the case of a prohibitively
large rate charged by the incumbent, e.g., RI = ∞. In the quantitative section to follow, the rate charged by an
incumbent is endogenous. It is the rate chosen by some entrant lender in the past.
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We refer to the solicitations of consumers as entering a submarket. The mass of entrant lenders v
and the mass of borrowers u determine the mass of matches according to the matching function
M(u, v). The matching function is assumed to be continuous, non-negative, increasing in both
arguments, concave, and has constant returns to scale. A matched lender chooses a rate at which
to extend a take-it-or-leave-it offer of credit. The probability that a borrower receives a credit
offer from an entrant is p(v) = M(1, v), where u is normalized to one. The probability that
an entrant gets to make a credit offer is p(v)/v. In this section, v is the market tightness, which
measures the frequency of customer solicitations. We endogenize the distribution of borrowers
across submarkets in the next section.

We begin with the payoffs of borrowers and lenders once the prevailing interest rate is R. Once
these payoffs have been established, we discuss how the interest rate is set. The indirect utility of
a borrower, V (R), is derived from the following utility maximization problem,

V (R) = max
b≥0

1

β
U(y + b) + (y −Rb),

where U is a strictly increasing and strictly concave function that satisfies Inada conditions, and
U ′(y) > β guarantees a demand for borrowing for low enough R, which we denote by b(R).
For the purpose of the section, quasi-linearity allows us to evaluate social welfare by adding the
borrower’s surplus to the profits of the lenders because a quasi-linear utility function measures
utility in terms of money.

The lender’s profits are Π(R) = Rb(R)− b(R), where the cost of funds for lenders is normal-
ized to one.7 The profit function is assumed to be concave and we denote by R̄ the rate that maxi-
mizes profits.8 Maximum profits are assumed to exceed the cost of entry, i.e., Π(R̄) ≥ κ.9 We de-
note the lowest rate at which profits cover the cost of entry by R; that is, R = min{R|Π(R) = κ}.
In Appendix A.1, we depict the profit function and the two thresholds in Figure 6.

A matched entrant’s profit depends on whether the borrower accepts the offer. A borrower
rejects a higher rate than the incumbent’s rate, in which case the entrant makes no profits. In
contrast, if the rate offered by the entrant lender is lower than the incumbents’ rate, the borrower
accepts the offer. Therefore, given a choice of interest rate, R, the entrant’s ex-post profit is simply
1{R≤RI}Π(R).

Entry in the credit card market is competitive in the sense that there are no barriers to entry
besides the fixed cost κ. If ex-post entrant profits, denoted ΠE , do not cover the cost of entry, i.e.,
ΠE < κ, then there is no entry in the market. In contrast, if ex-post entrant profits are large enough,

7We break a tie where the entrant lender matches the rate offered by the incumbent in favor of the entrant lender
for clarity of exposition.

8The profit function is concave for U(c) = ln(c) for instance.
9Otherwise this submarket would not, and should not, exist.
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i.e., ΠE ≥ κ, competition for borrowers attracts entrants to the point at which the expected profits
of an entrant charging R, net of the cost of entry, is zero,

p(v)

v
ΠE = κ. (1)

Condition (1) implies that the mass of entrants driven by competitive entry is increasing with
profits. For a consumer, the probability to receive an offer, p(v), is increasing with profits. In
contrast, for a lender, the probability of getting to make an offer of credit is decreasing with profits.

2.2 Equilibrium

An equilibrium for a submarket is a rate R and a mass of entrants v such that the mass of
entrants satisfies the competitive-entry condition (1) and matched entrants optimize, i.e., R =

arg maxR 1{R≤RI}Π(R).
The equilibrium depends on the incumbents’ interest rate. The entrant optimizes by offering

a rate equal to the incumbents’ rate, unless the incumbents’ rate lies above R̄ in which case the
entrant offers R̄. Hence, the equilibrium is characterized by R = min(RI , R̄). Incumbent’s cutoff
rate R determines whether enough profits are being made for entry to take place.

The characterization of equilibrium shows that there are three types of submarkets. First, for
a submarket with RI ≤ R, the incumbents offer credit at a sufficiently low rate that there is no
entry. Second, for a submarket with R < RI ≤ R̄, a matched entrant lender captures the profits of
an incumbent without improving the borrower’s welfare. Third, for a submarket with RI > R̄, a
matched entrant improves the borrower’s welfare.

The essential properties of the economic environment for our normative analysis is that the
indirect utility V of the consumer is decreasing with the interest rate, and the total surplus—which
is V + Π (the sum of the indirect utility and the ex-post profits)—is decreasing with the interest
rate for an interest rate above the marginal cost of fund, i.e., for R ≥ 1.

2.3 Optimal cap on interest rates

To identify the tradeoffs involved in setting a cap on entrants’ interest rates optimally, we first
characterize the optimal cap for each submarket.

Consider a submarket with access to credit at rate RI . A matched entrant offering an interest
rate R ≤ RI increases the total surplus by the difference between the surplus at R and the surplus
at RI , that is V (R) + Π(R)− V (RI)−Π(RI). A match occurs with probability p(v) and the cost
of entry is κ. An optimal cap R∗ on the interest rate charged by entrant lenders is such that there
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exists a mass of entrants v∗ for which

(R∗, v∗) ∈ arg max
R,v

1{R≥R}
(
p(v)(V (R) + Π(R)− V (RI)− Π(RI))− κv

)
(2)

s.t. p(v)Π(R)− κv = 0,

where the indicator function and the constraint capture the two parts to the competitive-entry con-
dition. The indicator function captures that a cap below R would imply zero entry. The constraint
captures the limit that competitive entry puts on what a cap on interest rates can achieve. Without
the constraint, the regulator could choose the interest rate cap and the mass of entrants to indepen-
dently target the two objectives of maximizing the surplus conditional on a match and guaranteeing
an efficient posting of credit offers.

The incumbents’ interest rate determines whether entrant lenders are socially desirable for a
given submarket. Entry is desirable when the expected creation of surplus by the entrants is larger
than the cost of entry. We denote the set of submarkets, indexed by the incumbents’ interest rate
RI , for which entry is socially desirable by H . Formally,

H = {RI | p(v)(U(R)+Π(R)−U(RI)−Π(RI)) > κv for some R and v such that p(v)Π(R) = κv}.

In Appendix A, we show that the set is an interval of the form H = (RH ,∞). If the incumbent’s
interest rate is below RH , even the maximum surplus entrants can create does not cover the cost of
entry. The maximum surplus an entrant can create is achieved by offering the lowest rate at which
profits cover the cost of entry R. In Appendix A, Claim 1 shows that the threshold RH solves the
following equation: U(R) + Π(R) − U(RH) − Π(RH) = κ. It implies that R < RH . The two
thresholds R and RH partition the set of submarkets into three intervals, denoted L for low, M
for medium, and H for high, where L = [1,R] and M = (R, RH ]. The optimal cap depends on
whether the incumbents’ interest rate is low, medium, or high.

A cap on interest rates may not bind for some submarkets. We show that the cap does not bind
for submarkets with a low incumbents’ interest rate because potential lenders do not enter, even in
the absence of a cap on the interest rate they can offer. As a result, submarkets with a low interest
rate are unaffected by a cap on interest rates set by entrants.

Proposition 1. For submarkets with RI ∈ L, a solution to (2) has v∗ = 0 and the cap R∗ is

indeterminate.

The proof is in Appendix A. The upshot for our quantitative analysis is that submarkets with
low interest rates offered by incumbents do not matter for the determination of the optimal cap.

In contrast, for submarkets with RI > R, a cap does have welfare implications. The optimal
cap depends on whether entry is socially desirable. For a submarket with RI ∈ M , although
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potential lenders have an incentive to enter, entry is not socially desirable. As a result, a cap that
discourages entry is optimal for such submarkets.

Proposition 2. For submarkets with RI ∈M , any cap R∗ ≤ R is optimal.

The proof is in Appendix A. The upshot for our quantitative analysis is that submarkets for
which consumers access credit at an interest rate that is sufficiently low make a case for a tight cap
to discourage entry.

For a submarket in which RI > RH , the optimal cap balances two objectives. The first objec-
tive is to overcome the congestion externality caused by lender market power. The second objective
is to curb the deadweight loss associated with the markups due to the lenders’ market power. The
optimal cap implements a modified Hosios condition where the modification accounts for the vary-
ing surplus as a function of the cap on interest rates. The two objectives are captured by the two
conditions below and the Lagrange multiplier µ determines the extent to which the two objectives
are in conflict. The modified-Hosios (1990) condition is

p′(v∗)v∗

p(v∗)
=

(1 + µ)Π(R∗)

V (R∗) + (1 + µ)Π(R∗)− V (RI)− Π(RI)
· (3)

The second condition is that the optimal rate cap achieves the largest possible total surplus (i.e.,
minimizes the deadweight loss),

V ′(R∗) + Π′(R∗) = −µΠ′(R∗). (4)

If total surplus did not depend on the interest rate then the two objectives would not be in conflict
and µ = 0 in (3). In this case, equation (3) is the familiar Hosios (1990) condition. This condition
dictates that constrained efficiency is achieved if the elasticity of the matching probability equals
the share of the surplus created by a match that goes to the entrant lender. The interpretation of this
condition is that if entrants receive too large a share of the surplus then they congest the credit card
market, i.e., there is inefficiently high entry. The optimal rate cap needs to achieve an additional
objective resulting to µ > 0. In particular, in addition to the usual Hosios (1990) congestion
externality, inefficient markups charged by the lenders are taken into account. The planner further
tightens the rate cap to reduce these markups at the expense of less efficient entry.

