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Abstract

I develop a model of screening with menus under imperfect competition. The model has a
unique equilibrium in pure strategies, which I characterise in closed form. I use it to analyse
a contractual externality and build a sufficient statistic to test for its empirical relevance. I
also use the model to study credit market policies in the presence of screening. Contrary
to conventional wisdom, increasing the Federal Reserve rate or decreasing competition can
increase lending. I provide an empirical application in the context of consumer credit and

show that, due to the externality, the menus contain too many maturity options.
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1 Introduction

In many markets, firms use menus of contracts to make their customers reveal their private
information through their choices (i.e., screening). Examples include the insurance market
(Handel, Hendel, and Whinston 2015; Einav, Finkelstein, and Tebaldi [2019); the mortgage
market (Taburet, Polo, and Vo 2024)); the market for credit cards (Nelson 2018); and the housing
rental market (Humphries, Nelson, Nguyen, Dijk, and Waldinger 2024, Calder-Wang and Kim
2024).

Because asymmetric information is not directly observable, applied studies rely on structural
models (see Einav, Finkelstein, and Mahoney 2021 for a survey). However, existing frameworks
abstract from screening with menus. This largely stems from screening models’ equilibrium
prediction and comparative statics being fragile. Theoretical models only consider extreme
market structures (e.g., Stiglitz|1977, Rothschild and Stiglitz|1976, Azevedo and Gottlieb 2017)
and face issues of equilibrium non existence. As such, their predictions heavily depend on the
choice of market structure or equilibrium refinement used to solve the model (e.g., Riley |1979,
Wilson [1980).

This paper bridges theory and empirical research on adverse selection. I incorporate imper-
fect competition in an otherwise standard screening model a la Rothschild and Stiglitz (1976).
Following the empirical industrial organization literature, I model competition using a discrete
choice approach, as McFadden (1981). This approach has two benefits. First, it gives the
model convenient analytical properties and yields demand functions that nest various degrees
of competition, from perfect competition to monopoly. Second, it makes the model empirically
tractable.

I use the framework to analyze theoretically how incentives to screen and welfare vary with
competition or policies affecting firms’ marginal costs. I also discuss the identification and
estimation of model parameters for a situation in which an econometrician has access to data
on the menus of contracts and choices for one firm (e.g., Hertzberg, Liberman, and Paravisini
2018); or when they only observe the contracts chosen for the full market (e.g., credit register
data, as in Crawford, Pavanini, and Schivardi 2018). Finally, I provide a working example in
the context of consumer credit using data from Hertzberg, Liberman, and Paravisini (2018]).

Giving firms incomplete market power has three main effects on the analysis. First, it solves

the equilibrium non existence problem. The model delivers a unique pure strategy Nash equi-



librium, which I characterize in closed form[]] The closed-form characterization is important for
empirical applications because it allows me to derive sharp moment conditions and renders the
exclusion restrictions transparent.

Second, the competition between firms creates a contractual externality, for which I derive
a sufficient statistic. This externality results from the fact that when lenders screen borrowers
using a menu, they change the composition of their competitors’ borrowers. The equilibria can
thus be inefficient in the second-best sense, so an informationally constrained social planner can
create a menu that makes both firms and their clients better off. The existence of the externality
does not depend on the use of a particular equilibrium refinement.

Third, I show that policies that affect competition or the cost of originating a contract have
unintended consequences due to the presence of competition and screening. For instance, in the
context of credit markets, increasing capital requirements, increasing the Federal Reserve rate,
or decreasing competition can increase lending.

To be close to the empirical application, I present my model in the context of credit markets.
However, the framework is general enough to capture labour markets, insurance markets or
other financial marketsE] I provide micro-foundations for the functional forms used and develop
a unifying framework for screening in credit markets.

In the baseline model, a contract comprises a loan size and an interest rate. Borrowers have
quasilinear utility over the present value of the loan. They have private information about their
willingness to pay (WTP) for each dollar borrowed, their demand elasticity, and their default
probabilities. Their WTP is positively correlated with their default probabilities. In that context,
screening is achieved by setting the interest rate above the low-default borrower’s WTP for
larger loans. That way, high-default borrowers self-select into higher-rate contracts. Screening
can, therefore, restore perfect information pricing. However, it also requires that low-default
borrowers get a smaller loan than high-default borrowers, which is not necessarily what would
happen in the first best.

To model borrowers’ choice of lender, I assume that part of borrowers’ utility contains a
borrower-bank-specific random shock following a continuous probability distribution and en-

tering the utility additively (as in, for instance, McFadden 1981). This shock can be interpreted

1. To derive this result, I need to impose a capacity constraint on firms as Azevedo and Gottlieb (2017)), but
only when the market is close to perfect competition.

2. A key requirement is that contracts are effectively exclusive; see, for instance, Attar, Mariotti, and Salanié
2011| for non-exclusive contracts under perfect competition. Search costs may prevent borrowers from getting
multiple contracts in practice, which allows firms to screen.



as borrowers’ heterogeneous preferences over lenders’ characteristics (e.g., distance from the
closest branch as in Hoteling|[1929), search costs or as borrowers being imperfectly informed
about the contracts offered by each bank (Varian [1980). I consider the situation in which the
random shock is uncorrelated with borrowers’ preferences for contract characteristics, so that
banks cannot use their menus to sort borrowers on their random shock realization. When the
shocks follow an extreme value distribution, its variance parameterizes the product demand elas-
ticity. In the limit case in which the variance of the shock tends to infinity, each lender behaves
like a monopolist. When the variance tends to zero, borrowers’ demand elasticity becomes in-
finite, as in the perfect competition case. I allow the variance of the shock to be correlated with
the willingness to pay. This provides additional price discrimination incentives and renders the
model more realistic.

Unlike Rothschild and Stiglitz (1976), a pure strategy equilibrium always exists in my
model. In Rothild and Stiglitz, the equilibrium does not exist when the relative number of low-
default borrowers is high enough. I show that in my model, deviations that break the equilibrium
in Rothild and Stiglitz attract relatively too many high-default borrowers to be profitable. This
is because those deviations are more valuable to high-default borrowers, and lenders cannot
attract the whole market under imperfect competition. In the spirit of Einav, Finkelstein, and
Cullen (2010), I provide a graphical intuition to illustrate why having an imperfectly elastic
demand restores the pure strategy equilibriumE]

I show that the equilibrium is constrained inefficient, so there is room for policy intervention
in this market. The intuition is the following. Maintaining customers’ incentives to self-select is
costly, because it may require distorting contracts relative to the first best. When the distortions
are too high, it is more efficient to pool borrowers instead. Yet, if pooling contracts are offered
and competition is high, a competitor can take advantage of a pooling contract by introducing
a product that steals the most profitable customers only (cream skimming). Cream skimming
can be ex-post inefficient because lenders do not internalize how their screening strategies (e.g.,
cream skimming) change the types of borrowers who select competitors’ products—and thus

the cost of lending via those products. The reasoning is the same as in Rothschild and Stiglitz

3. When competition is large enough, I must add a capacity constraint to the model. Formally, I assume that
lenders cannot serve more than half of the total market. This can be interpreted as an extreme case of a lending
cost that is increasing in the number of customers. This assumption is needed because the lender objective function
becomes convex when markets are competitive. Indeed, deviations from screening attract bad borrowers in high
proportion first, but once most of the bad borrowers have been attracted, the good borrowers become easier to
attract relative to the bad borrowers. With this condition, the model equilibrium under perfect competition is the
same as the one using Azevedo and Gottlieb (2017) equilibrium concept.