To argue that the equilibrium is not efficient in the case where the incumbent’s rate is larger than
R̄, we compare the equilibrium outcome to the efficient outcome. Because, the lender maximizes
profits in equilibrium, the marginal profit is zero. Arguing by contradiction, suppose that the
condition (4) holds in equilibrium, then a zero marginal profit implies that the tension between the
two objectives would have to be infinite so that 1/µ = 0. The right-hand side of the modified

9



Hosios condition (3) would be one, which is not the case in equilibrium.10 Hence, the lenders’
market power causes the equilibrium interest rate R and the frequency of customer solicitations
v to be inefficiently high. The intuition is that on the margin reducing entrant interest rate does
not impact entry (since the marginal profit is zero), whereas it improves consumer welfare (since
consumers borrow).

Proposition 3. For submarkets with RI ∈ H , the optimal cap R∗ and the mass of entrants v∗

satisfy the competitive entry condition (1), and the modified Hosios condition (3) and (4) for a

scalar µ.

The proof is in Appendix A. The balance achieved by the optimal cap characterized in Propo-
sition 3 is heterogenous across submarkets.

Note that the incumbent lender may also benefit from a rate cap. In particular, as long as there
is equilibrium entry (regions M and H), a tightening of the entrant interest rate reduces entry,
thereby reducing the competition faced by the incumbent. As a result, in these cases, a rate cap
increases incumbents’ expected profits.

The next proposition shows that the need to preserve the lenders’ incentive to enter is strongest
for submarkets with borrowers who do not have existing access to credit.

Proposition 4 (Comparative statics). All else equal, the optimal cap for a submarket in which

borrowers already have access to credit (i.e., RI < ∞) is tighter than the optimal cap for a

submarket in which borrowers do not have access to credit (i.e., RI =∞).

The proof is in Appendix A. The intuition for the proposition comes from comparing marginal
benefits across submarkets. Consider two submarkets that differ only because for one submarket,
borrowers do not have access to credit, i.e., RI = ∞, whereas for the other submarket RI < ∞.
Conditional upon entry, although a cap generates more surplus in the submarket without existing
access to credit, the marginal benefit of increasing the surplus is the same across submarkets (see
the left-hand side of (4)). In contrast, the marginal benefit of entry is higher for a submarket without
existing access to credit.

The next section sets up a lifecycle economy with endogenous flows of borrowers and lenders
across many submarkets and default. In addition, borrowers face uninsurable income risk. Note

10To see why this condition violates the standard assumptions we have made on matching functions suppose the
matching function is Cobb-Douglas, i.e., M(u, v) = vαu1−α. In this case, the elasticity of the matching probability is
constant and equals α. Therefore, the matching function would have to be constant in the mass of credit card searchers
(i.e., α = 1), which violates standard matching function assumptions. In general, for a matching function displaying
constant returns to scale that is strictly increasing in both arguments, the elasticity of the matching probability has to
be strictly between zero and one. Constant returns to scale imply the following identity: d lnM(u,v)

d ln v + d lnM(u,v)
d lnu = 1.

Since the matching function is strictly increasing in both arguments, both elasticities are positive. Therefore, both
elasticities are between zero and one.
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that uninsurable income risk does not alter the qualitative findings of this section because the pre-
cautionary saving motive in the face of idiosyncratic risk only dampens the surplus from accessing
more affordable credit. The best cap for the credit market as a whole, which we find through nu-
merical simulations, balances the heterogenous welfare effects across an endogenously evolving
distribution of submarkets.

3 Quantitative model

In this section, we embed the mechanism of our two-period model in a quantitative model of
the credit market. We use the framework of Raveendranathan and Stefanidis (2022), which builds
on Drozd and Nosal (2008), Mateos-Planas and Ríos-Rull (2013), and Raveendranathan (2020).
In particular, consumers and credit card firms engage in search and matching: the consumer’s
borrowing decision is distorted due to interest rates with a markup while the lenders posting credit
offers do not internalize the congestion externality. In our quantitative model of credit lines, the
distribution of consumers characteristics is richer than in heterogeneous agents models of short
term credit because, with long-term credit relationships, the equilibrium dynamics depends on the
active credit lines that lenders have committed to in the past.

The economy is a small open economy with overlapping generations of consumers and credit
card firms. They maximize lifetime utility by making decisions on consumption, savings/borrowing,
and default/repayment. Consumers face idiosyncratic earnings shocks and shocks over the default
and repayment decision. Credit card firms make a discrete decision of whether to enter a submarket
given the associated fixed cost. Upon matching with a consumer, the credit card firm maximizes its
profits by choosing the terms of the credit card contract: a borrowing premium over the risk-free
rate and a credit limit.

Our assumptions about the credit card contract are motivated by features of the U.S. credit card
market in 2019. The Credit CARD Act of 2009, which is still in effect in 2019, restricts rate hikes
on existing balances. We model the restriction on rate hikes by having the lender commit to the
borrowing premium. The borrowing premium captures the interest rate margin on credit cards over
the index rate. A cap on the borrowing premium is the focus of this paper. Finally, the lender can
increase the limit, but cannot decrease it.11 This assumption is in line with evidence whereby credit
card firms initially issue accounts with low limits and then increase the limit over time.

Consumers live up to J periods with j denoting their age. Consumer i of age j survives to
j + 1 with probability ψj . She supplies labor inelastically until retirement. In retirement, she
does not work, but receives Social Security. Her idiosyncratic productivity consists of a permanent

11Allowing lenders to decrease limits in the model results in a frequency of defaults that is too small compared to
the data.
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component θi, a persistent AR(1) component ηi,j , and a transitory iid component γi,j . Her earning
state is ε = (θ, η, γ). Her working-age earnings are yj,ε = (1 − τ)θηγνj , where τ is the Social
Security tax rate and νj is the deterministic life cycle productivity. After retiring, she earns Social
Security benefits, denoted SSθ, which are a function of her permanent income component.

Outside of the default period, a consumer can save. Credit standing determines whether she
has access to revolving credit through a credit card contract. The terms of a credit card, which
may differ across borrowers, are the credit card limit b̄ and the credit card borrowing premium τq.
Finally, we model the various spending needs often associated with defaults (Chapter 7 bankrupt-
cies), such as health care bills, divorce, and lawsuits, as taste shocks. The consumer faces extreme
value type 1 taste shocks ζR and ζD over repayment and default, which are drawn from a Gumbel
distribution centered around zero with a scale parameter ξ.

To summarize, a consumer is identified by (j, b, ε, b̄, τq), which denotes her age, debt/asset
level, the vector of productivity components, and the credit card terms. We denote a consumer
without credit access by (j, b, ε) or as a consumer with a borrowing limit b̄ = 0, whichever makes
the notation simpler.

In the model, the credit market is finely segmented into submarkets. The fine segmentation
reflects the extensive information about borrowers, such as existing balances and lines of credit,
available to lenders in the U.S. credit market. Search is targeted (random within a submarket)
and credit card firms tailor their credit offers to the characteristics of the submarket. A submar-
ket regroups consumers that are indistinguishable to a borrower. We index a submarket by the
idiosyncratic state variable of the consumer except for the transitory component γ.12 To be precise,
a consumer with idiosyncratic state (j, b, θ, η, γ, b̄, τq) searches in submarket (j, b, θ, η, b̄, τq). The
probability to receive a credit offer is the fraction of successful matches p = M(u, v)/u, where
the mass of borrowers u and the mass of credit card firms v is submarket specific. The object
p(j, b, θ, η, b̄, τq) indexes the probability by the characteristics of the submarket.

3.1 Credit card firms

The market structure blends elements of competition and market power. Lenders compete to be
matched to a consumer. Once matched, lenders exercise their market power. The search friction,
which we calibrate in the next section, governs the strength of competition and market power.

Lenders compete for borrowers by paying the cost κ to enter a submarket if it is profitable to
do so. As a result, entrant firms make no profits in expectation. The competitive entry condition
(1) determines the mass of entrants in each submarket as a function of the profits from a match,

12The implicit assumption is that the offer is sent before the transitory component of earnings realizes. It facilitates
computation by adding smoothness to the lender’s ex post profit function, as in Mateos-Planas and Ríos-Rull (2013)
where the lender doesn’t observe the consumer’s default and switching costs.
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which we specify next.
Lenders are assumed to have market power within a long-term credit relationship. In particular,

a matched lender makes a take-it-or-leave-it offer of credit upon a match with a consumer. The
terms of the offer specify a credit card limit b̄C and a credit card borrowing premium τCq . Tar-
geted search implies that the terms are specific to each submarket (j, b, θ, η, b̄, τq). The credit card
contract is chosen as follows:

ΠC
(
j, b, θ, η, b̄, τq

)
= max

τCq ≤τ̄q , b̄C

{
EγΠ

(
j, b, ε, b̄C , τCq

)}
−max{b, 0}, (5)

subject to EγWC
(
j, b, ε, b̄C , τCq

)
≥ EγW

C
(
j, b, ε, b̄I(j, b, θ, η, b̄, τq), τq

)
where Π without a superscript denotes the profits to a credit card firm matched to a consumer in
submarket (j, b, ε, b̄, τq). We characterize Π below. The profits are averaged out over the possible
realizations of γ because credit card firms decide on the credit card terms before observing the con-
sumers’ transitory earnings component. The participation constraint of new cardholders imposes
that they must benefit by accepting the credit card firm’s offer. The payoffs WC are determined in
Appendix B.1 (equation (14)). The lender cannot offer a premium that exceeds the cap τ̄q.

The problem of the credit card firm matched with a consumer who does not have a credit card
is different from (5) in two ways. First, the consumer does not hold debt, so there is no balance
transfer. Second, the new offer has to be an improvement over not having access to credit. The
problem is formally stated in Appendix B.2.

The incumbent credit card firm may increase the credit limit.13 Their value function is

ΠI
(
j, b, θ, η, b̄, τq

)
= max

b̄I≥b̄

{
EγΠ

(
j, b, ε, b̄I , τq

)}
· (6)

Finally, we characterize the credit card firms’ payoff for a borrowing limit b̄ and borrowing
premium τq as follows:

Π
(
j, b, ε, b̄, τq

)
=
(

1− dC
)
∗

(
max{b, 0} −max{b′, 0}(qj(τq) + τc)+ (7)

Π
(
j, b, ε, b̄, τq

)
=
(

1− dC
)
∗

(
ψj

1 + r
Eε′|ε

[
(1− p̂)ΠI

(
j + 1, b′, θ, η′, b̄, τq

)
+ p̂max{b′, 0}

])
where p̂ = p

(
j + 1, b′, θ′, η′, b̄, τq

)
, b′ = b′

(
j, b, ε, b̄, τq

)
, dC = dC

(
j, b, ε, b̄, τq

)
,

13An exception is the retirement period. To best fit the empirical distribution of default by age, incumbents can
tighten the credit limit (although not tighter than the current debt level) for retired consumers. Results are, however,
not sensitive to this assumption.
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and the consumer’s default probability dC and borrowing b′ policy functions are determined in
Appendix B.1. Assuming the consumer repays, which happens with probability 1− dC , and holds
debt, b > 0, b is the current period inflow for the credit card firm. If the consumer borrows,
b′ > 0, then b′(qj(τq) + τc) is the current period outflow for the credit card firm, where qj(τq) is the
price of borrowing (described below) and τc is the transaction cost. The last term is the expected
continuation value of the match discounted by the conditional survival probability ψj and the risk-
free rate r. The credit card firm’s continuation value depends on whether the consumer receives a
competing offer, which occurs with probability po′=1. A competing offer results in the credit card
firm retrieving any debt, max{b′, 0}, but losing the customer. In the absence of a competing offer,
the credit card firm maintains its contract with the consumer. The payoff to the credit card firm in
this case is that of the incumbent credit card firm, ΠI .

The price of borrowing, denoted qj , depends on the borrowing premium, τq, as well as the age
of the agent, j. It is specified as

qj(τq) =
ψj

1 + r + τq
, (8)

where r is the risk-free interest rate and τq is the lending/borrowing premium, set to zero for
saving. This takes into account the possibility of consumer death (in which case the bank keeps
the consumer’s assets).

In Appendix B, we present the consumers’ problems, describe the functional forms, and define
the equilibrium.

4 Calibration and model validation

To calibrate our computationally demanding quantitative model, we calibrate some parame-
ters externally and others internally. In particular, we calibrate some parameters determining the
preferences and life-cycle of consumers and some parameters of the credit card market externally.
Internally calibrated parameters primarily target moments of the U.S. earnings distribution and the
credit card market in 2019. We choose 2019 because it is ten years after the Great Recession and
the Credit CARD Act of 2009, and prior to the 2020 COVID-19 pandemic. We first discuss the
externally calibrated parameters, then the internally calibrated parameters, and finally validate the
model against non-targeted moments in 2019.

Externally calibrated parameters. Table 1 presents the externally calibrated parameters.
The risk aversion parameter is set to 2, a standard choice in the literature. A period is assumed to
be one year, and the risk-free rate is set to 0.0344 (Gourinchas and Parker, 2002). Consumers of
age 1 in our model correspond to 20-year-olds in the data. The maximum life span, denoted J , is
set to 60 years, which corresponds to age 79 in the data. Retirement, denoted jr, is at age 46, which
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corresponds to age 65 in the data. The conditional survival probability ψj and the deterministic
life cycle productivity νj are estimated using data from the U.S. Census Bureau and Moschini,
Raveendranathan, and Xu (2023) (who use PSID), respectively.

Table 1: Externally calibrated parameters

Parameter Description Value
General
σ Risk aversion Standard in macro literature 2
r Interest rate Gourinchas and Parker (2002) 0.0344

Age-specific
J Maximum age Life span, 20-79 60
jr Retirement age Retire at 65 46
ψj Conditional survival probability U.S. census
νj Life cycle productivity Moschini, Raveendranathan, and Xu (2023)

Credit card market
ζ Matching elasticity parameter Herkenhoff (2019) 0.370
τc Transaction cost Agarwal et al. (2015) 0.034

The matching elasticity parameter for the credit card market ζ is set to 0.37, following Herken-
hoff (2019) and Braxton, Herkenhoff, and Phillips (2019). Herkenhoff (2019) estimates the match-
ing elasticity parameter based on data on direct mail credit card offers from Synovate and credit
applications from the SCF.14 The transaction cost τc is set to 0.034 based on a direct estimate from
data on operational costs from Agarwal et al. (2015).

Internally calibrated parameters. We calibrate the remaining parameters in two steps. In the
first step, we calibrate the productivity process for earnings, which does not require us to solve the
whole model because the earnings distribution is determined exogenously based on the parameters
of the earnings process. The idiosyncratic productivity process includes permanent, persistent,
and transitory components. The idiosyncratic persistent productivity η is assumed to follow a
log AR(1) process given by log η′ = ρη log η + υ′. The innovations for all three processes are
assumed to be iid normal with mean zero and variances given by σ2

θ , σ2
η , and σ2

γ , respectively. This
is discretized using Tauchen (1986). We use 3, 13, and 7 grid points for the permanent, persistent,
and transitory components, respectively. We jointly calibrate the four parameters of the earnings
process, σ2

θ , σ2
η , σ2

γ , and ρη, to target various moments of the U.S. earnings distribution in 2019. The
parameter values and the target moments are presented in Table 2. For the target moments, we use
The Global Repository of Income Dynamics (GRID), which uses longitudinal administrative data

14In Appendix C.2.2, we perform sensitivity analyses for this parameter.
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to compute various statistics related to earnings. Our target moments are the standard deviations
of 1- and 5-year changes in age-free log earnings, standard deviation of age-free log earnings over
3 years, and the auto correlation of age-free log earnings from lags 1 to 5.

Table 2: Internally calibrated parameters: Step 1

Parameter Description Value
σ2
γ Variance transitory component 0.081
σ2
η Variance persistent component 0.108
σ2
θ Variance permanent component 0.337
ρη Persistence 0.732

Target (year = 2019) Data Model
Standard deviation log earnings change: 1 year 0.540 0.551
Standard deviation log earnings change: 5 year 0.764 0.749
Standard deviation log permanent earnings 0.799 0.804
Auto-correlation log earnings lag-1 0.788 0.800
Auto-correlation log earnings lag-2 0.728 0.736
Auto-correlation log earnings lag-3 0.692 0.689
Auto-correlation log earnings lag-4 0.664 0.655
Auto-correlation log earnings lag-5 0.639 0.630

Data source: The Global Repository of Income Dynamics (GRID).

In the second step, we calibrate the five remaining parameters, which require us to solve the
whole model. The five parameters are the cost of credit offer κ, the discount factor β, the stigma
χ, the scaling parameter for extreme value shocks ξ, and the Social Security replacement rate λ.
They are calibrated jointly to match five targets in the year 2019. Table 3 presents the calibration
of these five parameters. Although we describe a relation between each parameter and a target
moment, we emphasize that we estimate them jointly because they affect other target moments
as well. The cost of a credit offer is calibrated to match the population with credit cards (74.68
percent). The discount factor is calibrated to match total revolving credit to disposable income
(5.60 percent). The stigma associated with default is calibrated to match the charge-off rate (3.70
percent of outstanding credit). The scaling parameter for taste shocks is calibrated so that the
fraction of “taste shock” defaults matches the fraction of defaults resulting from health care bills,
divorce, and lawsuits (44.81 percent). “Taste shock” defaults are ones for which the Bellman value
of repayment is greater than the Bellman value of default (false positives). Finally, the Social
Security replacement rate is calibrated to match average Social Security to disposable income per
capita (29.57 percent).