(1976). However, contrary to Rotchild and Stiglitz, I can compute the equilibrium and char-
acterize the size of this friction. I show that the equilibrium is inefficient when competition is
high, and the marginal total surplus per dollar lent in the market for low-default borrowers is
higher than the difference between borrowers’ willingness to pay (i.e., the information rent in
Rotchild and Stiglitz).

When the equilibrium is constrained inefficient, decreasing competition or increasing the
marginal cost of lending can be a Pareto improvement. It lowers incentives to implement pos-
sibly inefficient cream-skimming deviations, and thus restores lenders’ ability to pool. A lower
level of competition can be beneficial to low-default borrowers, because it lowers their credit
constraint at the cost of a higher markup. It is also beneficial to high-default borrowers as com-
petition can lower the interest rate of their contracts due to pooling. Lenders are also better off
because market power allows them to extract more surplus from borrowers. The same result
holds when the policy increases lenders’ cost of originating low loan-size contracts and de-
creases the cost of originating high loan-size contracts, but only if competition is low enough.
Examples of such policies are capital requirements in credit markets.

To accommodate a wide variety of empirical setups, I extend the model to allow for endoge-
nous default (moral hazard, burden of payment), maturity, loan size, interest rate collateral, and
fees. I also develop a guide for how to bring the model to the data using either proprietary data
on the menu of contracts and choices for one firm or credit register data. Those two cases are
the most common in practice (See, for instance, Hertzberg, Liberman, and Paravisini (2018)) and
Crawford, Pavanini, and Schivardi (2018) for the credit market or Handel and Kolstad (2015))
for the insurance market).

The identification and estimation of the model parameters rely on using equilibrium condi-
tions linking price to quantities and contract shares. It enables me to recover the marginal cost,
the information rent, and the demand semi-elasticity as a constant and a slope of linear regres-
sion. My approach does not require estimating default elasticities, nor does it require data on
menus of contracts offered by other lenders to recover demand elasticities. This is convenient
because those elasticities are difficult to estimate under adverse selection, given that borrowers
who chose different contracts are not comparable.

To illustrate the approach, I provide an application using data from an online lending plat-

form (Lending Club) as in Hertzberg, Liberman, and Paravisini (2018)ﬁ I use the estimates to

4. Although contracts are not formally exclusive in this market, the fact that Hertzberg, Liberman, and Par-
avisini (2018)) finds that screening with menus happens in practice shows that using Rothschild and Stiglitz (1976))
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decompose the equilibrium interest rate into a break-even price, a perfect information markup
and an information premium or discount. The information premium divided by the perfect in-
formation markup of the contract designed for high-default borrowers is a sufficient statistic for
the existence of the contractual externality.

Interpreting the regression error term through the lens of the theoretical model, I show that
the independent variables need to be uncorrelated with unobserved demand heterogeneity. As a
result, I use the variation coming from the borrower’s observable risk category. The identifying
assumption is that the average search costs of borrowers who chose high-maturity contracts are
uncorrelated with the borrower risk category assigned by the lender.

As in Hertzberg, Liberman, and Paravisini (2018)), I find that high-default borrowers self-
select into higher-maturity loans. Using the structural model, I can also characterize the distor-
tions caused by adverse selection and imperfect competition. I show that prices are close to the
first best case, but maturities are not. Borrowers who choose high-maturity contracts are less
price elastic but get an asymmetric information discount that mitigates the competition channel.
The information rent is equal to 15 percent of the loan’s present value. Using sufficient statis-
tics, I show that both borrowers and lenders would be better off if lenders could cross-subsidize
customers in order to increase the maturity of their lower-maturity contracts while maintaining
incentives to self-select. The threat of cream skimming prevents this situation from emerging.

Literature Review—The paper contributes to the large theoretical literature on screening.
The vast majority focuses on perfect competition and discuss equilibrium existence and refine-
ments (Rothschild and Stiglitz 1976, Riley 1979, Wilson 1980, Farinha Luz 2017, Azevedo
and Gottlieb 2017). Recent papers have studied imperfect competition (Lester, Shourideh,
Venkateswaran, and Zetlin-Jones 2019, Chade and Swinkels 2021). In contrast to those pa-
pers, I focus on financial markets and on developing an empirically tractable framework.

The paper also contributes to the empirical literature on asymmetric information. A first
strand of the literature developed reduced form approaches to test for the presence of screening.
They do so by comparing the default probability of borrowers choosing different contracts or
comparing borrowing that chose the same contract but were differently self-selected (Hertzberg,
Liberman, and Paravisini [2018], Karlan and Zinman 2009, Chiappori and Salanie |2000). A sec-
ond strand of the literature used structural models or sufficient statistics approaches to assess the

cost of asymmetric information (Einav, Finkelstein, and Levin|[2010, Handel, Kolstad, and Spin-

framework (exclusive contracts) instead of Attar, Mariotti, and Salanié (2011} (non-exclusive contracts) is a valid
approach in this context.



newijn 2019, Crawford, Pavanini, and Schivardi 2018, Yannelis and Zhang [2021). I contribute
to the literature by developing a model with an endogenous menu of contracts. My framework
allows us to estimate the contract term distortions that stem from screening. The closest pa-
per is Handel, Hendel, and Whinston (2015)), which uses Rothschild and Stiglitz (1976)) in the
context of health insurance. In contrast, my paper focuses on credit markets, and the empirical
predictions do not rely on the use of equilibrium refinement or the assumption that the market
is perfectly competitive, which may not hold in credit markets.

Appendix [B| provides an extensive discussion of the literature.

The rest of the paper is structured as follows. Section [B] provides a literature review. I de-
scribe the model setup in section |2} Then, in section (3| I provide intuition about the incentives
to screen, I prove the existence and uniqueness of the equilibrium and solve for the model in
closed form in section ] In section [5] I provide comparative statics and discuss the poten-
tial implications of various widely used policy interventions. Section [0] present the empirical

application. Section [/|concludes.

2 Model Set up

This section presents the baseline model with two periods, two borrower types, and two contract
characteristics (interest rate and loan size).

Subsection [C] and appendices [D] and [E] present a micro-foundation for the functional form
used for contract features such as loan size, interest rate, maturity, collateral or fees.

To cater to a wide variety of empirical setups, Appendix [ extends the model to include an
arbitrary number of periods, endogenous default probabilities (i.e., moral hazards and burden
of payment), borrower types (with restrictions on preferences), and contract terms (including

maturity, collateral, or fees).