Model validation. The model does well in explaining non-targeted moments of the data. Table
4 compares non-targeted moments from U.S. credit card market data in 2019 to their counterpart
from the model. The population with credit cards that has a positive outstanding balance is 18.32
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Table 3: Internally calibrated parameters: Step 2

Parameter Value Target (year = 2019) Data Model
κ Cost of offer 0.002 Population with CC 74.68 74.50
β Discount factor 0.857 Revolving credit to disposable income 5.60 5.51
χ Stigma 1.130 Charge-off rate 3.70 3.70
ξ Scaling parameter 12.097 Defaults: health care, divorce, lawsuits 44.81 45.79
λ Social Security replacement rate 0.238 Social Security to income pc 29.57 29.58

Data sources: The data on population with CC are from the SCF. Revolving credit data are from FRB G.19. Disposable income data are from the
Bureau of Economic Analysis. Charge-off rate data are from Federal Reserve Economic Data (FRED). The share of defaults related to health care,
divorce, and lawsuits are estimated by Chakravarty and Rhee (1999) using the PSID. Social Security data are from the Bureau of Economic
Analysis.

and 28.93 percent in the model and data, respectively. The model explains all of the average spread
(the difference between the average credit card interest rate and the risk-free rate) observed in the
data (14.90 and 13.05 percentage points in model and data). The average credit card limit per card
holder in the model is 37.14 percent of disposable income per capita, and 26.86 percent in the data.
The model overstates the default rate (0.35 percent in the model and 0.14 percent in the data).
Finally, we report credit card utilization rates. The utilization rate above 50 percent refers to the
population with outstanding balances that exceed 50 percent of their total credit limit. We report
shares for the population with utilization rates above 50 and 75 percent of their total credit limit.
The model does remarkably well in explaining the utilization rates observed in the data despite
them not being targeted in our calibration.15

Table 4: Model validation: non-targeted moments

Variable Model Data (2019)
(unit = percentage or percentage points)

Population with CC debt 18.32 28.93
Average CC interest - Risk free 14.90 13.05
Average CC limit to income 37.14 26.86
Default rate 0.35 0.14
Utilization rate: above 50 percent 10.73 12.45
Utilization rate: above 75 percent 7.26 5.96

Data sources: The average credit card interest rate data are from FRB G.19. For the risk-free interest rate, we use annual returns on the
three-month Treasury bill from FRED. Chapter 7 bankruptcy filings data are from the American Bankruptcy Institute. The data on population with
CC debt, total limits on credit cards, utilization rates, and income are from the SCF.

15Our benchmark calibration overstates both the credit limit and the default rate. In Appendix C.2, we consider two
sensitivity analyses in which we re-do all the exercises in the following alternative calibrations: we target the credit
card limit or the default rate instead of the charge-off rate. Among the three calibrations, the benchmark calibration is
the closest to the data on credit limits, charge-off rate, and default rates, which makes it our preferred calibration.
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5 Quantitative evaluation of a cap on interest rates

We use the calibrated model to quantify efficiency gains from reducing markups and excess
credit offers using a uniform rate cap. We also determine the optimal rate cap and depict the
associated joint distribution of consumers characteristics and welfare changes.

Specifically, we analyze transition paths after a cap on the interest rate of new credit card
issuances is announced unexpectedly. Past policy implementation suggests that a cap on new is-
suances is more commonplace (e.g., in the Credit CARD Act of 2009, various provisions such as
the Ability to Pay were applied only to new issuances).16 Consequently, we highlight the impor-
tance of long-term relationships and transitions for regulation and welfare.

5.1 Tradeoff between consumer protection and credit access across steady
states

We compute the comparative statics of the terms of the credit card contracts and of the share
of the population with access to credit for different stringencies of the interest rate cap. Figures 1a
and 1b plot the equilibrium response of the average terms of the credit card contracts—the spread
and the borrowing limit per card holder—to rate caps of different stringencies. Figure 1c plots
credit access for different stringencies of the interest rate cap. For each of the panels, a value of 10
on the x-axis refers to a maximum borrowing premium of 10 percentage points (τ̄q = 0.1). Going
from the right to the left of a panel depicts the comparative statics of tighter rate caps.

In Figures 1a and 1b, the red-solid lines depict averages computed in the stationary distribution
for card holders in the equilibrium with a given rate cap. The blue-dashed lines depict averages
computed from a partial equilibrium exercise in which we relax the competitive entry condition to
fix the probabilities of credit access at their values from the baseline economy without the rate cap.
Comparing the blue-dashed line to the red-solid line gives a measure of the interaction between
credit access and the terms of the credit lines offered.

As expected, the average spread decreases with rate caps of increasing stringencies (see Figure
1a). The slope of the red line is indicative of the effectiveness of the cap. The rate cap is effective
at bringing the average spread down. Interestingly, Figure 1a reveals that there is no interaction
between credit access and the interest rate offered.

In contrast, the average credit limit increases with the stringency of the rate cap in the bench-
mark model (see red-solid line in Figure 1b). However, the blue-dashed line in Figure 1b suggests
that the increase in limits in the benchmark is driven by selection. That is, once we control for
access, the average credit card limit decreases with the stringency of a rate cap. This is because

16Also, it makes our welfare estimates conservative because if the regulator can alter rates on existing accounts,
they can focus solely on inefficiencies from markups.
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Figure 1: Trade-offs of a cap on interest rates across steady states

(a) Average spread (b) Average credit card limit (c) Population with credit cards

Notes: Figure 1 depicts comparative statics with respect to a rate cap computed in the stationary distribution in the equilibrium with a rate cap.
The x-axis refers to the cap on the borrowing premium τ̄q . For example, a cap = 10 implies that the maximum spread over the risk-free rate is 10
percentage points. Figures 1a and 1b depict the average spread and the average limit for the population with credit cards, respectively. Figure 1c
depicts the percentage of population with credit cards. In Figures 1a and 1b, the red-solid lines depict equilibrium outcomes (the competitive entry
condition (1) holds and determines credit access in equilibrium). The blue-dashed lines depict the outcome of an economy in which the
probabilities of credit access are fixed at their values from the baseline economy without the rate cap (i.e., the competitive entry condition (1) is
relaxed).

with lower interest rates, lenders have an incentive to offer tighter borrowing limits to curb their
exposure to default risk.

In the extensive margin, Figure 1c shows that credit access decreases non-linearly with the
stringency of a rate cap. Intuitively, a rate cap lowers expected profits for credit card firms, which
leads to fewer credit offers. The decrease in credit access from a marginal tightening of the policy
is small when the policy is loose and big when the policy is tight. The non-linearity comes from
the competitive entry condition, which implies a hyperbolic relationship between the probability
of credit access and profits. In the intensive margin of access (i.e., credit limits), the blue-dashed
line in Figure 1b depicts that a tight cap leads entrant lenders to offer tight borrowing limits.

To summarize, from the consumer’s perspective, a rate cap lowers markups almost one-for-
one. However, it restricts access to credit both in the extensive and intensive margin especially for
a marginal tightening when the cap is tight.

5.2 The optimal cap on interest rates

In this section, we translate the comparative statics of a rate cap into its welfare implications,
inclusive of transition dynamics, and determine the optimal rate cap.

Measuring changes in welfare due to the policy. We compute the onetime compensation
transfers that leave the consumers and lenders indifferent between transitioning to the new station-
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ary equilibrium with the rate cap and remaining at the status quo stationary equilibrium without
the rate cap. We do this for each consumer and each lender and aggregate it for four groups of
agents: (1) consumers with a credit credit card, (2) consumers without a credit credit card, (3) all
future generations, and (4) incumbent lenders.17 For future generations, we use the discount factor
1/(1+r) to compute the present value of the compensation transfers. Appendix C.1 contains more
details on the computation of the compensation transfer for consumers. For incumbent lenders,
the computation is straightforward. Because they are risk neutral, their compensation transfer is
simply the difference between the net present value of profits without and with the rate cap.

The sum of compensation transfers measures the change in aggregate welfare due to the policy.
It measures the efficiency gains of the policy because redistributive gains and losses net out to zero
in the aggregate. If the sum of transfers for consumers is positive, then all consumers could be
made strictly better off with the policy if the policy is also combined with lump sum transfers.

Figure 2: Welfare implications of a cap on the borrowing premium

(a) Aggregate (b) By agent group

Notes: Figure 2a depicts total onetime transfers for all agents and Figure 2b depicts total onetime transfers for each group of agents in the
benchmark calibration. The groups of agents are (1) consumers with credit cards in the period of the transition (red-solid line), (2) consumers
without a credit credit card in the period of the transition (black-dotted line), (3) future generations whose welfare is discounted at the rate
1/(1 + r) (gray-dash-dotted line), and (4) incumbent lenders in the period of the transition (blue-dashed line). The x-axis refers to the rate cap
(maximum borrowing premium). For example, a cap = 10 implies that the maximum borrowing premium is 10 percentage points.

Optimal rate cap. We refer to the rate cap that yields the highest aggregate welfare as the
optimal rate cap. Figure 2a depicts the aggregate welfare implications of rate caps of varying
stringencies. The optimal rate cap limits spreads to be below 6.56 percentage points, which is to
be compared to the average spread at 14.90 percentage points in the baseline equilibrium without

17The policy does not affect new issuers’ expected profits. Competitive entry implies that the margin of adjustment
for entrants to the credit market is the mass of entrants because expected profits are competed away (see competitive
entry condition (1)). Incumbent lenders, however, are indirectly affected by the rate cap because the policy may
constrain the credit lines that potential entrants can offer, which in turn may discourage entry.
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the cap. The markup in the baseline computed as the average credit card interest rate net of the
risk free rate, transaction cost, and the charge-off rate decreases by 5.72 percentage points (from
7.80 to 2.08 percentage points). Further, the mass of credit offers falls by 70.33 percent. The total
gains amount to a onetime transfer worth 1.00 percent of initial steady state disposable income.
The optimal cap is interior because of the non-linear effect of a marginal tightening of the cap on
credit access, as shown in Figure 1c.