2.1 General considerations

Economic Agents: The economy is populated by two groups of agents: borrowers and lenders.
I also refer to the second group as banks. There is a finite number of banks B > 1 indexed by
b € [1,B]. Borrowers have heterogeneous characteristics (age, income, risk aversion..). This
heterogeneity implies that borrowers have different default probabilities and demand elastici-

ties. There are two types of borrowers indexed by ¢ € {G, B}. The number of type i borrowers



is denoted n;. I denote j a given borrower. Banks offer menus of contracts. I index the contract
offered by bank b and designed to be chosen by borrower ¢ by the subscript ib or by ¢ to simplify

the notation.

Timing: There are two periods. At the beginning of the first period, each borrower makes a
decision to enter or not the credit market. There is no entry cost, borrowers choose to participate
if the utility they get from borrowing is higher than the one of not borrowing. Conditional on
participation, a borrower chooses one loan contract from one lender.

Loans mature in the second period, and borrowers may default on their loans.

Information structure: There is asymmetric information in the economy: Lenders do not
perfectly observe borrowers’ type (i.e. their preference and their default probabilities)ﬂ When-
ever it is profitable and feasible, lenders use a menu of contracts to make observational equiva-

lent borrowers reveal their type.

2.2 Borrowers

In this section, I model borrowers’ decision to participate in the credit market as well as their
choice of loan contract and repayment behaviour. I provide a micro-foundation of the demand
system in Appendix [C} All parameters defined in this section are part of borrower 7’s information

set at the time they choose their contract and bank.

2.2.1 Choice of contract and bank

Utility: The utility of type i borrowers when borrowing an amount L. in period 1 via contract ¢

that requires repayment of (?.) at maturity is specified as

wi(Le, R,) i= a;F(L.) — 0;Re, WTP, := ‘;‘— >0 (1)
WTP,F'(-) is the borrower’s willingness to pay for each extra dollar borrowed. Without
loss of generality, I assume that WT'P; < WT Pg. A high WT'P captures that the borrower

derives a high utility level from housing, or less disutility from having a high interest rate.

5. In practice, lenders can observe some characteristics such as income, job or credit score. The model and the
empirical application consider borrowers that are observational equivalent based on observable characteristics.



Heterogeneous WT'P coefficients are necessary for lenders to be able to screen using loan size
L and the face value of the debt R. Screening is achieved by offering a contract whose pricing
for an extra loan unit is in between the two borrowers’ willingness to pay. That way, larger
loans are only purchased by high WTP borrowers.

0; is borrower i survival probability. This interpretation of the coefficient #; suggests that
the loan is non-recourse and uncolateralized. This is one way, among others, to rationalize
adverse selection in the model. The key requirement is that W'1'P; are correlated with default
probabilities, so #; can be relaxed to be a function of default probabilities.

Allowing «; to be heterogeneous allows more flexibility in the empirical application, and
can be normalized to 1 for the theoretical analysis.

I provide a micro-foundation for this utility form in Appendix|[C| The model can be extended

to feature a finite number of contract characteristics X as long as they enter linearly in the utility.

Choice of bank b contract ¢: Borrower 7 chooses the bank that offers them the best deal.

Formally:

n{1a}x{ui(Lc, R.) + o7 '€}, €3 iid, EV, independent of type ()

o; '€y is the main departure from the classic principal-agent model. ¢, is a borrower-bank-
specific shock. o drives the demand elasticity (i.e., competition) and can be interpreted as
the distance between the borrower and the closest bank branch—as in, for instance, Hoteling
(1929)—or more generally about heterogeneous preferences over bank characteristics (brand
name, customer services, existing relationship, etc) or switching costs. The assumption that €,
draws are type-independent ensures that lenders cannot screen on borrower-specific draws.

It is convenient to write equation (2)) as a set of inequalities that need to be satisfied for the

borrower to choose bank b:

(PCijp) © ui(Lip, Rip) = ti(Leg, Rea) + 0 e — €5a, Ved € {G, B} x [1,B],Vj  (3)

Equation (3) renders the interpretation of o; '[€;;, — €;4] as switching cost more salient. o; '
parametrizes the importance of those switching costs. When o tends to infinity, borrowers only

care about the contract features the banks offer (i.e perfect competition). When ¢! tends to 0,



each bank behaves like a monopolist with their borrowersﬁ

Participation constraint (PC): Borrower 7 accepts a contract if it provides a higher level of

utility than what would get if they did not take any loan. Formally, borrower 7 accepts the loan

if:
(PCZ) : ui<Lca Rc) = ‘72 = ‘7 € RJF (4)

The fact that €;;, is not present here is in favour of the interpretation of ¢;;, being a sunk cost that
has to be paid to switch banks. This is done for simplicity of the exposition so that each bor-
rower type has the same participation constraint. Using a nested logit approach, we could use
the condition Efu;(L, R.) + 0; 'ep]) = In(X, wi(Le, R.)) = V. This participation constraint

will not be important for the vast majority of the results as it will be non-binding.

Survival probability: The market is adversely selected:
Adverse selection : Corr(0;, WTP;) <0 ®)

Equation (5)) states that borrowers with high willingness to pay W71 P > WT Py are more
likely to default 5 < 6. The classic justification is that high-default borrowers are less sen-
sitive to interest rate changes, since they do not expect to repay the full face value of the debt.

This is the case when, for instance, g = ap.

2.3 Lenders

Lenders do not observe individual borrowers’ type (WT'P;, 0;, o;), but they know the popula-
tion distribution. They can use the revelation principle to design a menu of contracts to make
borrower reveal their private information through their choices. I assume that ¢;;, is indepen-
dent of other borrower parameters (WT'P;, 0;, ;), so banks cannot screen borrowers on their €,
draw. The model is thus the classic principal-agent model, but with demand elasticities that are

not infinite or null.

6. when (g; ;); are not all equal



Formally, a lender b designs a menu of contracts to maximize its expected profits subject to

some incentive compatibility and participation constraints:

Demand
- n; & N Expected profit on loan
—
max Z E[E 1{PC¢jb satisfied}]-{Pi satisfied}] NPV; (6)

{(Liv,Rip)eF} ie{G.By  i=1

s.it. (ICw) : ui(Li, Rip) = w;(Ljp, Rjp) Vi, j € {G, B}
(Pp) : wi(Liy, Rip) = 1%

(PCZ-jb) . ui(LZ-b, sz) = Uj(Lcd, Rcd) + O'i_l[Ejb — do], VZde

The (1C',) constraints ensure that type 1 borrowers chose the contract designed for them.

The first participation constraint (F;;,) implies that type i borrowers enter (or do not exit) the
credit market.

When the constraint (PC;j) is satisfied, borrowers j of type i choose lender b instead of its
competitors. Those sets of constraints are the main departure from the classic model, and they
allow me to include imperfect competition.

For problem @ to be well defined when the function F is linear, I assume that contracts’
characteristics are bounded. Formally, lenders need to offer contracts within the following set
F :={(Le,R.) : L.€[0,L], R > 0} with L > 0. L is the maximum house size available in
the market. Alternatively, this constraint can be written as a maximum Loan-to-Value constraint
to capture existing regulations. I use a constraint on L rather than a constraint on the borrower’s
second-period income (and thus R) so that the house size is fixed in the first best and indepen-

dent of the competition level.

2.3.1 Parametrization and simplification of lenders’ problem

Problem (6) is difficult to solve, because it involves a set of constraints that may or not be bind-
ing. Lemma 1 allows to replace them and the term E [Z?Zl 1(pc,, satisfiedy] Dy @ continuous

demand function.

Lemma 1: PC}j, constraints. When the shocks €, are iid and extreme value distributed con-

ditional on borrower type, the participation constraints (PCjj;,) can be removed from problem

10



@ and the term E [Z?Zl 1(pc,, satisficdy] has a closed form expression denoted by NP (u;(Lgp, Rip)).

The expected number of borrowers that come to lender b is:

Nib(ui(Liba sz)) = E[Z 1{PCijb satisfied}] (7)
j=1
Probability i chooses b

A

market size ©
_ exp(oiu; (L, Rip)) ®
Z ZzeB exp(o-iui(Lixa sz))

NP(u;(Liy, Rip)) is a continuous demand function that flexibly captures different degrees of

NP
aN.bl = o;(1 — Nib))_ 0; — 00 captures

competition (captured by the demand semi-elasticity —

the perfect competition case. In that case, if the contract from lender b (L;,, R;) is epsilon

exp(oiui(Lip,Rip)) 1
> Yien €rp(oiwi(Liz,Rix)) )

o; — 0, then each lender behaves as a monopoly. The market share of lender b is %+ no matter

better than that of its competitors, it attracts the full market (i.e.
what contract it offers.

Net Present Value of Lending: Lender b’s net present value of lending to borrower ¢ via a

contract ¢b is denoted N PV:
NPV, := 0;R;, — mcLy, 9

Where mc is the marginal cost of lending via contract ib. 6;R;, is the present value of the
loan. The use of collateral as in the mortgage mico-foundation presented in the previous
section would give us the additional term capturing the amount recovered upon default (1 —
0;)min{yH, R;}, where ~ is the value of the house upon default. For risk discrimination to be
relevant, I consider the case in which the price of the house upon default v is low enough so
that the collateral is not enough to repay the face value of the debt. This is in line with surveys
on collateral recoup rates (e.g., Davydenko and Franks 2008 for corporate loans). Without loss

of generality, I assume v = 0 for notational simplicity.

Assumptions Al: In order to obtain closed-form solutions, I assume that F is linear on

[0, L] and equal to F(L) = L[]

7. As shown in the next section, as can use non linear pricing, this assumptions does not affect the economic
channels driving perfect information contracts. The assumption does not affect the imperfect information case: the

11



To make the use of menus relevant, I consider the situation in which both market segments
have positive NPV «; — mc > 0 Vi and 6; > 0. If only the low WTP borrowers has positive
NPV, the model will be similar to that of Akerlof (1978), in which only one contract is offered.
Similarly, if only the high WTP borrower has a positive NPV, then banks exclude the low WTP

borrowers using one contract.

3 Optimal Menu Design

To gain intuition, I first analyze how each lender set contract terms under under perfect infor-
mation.

Then I focus on the imperfect information case. Using the continuous demand function, I
propose a decomposition of the economic forces at play in screening models without relying on

numerical methods or equilibrium refinements.

3.1 Contracts when borrower’s type is observable

The first-order conditions of problem (6) without the incentive compatibility constraint (/Cp)

yield:

Proposition 1: Banks’ contract under perfect information
Each bank uses product characteristics (L;) to maximize the surplus of lending (S;(L;) =
(cvy — mc)L;), then uses the interest rate to split the surplus between itself and the borrowers.

Dropping the b index for clarity of notation, the optimal contract (L, RFT) is:

Characteristics:

L= [ (10)

linearity assumption affects the cost of credit rationing, which is also flexibly captured by the a; parameters.

12



Pricing:

fair price “markup”
Lrt N,
PI me;L; i . Y
R; 0 “onN, (11D
WTPLFT — 3% Otherwise
Utility:
Lending surplus “ma'r;kup”
SLPn N; .
u; (L; ") TN (12)
Vi Otherwise

with S;(L;) := (a; — mc)L; being the surplus generated by the lending activity.

Equation states that the optimal contract maximizes the social surplus of lending. L is
the threshold above which lending generates negative NPV («o; — mc > 0, V7).

In a symmetric equilibrium, the right-hand side of equation (II]) does not depend on rates,
because the markup (}RL]V simplifies to m when the demand takes a logit form.

The interest rate expression captures the following economic channels of the equation (11)).

The upper-right-hand side of equation (TT)) captures the classic extensive and intensive margin

PI
i

channels driving the interest rate level. The first term (mCHL ) is the fair price. That is the price

at which banks break even. The second term is a “markup”. It is equal to the inverse price
semi-elasticity. The numerator of the “markup” captures the intensive margin: By increasing R,
banks earn more on each borrower. The denominator (0rN;) captures the impact of the exten-

sive margin on pricing: By increasing R, the bank loses customers.

Impact of additive separability: The assumption that the utility of loan size and interest
rate are additively separable implies that, absent asymmetric information, imperfect competi-
tion does not distort loan size away from its first best value. The reason is that, under perfect
information, banks set the contract characteristics that maximise the lending surplus and use
interest rates to split the surplus between borrowers and lenders. This separability assumption
may not be valid when the loan is used to buy a good that is a complement to consumption. I do
not analyze this case in the model as I want to focus on the distortions related to the contractual

externality only. An empirical structural model should, however, consider how this assump-

13



wcreas[ngutilitylevel
1
} Markup BoioE)

Break even rate

Low default borrowers

=~
-

Figure 1: Equilibrium contracts under perfect information

tion impacts the counterfactual simulations. The linearity of F does not impact the economic

intuition behind Proposition 1. Without the linearity assumption the L' = F'~!(mc).

3.2 Contracts under imperfect information

Now, let us focus on the perfect information case and how it impacts banks’ contracts.

3.2.1 Intuition

As shown in the previous section, given assumption Al stated in section 2.3 (i) borrowers are
offered the same loan size in the first-best, but (ii) banks would like to price them differently
due to borrowers’ different default probability or price elasticity. Figure (I)) summarizes the
model equilibrium under perfect information. I plot borrower indifference curves (blue for
B borrowers and green for G borrowers) and lenders’ break-even conditions for each market
segment. To render the graph more legible, I consider the situation in which lenders have to pay
a fixed cost of originating contracts (i.e., mcL = f € R™).

However, the perfect information contracts in best contracts are not incentive-compatible. If
they were both offered in a menu, all borrowers would choose the cheaper product (see Figure
2)).

Thus, under imperfect information, banks must distort the first best contracts to maintain
borrowers’ incentives to self-select. To do so, lenders can use two tools: interest rates (via
cross-subsidies) and loan size (via credit rationing). Figures [3|and 4] give a visual representation
of how incentives are maintained using each of these margins.

The next subsections analyse which market segment/contract characteristic lender distort.
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I formally show that high competition forces lenders to set prices close to their perfect infor-
mation values and maintain incentives to self-select using loan size. Otherwise, a competitor
can offer a contract that steals only the most profitable customers by offering a contract in the
dashed region of Figure [3] I also show that low competition allows the use of cross-subsidies
and that lenders choose to distort the contracts of the market segment that generates the lower

surplus.