As expected, the gains are somewhat small relative to the size of the economy, but large relative
to the size of the credit market. Indeed, a large fraction of the population, savers, are not signif-
icantly affected by the rate cap. To gauge the size of the welfare gains relative to the size of the
credit card market, we compute the gains from a transition from an economy without credit cards
to the baseline with credit cards: the gains amount to a onetime transfer worth 4.27 percent of total
initial steady state disposable income. Therefore, the gains from the optimal rate cap are worth 25
percent (≈ 1.00/4.27) of the value of the credit card market.

Decomposition of the aggregate welfare gains. We decompose the aggregate welfare gains
across four groups of agents in Figure 2b. While consumers benefit from a marginal tightening
of a loose cap, for a tight cap, however, a marginal tightening hurts consumers. Hence, although
incumbent lenders benefit monotonically from the lower competition associated with a tighter cap,
the lack of monotonicity in consumer welfare with respect to the stringency of the cap implies that
the optimal cap is interior.

Figure 2b shows how the optimal cap balances the gains from consumer protection and the cost
of lower credit access across different submarkets. Consumers with a credit card prefer a tighter
rate cap than consumers without a credit card or future generations (who also don’t have a credit
card at the beginning of their life cycle). This implication from the quantitative model parallels
proposition 4 in Section 2.3, which shows that the optimal rate cap for a consumer with a credit
card is tighter than that for a consumer without a credit card.

With the optimal uniform rate cap, the gains to the four groups of agents (consumers with a
credit card in t = 2, consumers without a credit card in t = 2, future generations, and incum-
bent lenders) are 0.65, 0.001, -0.03, and 0.38 percent of initial steady state income, respectively.
Therefore, most of the gains accrue to consumers with a credit card and incumbent lenders. This
takeaway is not only true for the optimal rate cap. As Figure 2b shows, even the rate cap that yields
the highest gains for future generations amounts to only 0.11 percent of total initial steady state
income, and even in that case, the gains to consumers with a credit card are larger. This finding
highlights the importance of taking into account the long term credit relationships and transition
paths in analyzing policies that regulate the credit card market.

Having discussed the benefits to consumers, now we focus on the implications for lenders. Note
that without incumbents, i.e., in an environment where credit lines are not revolving, efficiency
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gains only accrue to consumers because competitive entry implies that entrant lenders make zero
expected profits. In our model of revolving credit, some of the efficiency gains accrue to the
incumbents because there are increasing returns to lending (in the sense that the average cost of
lending is decreasing due to the fixed cost of a credit offer).

How incumbent lenders benefit. To provide intuition on how incumbent lenders gain from
the rate cap, we compute flows of consumers across submarkets and profits of lenders under both
the status quo without a cap and the counterfactual scenario with the optimal rate cap. We simulate
the cohort of cardholders at the beginning of the transition both under the status quo and after the
implementation of the optimal rate cap. We compute flows of net revenue, net revenue from bal-
ance transferred accounts, and accounts lost in each period of the transition. Figure 3 depicts these
variables over time. The blue-dashed and red-solid lines depict the totals for the three variables
under the status quo and under the optimal rate cap, respectively.

Figure 3: How incumbent lenders gain along the transition path

(a) Net revenue (b) Revenue from balance transfers (c) Accounts lost

Notes: Figure 3 plots net revenue, net revenue from balance transferred accounts, and mass of lost accounts over time for the cohort of incumbent
lenders in the period of the transition. The red-solid lines refer to the optimal rate cap simulation, and the blue-dashed lines refer to the status quo
simulation.

Figure 3a reveals that the incumbents’ gains take time to materialize. Initially, the incumbents
experience a drop in net revenue due to the optimal rate cap. It is only in subsequent periods that
the incumbents benefit from the policy. The sources of net revenue for the incumbents can be
decomposed into the revenues from current credit lines that the lender retains and revenues from
credit lines whose match breaks at some point during the transition, either because the competition
poaches the consumer (i.e., balance transfers) or because the consumer defaults. Figure 3b depicts
the net revenue from balance transferred accounts.18 At the beginning of the transition, balance
transfers are fewer because of the drop in entry from the competition. The same mechanism has,

18The policy barely affects the dynamics of default.
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however, opposite implications in the medium to long run. Incumbent lenders lose fewer accounts
in the short run with the rate cap (see Figure 3c), which leads to higher net revenue in the later
periods.

5.3 Distributional implications of the optimal rate cap

So far, we have shown that the gains among consumers mostly accrue to those with a credit
card at the time of the reform. In this section, we refine our answer to who benefits from a rate cap
by studying the distribution of welfare changes due to the the rate cap and the associated consumer
characteristics. Additionally, we confirm the predominant role of existing access to revolving credit
at the time of the policy reform in determining who benefits.

While the optimal rate cap brings in aggregate efficiency gains, it also has strong distributional
implications. Figure 4a plots the distribution of welfare gains and losses. The x-axis is an in-
dividual’s onetime compensation transfer normalized by their income. A majority of consumers
(roughly 50%) are barely affected by the policy. However, some consumers experience large gains:
nearly 3% of consumers experience gains worth 5% of their income (rightmost bin). In contrast,
0.2% of consumers experience large losses worth 5% of their income (leftmost bin).

We dive deeper by looking into the distribution of individual characteristics across welfare
gains. Figures 4b, 4c, 4d, and 4e depict the average age, assets, income, and the proportion of credit
card holders across welfare changes due to the reform. The consumers that are barely affected tend
to be older than 50 and asset rich. While being asset rich shields a consumer from the costs and
benefits of the rate cap, being asset poor does not determine who benefits from the rate cap. Indeed,
consumers that are affected by the policy do not differ markedly in their net assets.

However, consumers who benefit differ from those who are hurt both in their average income
and in whether they already have a credit card at the time of the policy reform. Consumers who
gain tend to have high income and a credit card, whereas consumers who lose tend to have low
income and are not as likely to have a credit card. We look at welfare by income and credit card
holding jointly in Figure 5a to determine more finely how consumers of different income and
revolving credit access are affected by the rate cap. Although no clear pattern emerges for the
welfare effect by income across consumers with and without a credit card, the net benefit of the
policy for consumers who have a credit card tend to be quantitatively large relative to those who
don’t have a credit card at the time of the reform, even after controlling for income.19

Next we quantify a key mechanism studied within our stylized model in Section 2: having
a credit card at the time of the policy reform partially shields a consumer from the downside of

19This finding holds across different calibrations (see Figures 8b and 10b in Appendix C.2.1). We do not emphasize
welfare implications by income because they are sensitive to the calibration (see Figures 8a and 10a in Appendix
C.2.1).
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Figure 4: Distribution of welfare gains and the corresponding consumer characteristics

(a) Population share

(b) Average age (c) Average net assets

(d) Average income (e) Population with credit cards

Notes: Figure 4a plots the histogram of welfare gains and losses of the transition to the optimal rate cap for the consumers in the period of the
transition. The x-axis is the onetime equivalent transfer normalized by individual income. The y-axis is the share of population for a given bin on
the x-axis. Figures 4b, 4c, 4d, and 4e depict key characteristics associated with consumers in each bin: aveage age, average net assets, average
income, and population with credit cards
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Figure 5: Welfare by income quintile and existing access to credit

(a) Welfare | Income and Access (b) Welfare without CC: Partial analysis

Notes: Figure 5a depicts the welfare gains for working-age consumers, with and without a credit card at the time of the implementation of the
policy, by income quintile. Figure 5b contrasts the welfare gains for working-age consumers without credit cards (black bars in Figures 5a and
Figure 5b are the same) to the welfare gains those consumers would have had if they had matched with a lender just before the rate cap was
implemented (blue bars).

a lower likelihood of receiving a credit offer. Figure 5a suggests that it is the case. However,
because access to a credit card is an endogenous outcome of our model, we use our calibrated
model to conduct a counterfactual exercise. Figure 5b contrasts the welfare effect of the policy for
those who did not have a credit card to what the welfare effect would have been, had the consumer
matched with a lender just before the reform. Having access to revolving credit at the time of the
reform has a quantitatively large dampening effect on the implicit cost of a lower likelihood of
receiving a credit offer. Consumers who do not have a credit card at the time of the reform value
access to revolving credit at more than 0.5% of their income (for the fifth income quintile), and up
to 1.6% of their income (for the second income quintile).

6 Conclusion

A distinct feature of the US credit card market that has gained attention among the academic
literature and policy makers for several decades is high markups. While the Credit CARD Act of
2009 placed restrictions on prices by limiting interest rate hikes and fees charged, it did not go as
far as imposing a cap on interest rates. Since the enactment of the CARD Act, the consensus in the
structural literature that accounts for high markups has been that a rate cap can be beneficial. How-
ever, this literature has abstracted from frequent customer solicitations and long-term relationships
between consumers and lenders.