3.2.2 Formal analysis

As in the textbook principal-agent model, the system of IC can be simplified. The simplifica-

tions are summarized in the following Lemmas 1, 2 and 3.

Lemma 1: At least one IC is binding. The IC constraint of B borrower is always binding.

When competition is high enough, no participation constraints are binding.
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Proof: Appendix

Solving for the problem[6]using Lemma 1, we get:

Lemma 2: No distortion at the top. Credit rationing at the bottom.
(i) The loan size of B borrowers is equal to its first best value.
(ii) The loan size of G borrowers is lower than the first best. The credit rationing is proportional

to the interest rate spread. Formally:

Lgp=1L (13)

€ [0, L] (14)

Proof: Appendix

The intuition behind those results can be grasped from Figures [3] and 4] The no distortion
at the top results from the fact that lowering the B borrower’s loan size does not help with self-
selection: It renders the B borrower worse off and the G contract even more attractive. Credit
rationing works because B borrowers are less willing to pay for loan size. Equation (14) is the
B borrower’s incentive compatibility. It states that screening works when the average cost of
one extra dollar above L”7 is priced at the B borrower’s willingness to pay. That way, only B

borrowers find the extra amount of borrowing attractive.

Lemma 3: Interest rate distortions.

Relative to the first best, the interest rate of B borrowers is lower, and the one of the G
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borrowers is higher. The pricing takes the form:

fair price “markup”
—_— —_— Asymmetric information discount/premium
mcL,- Nz — . —
R; = + — [1+ I; if u;, >V,
HZ- —0 RNi
WTP;-L; -V, Otherwise

15)

Ig>0,[B<0

Proof: (i) Use Lemmas 2 and 1. (ii) solve the lender problem using the Lagrangian.

Equation (I3) states that the price can be written as in the perfect information case (fair price
and markup) with an extra additive term (/;). I call this extra term the asymmetric information
discount or premium. /; is positive for G borrowers (i.e., premium) and negative for B borrowers
(i.e., discount).

Absent [;, the spread between rates would be higher, which implies that banks would have
to distort L more intensively. [; thus provides information about the incentives to screen: An
increase in |I| lowers the B market segment profits compared to the perfect information case
but allows for an increase in G market segment profits by relaxing the incentive compatibility
constraint. An increase in I increases G interest rate distortion but lowers the credit rationing
level.

The formula captures channels that are absent from perfect competition and monopoly mod-

mch

els. Under perfect competition, only the fair price is present. Under monopoly, the partic-

3

ipation constraint is binding for one borrower, and the price of the other borrower is (partially)
driven by this outside option. The markup (aRL]’V) and the asymmetric information premium or
discount (/;) are thus specific to the imperfect competition case and endogenously determined.
Analysing (I, Ip) thus allows us to study how various changes in the economic environment
affect incentives to use both interest rates and loan size distortion to screen.

The interest rate formula (15)) is a key novelty of the paper. I show in the next section that a
pure strategy equilibrium exists so that using equation (I3) is valid. Previous papers do not use
a continuous demand system and thus cannot derive an equation such as this one and rely on
numerical methods to interpret the results. The interest rate formula is used as a key moment

condition to recover model parameters in the empirical analysis. Having a pure strategy equi-
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librium is a good depiction of strategies observed in practice and simplifies the estimation and

identification.

Proposition 2: Banks’ incentives to screen.
Banks have incentives to screen (i.e., to use lower cross-subsidies) when the surplus gener-
ated by lending in the G market segment is low and when screening is costly. The asymmetric

information premium and discount are given by:

Benefit of pooling: More surplus
—

nag Qg — mc
Ig := ——= >0 16
B ng ~ WIPs—WTPg (16
Cost of pooling:‘ffnformation rent
— I e S (17)

T WTPz — WTPg

I show in the next section (section that an interior solution (i.e., LIGI € [0, E] and u; > V)
in which the participation constraints are not binding exists when competition is high enough.
To gain intuition about incentives to screen, I focus on the interior solution in the subsequent

paragraphs.

Equation (16) captures the following trade-off. By lowering high default borrower interest
rates above their perfect information value, lenders are able to relax the incentive compatibility
constraint and extract the surplus generated (av —mc per dollar lent). The benefit is proportional
to the number of low-default borrowers they have (N). However, to be able to lend one dollar
more and maintain incentives, lenders have to provide a discount of W71 Pg — W'T P¢. This can
be seen using the incentive compatibility constraint of the B borrower in terms of utility (/Cp :
up = ug+ (WTPg—WTPg)Lg). (WTPg—WTPg)L¢ is referred to as the information rent
in the literature. If a lender wants to provide utility ug to low-default borrowers, lenders must
design a B contract that gives them an extra amount of utility proportional to the differences in
willingness to pay (WTPg — WTPg)Lg).

Equation captures the following trade-off. Increasing the interest rate allows lending
more and up to (ag — mc per dollar lent). However, to maintain incentives, there is a limit to

how much of the surplus they can extract. This is captured by m.
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4 Equilibrium: Existence and Uniqueness

In this section, I discuss equilibrium existence and characterize the equilibrium contracts in
closed form. My model features a unique pure strategy equilibrium. I provide intuition about

the underlying mechanism and contrast my approach to the literature.

Non-existence result in the literature: In the textbook perfect competition model of screen-
ing (i.e., Rothschild and Stiglitz [1976), pooling contracts cannot be offered. This is because of
cream-skimming: A lender can take advantage of its competitors pooling contracts by intro-
ducing a new contract with a smaller loan size and pricing it so that it only steals the most
profitable borrowers (See Figure [5). Yet, offering screening contracts cannot be an equilibrium
when the number of low-default borrowers is large enough: A pooling deviation exists because
low-default borrowers prefer to be pooled; since that allows them to get a lower credit constraint

at the cost of a small interest rate increase (See Figure [6).

Increasing utility level
wcreaslng utilitylevel

iation from scre:

g Dreakce

rofitable dev

Profitable deviation from pooling

=~

Figure 6: Perfect competition case: Devia-
tion from screening always when the share
of good borrower is high

Figure 5: Perfect competition case: Devia-
tion from pooling always exists

To overcome this non-existence result, one can use other equilibrium concepts as in, for
instance, Riley (1979), Bisin and Gottardi (2006), or Wilson (1980). The two first equilib-
rium concepts restore the existence of the screening equilibrium, while the third one restores
the pooling equilibrium. Another way to overcome this issue is to change the modelling. For
instance, Guerrieri, Shimer, and Wright (2010) assume that the principal can match at most
one borrower. Finally, allowing for mixed strategies also solves the non-existence problem (see
Dasgupta and Maskin (1986)) for proof that a mixed strategy equilibrium exists, and Lester,

Shourideh, Venkateswaran, and Zetlin-Jones (2019) or Farinha Luz (2017 for a numerical so-

19



lution to those mixed strategies). Mixed strategies are computationally demanding, so they are
restricted to stylized models that cannot flexibly capture important channels in an empirical ap-

plication. Furthermore, mixed strategies are not observed in most set-ups.

In my model: I show that imperfect competition restores the existence of a pure strategy
Nash equilibrium. I derive the conditions for the equilibrium to exist. When demand elasticities
are large, I use a capacity constraint as in Azevedo and Gottlieb (2017)). The following propo-
sition states the conditions under which the capacity constraint is needed and characterizes the

equilibrium.

Definition 1: Capacity constraint
A lender has a capacity constraint if they cannot serve more than a certain number of customers
N. Idenote by k; the maximum share of customers that the firm can serve if they only serve type

i borrowers (i.e., {k; : ki -n; = N}). I denote k = maxe(q,py ki

For simplicity of notation, we now assume that the price elasticity of both borrowers is the
same (0 := 0g(1 — 5§) = op(1 — 5£)). The equilibrium existence result does not rely on
this assumption. However, it allows a simple characterization of when the capacity constraint is

required.
Proposition 3: Equilibrium existence, uniqueness and characterization

Existence and uniqueness: There exists a unique pure strategy equilibrium as long as the

1

demand elasticity o is lower than ¢ = WPy —mei—T

or as long as lenders have a capacity

constraint k < %

Characterization: The equilibrium is symmetric and is given by replacing N; with g and

N; . 1 .
T N with A=, in the formulas and .

Proof: See Appendix

In my model, deviations from screening are not profitable when the demand elasticities are
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low enough, since they attract too many high-default borrowers to be profitable. The reason is
that lenders cannot attract all borrowers and that the deviation is relatively more valuable to high
default borrowers. Deviations from screening (i.e., using cross-subsidies) are more valuable to
high-default borrowers because they require increasing the G contract loan size and interest
rate, which is relatively more valuable and less costly to the high-default borrowers. A heuristic
derivation of this argument is given in Appendix [J|

A visual representation of this argument is provided in Figure [ The most profitable per-
fect competition pooling deviation implies moving along the G borrower indifference curve.
This deviation makes the G borrower indifferent and the B borrower better off. Under perfect
competition, the deviation attracts the full market segment. The break-even rate is thus below
the pooling contract deviation when there are enough low-default borrowers. Under imperfect
competition, those deviations attract too many high default borrowers to be profitable. This is
as if the break-even condition for the representative borrowers endogenously moves above the
pooling contract.

All in all, the equilibrium under imperfect competition features just enough cross-subsidy
so that any pooling deviations are not profitable as they attract a relative number of types of
agents so that the existence condition in Rothschild and Stiglitz (1976) is satisfied. Deviations
using cream-skimming strategies (as in the deviation from pooling case) are also unprofitable
because they attract too few borrowers from other banks and make you lose too many high
default borrowers for which you make profits on

When competition is high enough, pooling deviations become profitable because lenders
can attract the full market segment. Therefore, the argument that pooling deviations are rela-
tively more valuable to high default borrowers is not valid anymore. To prevent this, I introduce

a capacity constraint.

Using Lemma 2 3 and 4 and Proposition 3, we can derive the level of credit rationing. Given

(14), the level of credit rationing is proportional to the interest rate spread. Formally:

Lemma 4: Equilibrium level of credit rationing (interior solution): Abusing notation I use

8. Similarly, when the equilibrium is such that once makes negative profits on the B market segment, the devi-
ation from pooling do not deter enough B borrower from moving to another lender.
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og and op as a shortcut for og(1 — 55) and op(1 — 52).

B
per fect competition distortion level cross—subsidy channel
1 1 1 o Iz .
Lg = ——[SsL + —~ < b 18
¢ SBG’[ b EUGQG oplp’  ogbc 0393) (1%
competiti:n channel
Spe = WTPp — == (19)
Oc
Sy = WTPi—n;—C, i€ {G, B} (20)

7

Equation (73) captures the three channels that drive credit rationing. I use the notation
WTP; = 3 to distinguish the elements in the formula that depend on borrowers” preferences
from the one that comes from the supply side.

The first part of the formula (i.e., ———(az — mc)L) captures the level of distortion
aB—mc%
absent any markup or cross-subsidy (i.e., the perfect competition credit rationing level). (ap —

mc)L is the utility of B borrowers under perfect competition when the contract is priced at

marginal costs (Rp = ;lBC). apg — ch—g is the utility derived from B borrowers per dollar lent

when choosing the contract designed for G borrowers under perfect competition (Rg = ZL—GC .

(ap—mc)L
—melB
ap—megh

each contract is priced at the break-even price.

Loan size Lg = renders the B borrower indifferent between the two contacts when

The second term captures the distortion level once we add the perfect information markups

1 1

lefelde] ol

(i.e., the inverse interest rate elasticities). ( ) is the difference between the perfect

information markups of the G and B contracts when the competition level is (0¢, o). A higher
spread makes the G contract less attractive for B borrowers which relaxes the credit constraint.

The last term captures how much cross-subsidies are used to relax the credit rationing.

5 Analysis of the Equilibrium Contracts

In this section, I provide a positive and normative analysis of the equilibrium contracts.

5.1 Positive analysis of the equilibrium contracts

This section provides comparative statics with respect to competition (o) and changes in the
marginal costs of lending (mc) of a given contract type. I allow for the marginal cost to depend

on contract characteristics. Appendix [M|details the formal analysis of this extension.
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I focus on an interior solution (i.e., Lg < L and the participation constraint is not binding)
as changes in L provide intuition about the different forces behind pooling and screening
incentives.

In appendix N| I provide additional comparative statics with respect to adverse selection
(z—g), and changes in prices of the good bought with the loan (a)) — also referred to as house

prices.

Result 1: Competition. Let us denote Ao := g—g and look and changes in competition levels
(0 = o), holding the ratio Ao constant.

(i) Lender screen when competition is high enough (i.e., o € [0*, 0)).

(ii) When competition decreases (o |), the amount of credit rationing and the interest rate
spread decreases as long as the cross-subsidy effect described in Lemma 4 dominates that of
the competition (i.e., MU + C'S > 0). The switching point between screening and pooling (c*)
is defined by:

o MU+ CS D
1 1
MU = — — 22
Ui=g. = Aot =Y (22)
CS = ( Lo +Ig)) >0 (23)
o AU@G B

The intuition behind result 1 (i) is presented in Section d] When the market is competitive,
lenders have to price each borrower close to their perfect information prices; otherwise, they
can lose their most profitable customers to a competitor.

Result 1 (i1) derives from the following considerations. Let us consider for simplicity that
demand elasticities decrease proportionally (i.e., o decreases holding Ao constant). Under
perfect information, banks can increase rates by approximately elidagl as demand elasticities
decreases. However, under imperfect information, it is optimal for lenders to increase the rate
relatively less for B borrowers. By doing so, they make the G contract less attractive to B bor-
rowers, which allows lenders to lend more to G borrowers. Thus as competition increases, the
spread between interest decrease rates decreases. When competition decreases relatively more
in the G market segment, it creates and additional channel that goes in the opposite direction.