We study the interaction between markups and frequent customer solicitations in an envi-
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ronment with long-term relationships between consumers and lenders. A consequence of high
markups are excess credit offers and a consequence of long-term relationships are inter-generational
policy trade-offs. Therefore, a rate cap benefits society by reducing an inefficiently large number of
credit offers in addition to lowering markups. Further, the gains from a rate cap are larger when one
takes transition paths into account in the presence of long-term revolving contracts. More gener-
ally, our study contributes to the understanding of financial regulation by taking into consideration
the aforementioned distinct features of the credit card market.
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A Two period model

A.1 Profits, break-even interest rate, and monopoly interest rate

Figure 6: Ex-post entrant’s profit function

Notes: Figure 6 depicts an example of the entrants’ ex-post profit function that satisfies our assumptions. The profit function is seen to be single
peaked and peaks at a value larger than κ, i.e., Π(R̄) ≥ κ. Finally, the lowest interest rate for which the profits achieved equal the entry cost is R
in the graph.

A.2 Proofs

Claim 1. The set

H = {RI | p(v)(U(R)+π(R)−U(RI)−π(RI)) > κv for some R and v such that p(v)π(R) = κv}

is an interval of the form H = [RH ,∞), where the threshold solves U(R) + π(R) − U(RH) −
π(RH) = κ.

Proof of Claim 1. Rewriting the zero profit condition as p(v)π(R) = κv simplifies the inequality
and the set reads:

H = {RI | p(v)(U(R)− U(RI)− π(RI)) > 0 for some R and v such that p(v)π(R) = κv}.

Because the consumer surplus U is decreasing in R and R is the lowest interest rate compatible
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with the zero-profit condition, we can further simplify the characterization of the set as follows:

H = {RI | U(R)− U(RI)− π(RI) > 0}.

We define RH as follows: U(R) − U(RH) − π(RH) = 0. Because the sum of the consumer and
producer surplus is decreasing in R over the relevant range (i.e., above the marginal cost of funds
which we normalized to 1), we have

H = [RH ,∞).

Since π(R) = κ, the condition defining RH reads, U(R) + π(R)− U(RH)− π(RH) = κ.

Proof of proposition 1. For R < RI , by definition of the break-even interest rate for entrants R,
π(R) ≤ κ and hence the competitive-entry condition gives v∗ = 0. For R ≥ RI , an entrant’s offer
is rejected, π(R) = 0, and v∗ = 0.

Proof of proposition 2. First, we show that the objective of (2) cannot be positive for RI ≤ Rc.
The expected surplus from entry is

p(v)(U(R) + π(R)− U(RI)− π(RI))− κv ≤ 0

for R ≥ R. For R ≤ R, the mass of entrants is null v∗ = 0.

Proof of proposition 3. The condition (1) is the constraint. The conditions (3) and (4) are necessary
for an interior solution, v∗ > 0 and R∗ > 0. The solution for RI > Rc is interior because there
exists a cap and a strictly positive mass of entrants for which the objective of (2) is strictly positive.
Consider R = (RI + Rc)/2. Competitive entry imply a strictly positive mass of entrants because
π(R) > κ. The objective is strictly positive because R > Rc.

Proof of proposition 4. Consider two submarkets that are identical except that borrowers already
have access to credit in the first submarket (i.e., RI1 < ∞), whereas in the second submarket
borrowers do not have time access to credit (i.e., RI2 =∞). The proof has two parts.

First, suppose RI1 ≤ Rc. The result follows by Propositions 2 and 3.
Second, suppose RI1 > Rc, To show that the optimal cap in the submarket with RI1 is tighter

than the optimal cap for the submarket withRI2, we start by showing that forR ∈ [
¯
R,min{RI1, R̄}]

the planner’s objective as a function of the cap is steeper for submarkets in which credit is not avail-
able. The planer’s objective function for a cap R ∈ [

¯
R,min{R1

I , R̄}] is

F (R;RI) = p(v(R))
(
U(R) + π(R)− U(RI)− π(RI)

)
− κv(R),
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where v(R) is the mass of entrant implicitly defined by the free-entry condition (1), which reads
p(v(R))π(R) = κv(R). Comparing the derivatives for the two submarkets give the following:

dF (R;RI2)

dR
− dF (R;RI1)

dR
=
dp′(v(R))

dR

(
U(RI1)− U(RI2)

)
+
dp′(v(R))

dR
π(R1

I) > 0. (9)

Suppose that the optimal cap is tighter in the submarket where credit is not accessible. We index
the caps as follows R∗2 < R∗1. We show that a contradiction ensues. Because R∗1 is optimal for
submarket 1, F (R∗2;RI1) ≤ F (R∗1;RI1). This inequality implies the following:∫ R∗2

0

dF (R;RI1)

dR
dR ≤

∫ R∗1

0

dF (R;RI1)

dR
dR,

which can be rearranged as follows:∫ R∗1

R∗2

dF (R;RI1)

dR
dR ≥ 0.

Inequality (9) implies that the integral of dF (R;RI2)/dR is strictly larger than the integral of
dF (R;RI1)/dR in the range [R∗2, R

∗
1]. As a result the following inequality holds,∫ R∗1

R∗2

dF (R;RI2)

dR
dR > 0.

This is equivalent to F (R∗2;RI2) < F (R∗1;RI2), which contradicts the optimality of a cap at R∗2 for
submarket 2. Therefore, R∗2 ≥ R∗1. To show that the inequality is strict, note that R∗2 6= R∗1 because
dF (R∗1;RI2)/dR > dF (R∗1;RI1)/dR.

B Quantitative model

This section presents the remainder of the quantitative model from Section 3 (i.e., consumer’s
problem, lender’s problem when matched with a consumer without a credit card, functional forms,
and equilibrium definition).
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B.1 Consumers

Problem without credit card: A consumer without a credit card can either repay or default.20

The value function to the consumer before the realization of the extreme value shocks is

W S
(
j, b, ε

)
= EζR,ζD

[
max

DS∈{0,1}
DS
(
V D
(
j, ε
)

+ ζD
)

+
(
1−DS

)(
V S
(
j, b, ε

)
+ ζR

)]
. (10)

Once the taste shocks, (ζR, ζD), have realized, the consumer chooses between defaulting, DS = 1,
or repaying,DS = 0. The (V D(·), V S(·)) terms reflect the “modelled payoff,” specified below, and
the (ζR, ζD) terms reflect the non-modeled payoffs affecting the decision. The expectation taken
is over the extreme value shocks (ζR, ζD).21

The “modeled payoff” of repayment without a credit card is the payoff of a consumer choos-
ing consumption and saving to maximize lifetime utility subject to her budget and no borrowing
constraint. This is given by the following equation:

V S
(
j, b, ε

)
= max

c≥0,b′≤0

{
U(c) + βψjEε′|ε

[
po′=0W

S
(
j + 1, b′, ε′

)
+ (12)

po′=1W
C
(
j + 1, b′, ε′, b̄′, τ ′q

)]}
subject to

c+ b = yj,ε + qj(0)b′,

where

b̄′ = b̄S
(
j + 1, b′, θ, η′

)
, τ ′q = τSq

(
j + 1, b′, θ, η′

)
,

po′=0 = 1− pS
(
j + 1, b′, θ, η′

)
,

po′=1 = pS
(
j + 1, b′, θ, η′

)
,

c is consumption, b′ is next period debt/assets, U(c) is the utility function, and Eε′|ε is the ex-
pectation operator over next period earnings shocks given current period earnings shocks. In the
subsequent period, with probability po′=0, the consumer does not receive a credit offer. The con-

20These consumers do not hold debt in equilibrium. Since revolving credit is the only modeled debt, default at this
stage will occur only from extreme value taste shocks. In this case, default captures bankruptcy due to expense shocks
such as health care bills, lawsuits, and divorce.

21The probability of default prior to realization of (ζR, ζD), which we denote as dS , takes the following form,
standard in the discrete choice literature:

dS(j, b, ε) =
exp
(
ξV D(j, ε)

)
exp
(
ξV D(j, ε)

)
+ exp

(
ξV S(j, b, ε)

) , (11)

where ξ is a scaling parameter that determines the variance of the extreme value shocks.
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tinuation value in this case is W S(j + 1, b′, ε′). With probability po′=1, the consumer receives a
credit offer and gains credit access. The payoff in this case is WC

(
j + 1, b′, ε′, b̄′, τ ′q

)
. This payoff,

in addition to the usual state variables, depends on credit terms (b̄′, τ ′q). The next period’s credit
card limit b̄′, credit card borrowing premium τ ′q, and probability of receiving an offer po′=1 depend
on the idiosyncratic state of the consumer. The probability of receiving an offer and the credit card
terms are determined through the competitive entry condition and the credit card firm’s problem in
(16), respectively.
The “modeled payoff” of default is given by the following equation:

V D
(
j, ε
)

= U
(
yj,ε
)
− χ+ βψjEε′|ε

[
po′=0W

S
(
j + 1, 0, ε′

)
+ po′=1W

C
(
j + 1, 0, ε′, b̄′, τ ′q

)]
(13)

where

b̄′ = b̄S
(
j + 1, 0, θ, η′

)
, τ ′q = τSq

(
j + 1, 0, θ, η′

)
,

po′=0 = 1− pS
(
j + 1, 0, θ, η′

)
,

po′=1 = pS
(
j + 1, 0, θ, η′

)
,

and χ refers to a default cost (stigma of default). The defaulting consumer just consumes the
earnings (c = yj,ε) and is not allowed to save or borrow during the default period (b′ = 0). The
default cost χ is incurred only during the default period. The continuation value is identical to that
of a consumer without credit access that chooses b′ = 0 (equation 12).