Equation states that lenders tend to pool more often (¢* 1) when there are more profits

to be made in the G market segment and when asymmetric information discounts and premiums
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are effective in dealing with the distortions. Those channels are captured by the CS term in the
denominator. The term MU < 0 captures the spread between perfect information markups.
When |MU| is high, the perfect competition contract is less incentive-compatible, making it
more likely to screen. The numerator captures how large the distortion would be absent any
cross-subsidies or markups. It is a function of the spread between defaults and the loan size.
The higher those elements, the more cross-subsidies are required to maintain pooling. High
levels of cross-subsidies are only feasible when competition is low.

Overall, this first result goes against the standard argument that lowering competition leads
to lower loan sizes due to monopoly distortions.

I summarize Result 1 in Figure [/, where I plot the various types of equilibrium that arise
when competition and the number of borrowers variy. To focus on risk discrimination, the fig-
ure is plotted for the case in which Z—g = 1 and varies the level of product elasticity (o) while
keeping the ratio of product elasticities constant. Figure §|highlights that the capacity constraint

has no impact on the equilibrium once the competition is low enough.

Level of competitionat which the Level of competitionat which the

B Participation constraintof n% is binding Participation constraintof n® is binding G
n B

" \ Pooling "
\ Mixed strategy
\ Pooling
\\
\ \
\\\ /7— \ e //—
\ M /// /
\_// / \\)/7 / /
v / . /
Screening Exclusion Screening / Exclusion
0 i 0
Figure 7: Equilibrium regions with the ca- Figure 8: Equilibrium regions without the
pacity constraint capacity constraint

Result 2: Marginal costs (monetary policy, risk weights).
(i) Increasing the marginal cost of lending via for instance capital requirements of low loan

contracts decreases the credit rationing level and interest rate spread under high competition

CS[ZEL—1]-MU

but increases it it under low competition (i.e., 0 < Ope,, = a]

(ii) Increasing the marginal cost of lending of high loan contracts increases the amount of

credit rationing.
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Proof: See Appendix K]

To analyse result 2, I decompose the effect of marginal cost into a perfect competition and an
imperfect competition channel. For intuition, let us consider a situation in which the marginal
cost of the G contract increases.

Under perfect competition, the cost has to be passed through interest rates. As a result, the
rate of the G contracts increases, which makes it less attractive to B borrowers. As a result, the
incentive compatibility constraint is relaxed and lenders can increase the G loan sizeﬂ Under
imperfect competition, the increase in the G marginal cost decreases the potential social surplus
generated by the G market segment relative to the B market segment. This creates incentives to
distort the G contracts more heavily in order to extract more surplus from the B market segment.

This comparative static is particularly relevant for credit markets. Indeed, banking policies
often affect the marginal cost of lending but are not analyzed through the lens of screening
models. Depending on the contract characteristics used to screen, different policies can be
analysed with my model. For instance, in markets in which lenders screen with maturity (see
Hertzberg, Liberman, and Paravisini 2018|for empirical evidence), quantitative easing (QE) is a
pertinent policy. This is because maturity plays the same role as interest rate in the model, and
that QE affect marginal costs of originating contracts with different maturity. In markets where
lenders screen with Loan-to-Values (See Taburet, Polo, and Vo [2024, for empirical evidence,
then capital requirements are the relevant policy. LTV plays the same role as loan size in the
model, and capital requirements are often LT V-specific.

I summarize Result 2 in Figure [0]

5.2 Normative Analysis: Screening Externality and Pareto Improvement

In this subsection, I show that a contractual externality may cause excessive screening. This
implies that there is room for policy interventions. I derive a sufficient statistic to test for its
presence in the data. This externality is present even in the region in which the capacity con-

straint is irrelevant (see figure[§)), which renders it a robust feature of screening models.

9. Increasing the marginal cost of B contracts has the opposite effect, as it tightens the incentive compatibility
constraints. When both marginal costs increase, the second effect dominates as interest rates increase relatively
more in the B contract because default probabilities scale them up.
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Figure 9: Equilibrium regions when marginal costs increase

Contractual externality: To obtain a lower bound on the contractual externality, I show
that there exists a menu of contracts that makes all borrowers and lenders better off. I do so
by solving for the optional contract of an informationally constrained social planner. Formally,
the social planner maximizes lenders’ profits subject to (i) the same incentives compatibility
constraints as lenders and (ii) providing at least as much utility to borrowers as the market
contracts for a given competition level (denoted (uj;, uf.)). That is, the problem is the same as
(6) but with constant market shares (n;) and the participation constraints being equation to u
instead of V. The constant market shares assumption shuts down the contractual externality.

The social planner’s problem can be written:

profits on type i market segment
A

Market size , <
max _ n; [(WTP; — m—C)LZ —uf]
{(Lp.La)e[0.L]2} 5 0;

s.t. (IOB) : u*B = UZv + (WTPB - WTpg)LG

Using the first-order conditions, I derive the following Proposition:

Proposition 4: Sufficient Statistic for the Contractual Externality.

Banks should pool borrowers together at L if and only if:
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WTP; 4 ng
(WTPg — WTPg) ng

>1 (24)

However, except under monopoly, the competitive equilibrium switching point differs from
the social planner’s one (24). For instance, according to Result 2, when both participation

constraints are not binding, banks pool borrowers if and only if: o € [0, 0*].

Proposition 4 shows the conditions under which the equilibrium is inefficient in the second-
best sense.

The friction emerges for the following reasons. Maintaining customers’ incentives to self-
select is costly since it may require distorting contracts relative to the first best. When the
distortions are too high, it is more efficient to pool borrowers instead. Yet, if pooling contracts
are offered and competition is high, a competitor can take advantage of a pooling contract by
introducing a product that steals only the most profitable customers (cream-skimming). The
friction arises because lenders do not internalize how their screening strategies (e.g., cream-
skimming) change the types of borrowers selecting competitors’ products — and thus the cost
of lending via those products.

This friction exists only when pooling is a Pareto improvement over screening so that cream-
skimming deviations are ex-post inefficient. Equation (24)) captures the condition for the latter
to be true. The numerator is the benefit of increasing L, and the denominator represents the
costs. Increasing the loan size allows the social planner to generate more profits (W71 P; — %)
per G borrowers. However, to maintain incentives to self-select, lenders have to decrease the
interest rate on the B market segment, which leads to a loss of (W71 Pz — WT P) per B bor-
rower. In this model, the utilitarian welfare function—used in, for instance, Lester, Shourideh,
Venkateswaran, and Zetlin-Jones (2019)—is equivalent to decreasing the level of credit ra-
tioning (i.e., considering only the numerator of equation (24)).

Equation can be used to test for the existence of the contractual externality. We can use
a revealed preference approach to recover borrowers’ willingness to pay and relative contracts’
shares to obtain the relative numbers of borrowers. The marginal cost can be recovered either
using accounting data or by estimating it using interest rate first-order conditions as is standard

in the industrial organisation literature.
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Effect of policy interventions: In Appendix[O] I show that decreasing competition can lead
to a Pareto improvement. A similar result is obtained by changing marginal costs. The intuition
is that it lowers’ incentives to implement cream-skimming deviations. The policy can render
G borrowers better off by lowering their credit constraint at the cost of increasing the markup.
B Borrowers get a higher information rent but also a higher markup. Finally, a decrease in
competition allows lenders to extract more surplus from their customers. Figure [10]illustrates
the set of parameters for which decreasing competition is a Pareto improvement. This is the case
when cream-skimming occurs and is inefficient. That is, when the number of high borrowers is

relatively large and competition is high.