Problem with credit card: A consumer with access to revolving credit can either repay or
default. Analogous to the consumer’s problem without a credit card, the payoff when repaying or
defaulting involves a modeled and a non-modeled component. The non-modeled payoff takes the
form of extreme value shocks. The value function to the consumer before the realization of the
extreme value shocks is

WC
(
j, b, ε, b̄, τq

)
= EζR,ζD

[
max

DC∈{0,1}
DC
(
V D
(
j, ε
)

+ ζD
)

+ (14)

(
1−DC

)(
V C
(
j, b, ε, b̄, τq

)
+ ζR

)]
,

where DC = DC(j, b, ε, b̄, τq, ζ
R, ζD

)
is the policy function that solves equation 14 for values

(ζR, ζD) of the extreme value shock. This leads to a probability of default function that is analo-
gous to equation 11. The value of default is defined in equation 13.

Current credit cardholders can borrow up to limit b̄ at prices determined by the borrowing
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premium τq, if they choose to repay. The “modeled” value of repayment is given by

V C
(
j, b, ε, b̄, τq

)
= max

c≥0,b′≤b̄

{
U(c) + βψjEε′|εEo′W

C
(
j + 1, b′, ε′, b̄′, τ ′q

)}
(15)

subject to

c+ b = yj,ε +

qj
(
τq
)
b′ if b′ > 0

qj
(
0
)
b′ if b′ ≤ 0

,

where

b̄′ =

b̄I
(
j + 1, b′, θ, η′, b̄, τq

)
if o′ = 0

b̄C
(
j + 1, b′, θ, η′, b̄, τq

)
if o′ = 1,

τ ′q =

τq if o′ = 0

τCq
(
j + 1, b′, θ, η′, b̄, τq

)
if o′ = 1,

po′=0 = 1− p
(
j + 1, b′, θ, η′, b̄, τq

)
,

po′=1 = p
(
j + 1, b′, θ, η′, b̄, τq

)
.

Subsequent period payoff WC shows that the consumer maintains access to credit. Next period’s
borrowing terms depend, among other things, on whether the consumer receives a new offer. If the
consumer receives no new offers, o′ = 0, and the borrowing premium remains unchanged. In this
case, the incumbent bank may choose the credit limit b̄I . A new offer, o′ = 1, leads to a new limit
and borrowing premium, b̄C and τCq . All of these variables are specific to the submarket dictated
by the consumer’s idiosyncratic state variables. They are determined in the credit card firm’s
problems discussed in equations 5 and 6. Finally, the consumer incurs premium τq for borrowing
and no premium for saving. Price qj is specified in equation 8.

B.2 Lenders

The problem of the credit card firm matched with a consumer who does not have a credit card
is

ΠS
(
j, b, θ, η

)
= max

τSq ≤τ̄q , b̄S

{
EγΠ

(
j, b, ε, b̄S, τSq

)}
, (16)

subject to EγWC
(
j, b, ε, b̄S, τSq

)
≥ EγW

S
(
j, b, ε

)
.

B.3 Functional forms

We assume a CRRA utility function given by

U(c) =
c1−σ

1− σ
, (17)
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where σ is the relative risk aversion. We assume a CRS matching function given by

M(u, v) =
uv

[uζ + vζ ]1/ζ
, (18)

where ζ is the matching elasticity, u is the mass of consumers, and v is the mass of credit offers.
Social Security replaces a fraction λ of the average earnings from ages 30-64 given the perma-

nent component θ and the unconditional expected values of η and γ (E(η) and E(γ)). The Social
Security function is given by

SSθ = λθE(η)E(γ)
45∑
j=11

νj/35. (19)

B.4 Equilibrium

For ease of exposition, we define a stationary equilibrium. For the transition, the value func-
tions, policy functions, and distributions include a time subscript. Given the risk-free rate r, a
stationary equilibrium consists of consumer value functions V S

(
j, b, ε

)
, W S

(
j, b, ε

)
, V D

(
j, ε
)
,

V C
(
j, b, ε, b̄, τq

)
, andWC

(
j, b, ε, b̄, τq

)
, and consumer policy functions without a credit card d

(
j, b,

ε
)
, c
(
j, b, ε

)
, and b′

(
j, b, ε

)
, consumer policy functions with a credit card d

(
j, b, ε, b̄, τq

)
, c
(
j, b, ε, b̄, τq

)
,

and b′
(
j, b, ε, b̄, τq

)
, credit card firm profit functions ΠS

(
j, b, θ, η

)
, ΠC

(
j, b, θ, η, b̄, τq

)
, ΠI

(
j, b, θ, η, b̄, τq

)
,

and Π
(
j, b, ε, b̄, τq

)
, credit card firm policy functions b̄S

(
j, b, θ, η

)
, τSq
(
j, b, θ, η

)
, b̄C(j, b, θ, η, b̄, τq

)
,

τCq (j, b, θ, η, b̄, τq
)
, and b̄I

(
j, b, θ, η, b̄, τq

)
, mass of consumers uS

(
j, b, θ, η

)
and uC

(
j, b, θ, η, b̄, τq

)
,

mass of credit card offers vS
(
j, b, θ, η

)
and vC

(
j, b, θ, η, b̄, τq

)
, and probabilities of credit access

pS
(
j, b, θ, η

)
and pC

(
j, b, θ, η, b̄, τq

)
such that

• policy functions b̄S
(
j, b, θ, η

)
and τSq

(
j, b, θ, η

)
solve the credit card firm’s problem for con-

sumers without a credit card in (16) with resulting profit function ΠS
(
j, b, θ, η

)
as defined in

(16);
• policy functions b̄C(j, b, θ, η, b̄, τq

)
and τCq (j, b, θ, η, b̄, τq

)
solve the credit card firm’s prob-

lem for consumers with a credit card in (5) with resulting profit function ΠC
(
j, b, θ, η, b̄, τq

)
as defined in (5);

• policy function b̄I
(
j, b, θ, η, b̄, τq

)
solves the incumbent credit card firm’s problem for con-

sumers with a credit card in (6) with resulting profit function ΠI
(
j, b, θ, η, b̄, τq

)
as defined

in (6);
• profit function Π

(
j, b, ε, b̄, τq

)
satisfies equation (7);

• the competitive entry condition (1) holds for credit offers in each submarket;
• policy functions d

(
j, b, ε

)
, c
(
j, b, ε

)
, and b′

(
j, b, ε

)
solve the consumer’s problem without

credit card in (10) and (12) with resulting value functions W S
(
j, b, ε

)
and V S

(
j, b, ε

)
, as
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defined in (10) and (12), respectively;
• policy functions d

(
j, b, ε, b̄, τq

)
, c
(
j, b, ε, b̄, τq

)
, and b′

(
j, b, ε, b̄, τq

)
solve the consumer’s

problem with credit card in (14) and (15) with resulting value functions WC
(
j, b, ε, b̄, τq

)
and V C

(
j, b, ε, b̄, τq

)
, as defined in (14) and (15), respectively;

• value function V D
(
j, ε
)

satisfies (13);
• matching probabilities pS

(
j, b, θ, η

)
satisfies pS

(
j, b, θ, η

)
= M

(
uS
(
j, b, θ, η

)
, vS
(
j, b, θ, η

))
/uS
(
j, b, θ, η

)
and pC

(
j, b, θ, η, b̄, τq

)
= M

(
uC
(
j, b, θ, η, b̄, τq

)
, vC
(
j, b, θ, η, b̄, τq

))
/uC

(
j, b, θ, η, b̄, τq

)
;

• the tax rate balances the Social Security budget; and
• the distribution of consumers is invariant given the policy functions, probability of credit

access function, credit card limit function, credit card interest rate function, and the earnings
process.

C Quantitative model results

This section explains how we compute welfare and discusses various sensitivity analyses in our
quantitative model.

C.1 Welfare

Our welfare measure is a onetime compensation transfer that makes the consumer indifferent
between the transition to the new equilibrium with the rate cap policy and staying in the status quo
stationary equilibrium without the policy.

Let L be a onetime transfer the consumer must pay independent of whether the consumer
chooses repayment or default. It takes place after the lender has made their choices for the current
period, but future lender choices depend on the consumer’s current period actions given the trans-
fer. Given the consumer’s idiosyncratic state, L enters the problem of a consumer with a credit
card in the following way:

WC
(
j, b, ε, b̄, τq;L

)
= EζR,ζD

[
max

DC∈{0,1}
DC
(
V D
(
j, ε;L

)
+ ζD

)
+ (20)

(
1−DC

)(
V C
(
j, b, ε, b̄, τq;L

)
+ ζR

)]
.
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V C
(
j, b, ε, b̄, τq;L

)
= max

c≥0,b′≤b̄

{
U(c) + βψjEε′|εEo′W

C
(
j + 1, b′, ε′, b̄′, τ ′q

)}
(21)

subject to

c+ b = yj,ε − L+

qj
(
τq
)
b′ if b′ > 0

qj
(
0
)
b′ if b′ ≤ 0

,

where

b̄′ =

b̄I
(
j + 1, b′, θ, η′, b̄, τq

)
if o′ = 0

b̄C
(
j + 1, b′, θ, η′, b̄, τq

)
if o′ = 1,

τ ′q =

τq if o′ = 0

τCq
(
j + 1, b′, θ, η′, b̄, τq

)
if o′ = 1,

po′=0 = 1− p
(
j + 1, b′, θ, η′, b̄, τq

)
,

po′=1 = p
(
j + 1, b′, θ, η′, b̄, τq

)
.

V D
(
j, ε;L

)
= U

(
yj,ε − L

)
− χ (22)

+ βψjEε′|ε

[
po′=0W

S
(
j + 1, 0, ε′

)
+ po′=1W

C
(
j + 1, 0, ε′, b̄′, τ ′q

)]
where

b̄′ = b̄S
(
j + 1, 0, θ, η′

)
, τ ′q = τSq

(
j + 1, 0, θ, η′

)
,

po′=0 = 1− pS
(
j + 1, 0, θ, η′

)
,

po′=1 = pS
(
j + 1, 0, θ, η′

)
.

The case for a consumer without a credit card is analogous. The onetime transfer (TCV) is
defined such that

EγW
C
No rate cap(j, b, θ, η, γ, b̄, τq) = EγW

C
Rate cap(j, b, θ, η, γ, b̄, τq;TCV ).

A positive TCV indicates gains from a rate cap and a negative TCV implies losses. We solve for
TCV using a bisection method.
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C.2 Sensitivity analyses

C.2.1 Sensitivity to alternative calibration targets

In the benchmark calibration, the main moment targeted by the default cost stigma was the
charge-off rate. That calibration over-estimated non-targeted moments such as the credit card limit
and the default rate (Table 4). In this section, we consider two alternative calibrations: (1) target
the credit card limit instead of the charge-off rate and (2) target the default rate instead of the
charge-off rate. The welfare implications at different rate caps are presented in Figures 7 and 9. In
both calibrations, the optimal cap on the borrowing premium is similar to that from the benchmark
model (roughly 6-7 percentage points). Furthermore, like in the two period model and in the
benchmark calibration, lenders prefer the tightest cap and consumers with a credit card prefer a
cap that is tighter than the one preferred by consumers without a credit card. Furthermore, in these
alternative calibrations (as well as the benchmark calibration), most of the gains from the optimal
rate cap are realized in the first period of the transition.

Figure 7: Welfare implications of a cap on the borrowing premium: Target limit

(a) Aggregate (b) By agent group

Notes: Figure 7a depicts total onetime transfers for all agents and Figure 7b depicts total onetime transfers for each group of agents from a
calibration in which we target the average total limit per card holder instead of the charge-off rate. The groups of agents are (1) consumers with
credit cards in the period of the transition (red-solid line), (2) consumers without a credit credit card in the period of the transition (black-dotted
line), (3) future generations whose welfare is discounted at the rate 1/(1 + r) (gray-dash-dotted line), and (4) incumbent lenders in the period of
the transition (blue-dashed line). The x-axis refers to the rate cap (maximum borrowing premium). For example, a cap = 10 implies that the
maximum borrowing premium is 10 percentage points.

While the takeaways discussed in the previous paragraph are similar across the three calibra-
tions, the magnitude of the gains from the optimal rate cap are different. In the benchmark, the
gains were roughly 1 percent of income. When we target the limit, the gains fall to 0.36 percent of
income, whereas when we target the default rate, the gains increase to 2.22 percent of income. The
reason is differences stigma, which we present in Table 5. In the case in which we target the limit,
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Figure 8: Welfare by income quintile and existing access to credit: Target limit

(a) Welfare | Income and Access (b) Welfare without CC: Partial analysis

Notes: Figure 8a depicts the welfare gains for working-age consumers, with and without a credit card at the time of the implementation of the
policy, by income quintile. Figure 8b contrasts the welfare gains for working-age consumers without credit cards (black bars in Figures 8a and
Figure 8b are the same) to the welfare gains those consumers would have had if they had matched with a lender just before the rate cap was
implemented (blue bars).

stigma is the lowest; in the benchmark targeting the charge-off rate, stigma is in the middle, and
when we target the default rate, stigma is the highest. This suggests that commitment to repay is
also lowest when we target the limit, in the middle in the benchmark, and highest when we target
the default rate. Therefore, the higher level of gains from the optimal cap are a result of higher
commitment to repay.

C.2.2 Sensitivity to the matching elasticity parameter

In the benchmark calibration, the matching elasticity parameter for the credit card market ζ is
set to 0.37, following Herkenhoff (2019), who estimates the matching elasticity parameter based
on data on direct mail credit card offers from Synovate and credit applications from the SCF. In
this section, we consider sensitivity analyses by re-calibrating the model when we increase the
matching elasticity parameter by 50 percent and when we decrease it by 50 percent. The results
from different levels of rate caps are depicted in Figures 11 and 12. The main takeaways are similar
to the ones discussed in the first paragraph of Appendix C.2.1, which highlights the robustness of
our findings. The magnitudes of the welfare gains from the optimal rate cap are somewhat higher
with a lower ζ and somewhat lower with a higher ζ .
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Figure 9: Welfare implications of a cap on the borrowing premium: Target default rate

(a) Aggregate (b) By agent group

Notes: Figure 9a depicts total onetime transfers for all agents and Figure 9b depicts total onetime transfers for each group of agents from a
calibration in which we target the default rate instead of the charge-off rate. The groups of agents are (1) consumers with credit cards in the period
of the transition (red-solid line), (2) consumers without a credit credit card in the period of the transition (black-dotted line), (3) future generations
whose welfare is discounted at the rate 1/(1 + r) (gray-dash-dotted line), and (4) incumbent lenders in the period of the transition (blue-dashed
line). The x-axis refers to the rate cap (maximum borrowing premium). For example, a cap = 10 implies that the maximum borrowing premium is
10 percentage points.

Figure 10: Welfare by income quintile and existing access to credit: Target default rate

(a) Welfare | Income and Access (b) Welfare without CC: Partial analysis

Notes: Figure 10a depicts the welfare gains for working-age consumers, with and without a credit card at the time of the implementation of the
policy, by income quintile. Figure 10b contrasts the welfare gains for working-age consumers without credit cards (black bars in Figures 10a and
Figure 10b are the same) to the welfare gains those consumers would have had if they had matched with a lender just before the rate cap was
implemented (blue bars).
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Table 5: Sensitivity of gains

Variable Target limit Benchmark Target default rate Data (2019)
(unit = parameter, percentage, or percentage points)

Stigma χ 0.43 1.13 4.43 _
Discount factor β 0.81 0.86 0.88 _
Average CC limit to income 27.07 37.14 51.72 26.86
Charge-off rate 6.00 3.70 1.65 3.70
Default rate 0.62 0.35 0.14 0.14
Optimal cap 6.81 6.56 6.56 _
Total gains optimal rate cap 0.36 1.00 2.22 _
Total gains / Value credit access 9.11 23.42 54.97 _

Notes: Table 5 presents statistics from a calibration in which we target the credit limit instead of the charge-off rate, the benchmark calibration
(targets charge-off rate), a calibration in which we target the default rate instead of the charge-off rate. Data is included in the last column for
comparison.

Figure 11: Welfare implications of a cap on the borrowing premium: High ζ

(a) Aggregate (b) By agent group

Notes: Figure 11a depicts total onetime transfers for all agents and Figure 11b depicts total onetime transfers for each group of agents from a
calibration in which we increase the matching elasticity parameter ζ by 50% from that used in the benchmark calibration and recalibrate the model
to target the same set of moments as the benchmark calibration. The groups of agents are (1) consumers with credit cards in the period of the
transition (red-solid line), (2) consumers without a credit credit card in the period of the transition (black-dotted line), (3) future generations whose
welfare is discounted at the rate 1/(1 + r) (gray-dash-dotted line), and (4) incumbent lenders in the period of the transition (blue-dashed line).
The x-axis refers to the rate cap (maximum borrowing premium). For example, a cap = 10 implies that the maximum borrowing premium is 10
percentage points.
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Figure 12: Welfare implications of a cap on the borrowing premium: Low ζ

(a) Aggregate (b) By agent group

Notes: Figure 12a depicts total onetime transfers for all agents and Figure 12b depicts total onetime transfers for each group of agents from a
calibration in which we decrease the matching elasticity parameter ζ by 50% from that used in the benchmark calibration and recalibrate the model
to target the same set of moments as the benchmark calibration. The groups of agents are (1) consumers with credit cards in the period of the
transition (red-solid line), (2) consumers without a credit credit card in the period of the transition (black-dotted line), (3) future generations whose
welfare is discounted at the rate 1/(1 + r) (gray-dash-dotted line), and (4) incumbent lenders in the period of the transition (blue-dashed line).
The x-axis refers to the rate cap (maximum borrowing premium). For example, a cap = 10 implies that the maximum borrowing premium is 10
percentage points.
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