Level of competition at which the Level of competition at which the

G Participation constraint of nb is binding Participation constraint of n® is binding
n

nB

Pooling

Set in which decrease in
competition
isa Pareto improvement

Screening ‘ Exclusion

Figure 10: Pareto set

6 Empirical Application

This section illustrates how to bring the model to the data.

The identification and estimation in a general credit market set-up are discussed in length in
Appendix [P| I discuss the identification and estimation of model parameters for types of datasets
commonly used in banking or insurance. In the first scenario, I consider that the econometrician
has data on menus and customer choices but only for an individual firm. This is the most
common scenario in which menus are observable (see, for instance, Hertzberg, Liberman, and
Paravisini (2018]) for the credit market or Tebaldi (2024])) for the insurance market). I refer to this

as the proprietary data case. Second, I analyse the second situation in which the econometrician
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has data on multiple firms but can only see the equilibrium contracts chosen by each customer.
This is the data constraint faced when using credit register data (see, for instance, Crawford,
Pavanini, and Schivardi|2018]).

The Appendix [Plalso summarizes the empirical facts that guided my modelling assumptions
and develops extensions that render the model applicable to a wide range of empirical setups.
In particular, I discuss how to deal with maturity and the fact that default probabilities depend
on contract terms in the main text, since these are directly related to the empirical application
in Section [6] I defer to Appendix [Fthe extensions such as multiple borrower types and contract

characteristics.

6.1 Data and Setting

I use data from a key paper on screening in credit markets: Hertzberg, Liberman, and Paravisini
(2018).

The data concern an online lending company, Lending Club (henceforth LC) in 2013. This
is an ideal institutional setting for studying screening with menus of contracts. The dataset
contains all information observed by lenders at the time of origination. The menu offered,
borrowers’ choices, and defaults are also observable.

LC is an online lending platform that offers unsecured loans for amounts between $1,000
and $35,000. LC was the largest online lending platform in the U.S. in 2013. It originated $4.4B
in consumer loans across 45 states. Prosper Marketplace, its nearest rival, originated $1.6B in
the same year.

The borrowing process is the following. Prior to the borrower’s selection of a loan amount
or maturity, LC assigns them to one of 25 risk categories using a proprietary credit risk assess-
ment algorithm. The algorithm uses the hard information in a borrower’s credit report (e.g.,
FICO score, outstanding debt, repayment status) and income. Conditional on the risk category,
borrowers are offered the same menu. They can choose how much to borrow and a maturity of
36 or 60 months. The interest rate only depends on the risk category, not on the loan size or
maturity. For low loan size amounts, only the low-maturity contract is available. I observe the

risk category, the menu available to the borrower, and their choice.

Model setup: Hertzberg, Liberman, and Paravisini (2018)) show that LC can screen borrow-

ers with maturity. To capture the LC set up, I thus allow lenders to choose monthly payments,

29



maturity and loan size. I use a flexible model that allows for moral hazard and adverse selec-
tion: Default probabilities depend on borrower characteristics and monthly payments. I also
allow for an arbitrary number of types Maturity plays the same role as the interest rate in the
baseline model. I derive the pricing equation by taking the first-order conditions with respect to
maturity. Appendix [R|derives sufficient conditions for the model to match menu patterns (i.e.,

fixed interest rates conditional on the risk category and a continuum of loan size offered).

6.2 Identification and Estimation

I apply the approach discussed in Section Given the variation in menus generated by risk
categories, I can use only step 1 and a generalized version of step 3 to recover key model pa-
rameters. Nonetheless, I present the results of step 2 at the end of the section to show how they
can be used to derive information about the distribution of willingness to pay and that the results

are plausible.

Default Probability Estimates (Step 1): I start by calculating the average default probabil-
ity on long and short-maturity conditional on the borrower’s investment grade and the monthly

payment-to-income ratio (Denoted PI;). I run the following regression:

Montly P ti
1 — Default; = 5?'5 + B ontly aymen

7 + alir,—60 Month} + €i (25)
ncome;

De fault; is a dummy equal to 1 if the loan is reported as charged off after the loan should

have been completely repaid. 5igt are investment grade-time fixed effects. The superscript g

Montly Payment;

indexes the grade and t the time. 7 ,
ncome;

is the monthly payment to yearly income
ratio. I normalize the standard deviation to one. « is the coefficient of interest. This coefficient
captures whether high-default borrowers self-select into different loans.

I define 6; as the monthly survival probability. Formally, denoting \; the hazard rate:

log(E[1 — Defaulti|gi, T;, Mo Saments])
T 1 (26)

0; := e ™ where \; := —

Marginal costs, Demand elasticities, asymmetric information premium and discounts

10. Appendix (S) shows that the equilibrium conditions of the model with an arbitrary number of borrower types
but with LC choosing to offer two optimally, and the optimality conditions with two borrower types are identical.
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(Generalized Step 3):
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Figure 11: Decomposition of the present value of the average loan (normalized by loan size)

I use the optimal pricing condition to recover marginal costs, the asymmetric information
premium and discounts and the demand elasticity. Instead of inverting the equation as sug-
gested in section (P), I leverage variation in the relative market share of the contracts for each
investment grade. I do not observe the marginal cost.

In practice, I run the following two regressions. For the high-maturity contract, regress the
present value of the loan on loan size, a constant, and the relative contract shares (Z—zg, where 36
stands for the low maturity contract). For the high-maturity contract, I regress the present value
of the loan on the loan size and a constant. I parameterize the principal of the loan R as a linear
approximation of the continuous time annuity formula (pR := M|[1 — e?T] ~ pmT where m
is the monthly payment, and T is the maturity so that M pT is the approximate loan present
value). All coefficients on the right-hand side should thus be interpreted as divided by p. This
implies that the equation identifies the relative value of each component of the pricing equation.

Formally, I run the two regressions for each month:

n36g

Information rent: —or,

ingog g

Present Value Break even

e “mark up” —
Is N K—JR A n
E[0]g:,T; = 60]R; = merky + “or, ~ + 0 +é; 27)
Neog
\E’[@Z ]gi, jjﬁ = 36] R} = mepkl; + « +e; (28)
Present value Break even ~ Total markup: UTi(l"‘Ig)

(mer,, o1, B, ) are the parameters to estimate. I interpret them through the lens of the
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structural model. The error term e; captures the heterogeneity in demand elasticity o; — o and

a3eg—mc

T Pyog “WTPag " I allow for the marginal cost to vary at

information rent I,0; — [0 where I, :=
contract-month level, so it is unlikely that the error term contains heterogeneity in costs.

The coefficient 5 is the information rent oggl. I recover I as BO. The coefficient « captures

66
the perfect information markup and the asymmetric information premium os6[1 + I]. I recover
036 as ﬁ

Equations and are identity regressions. Thus the independent variable impact
should not be interpreted as causal. However, allowing for error terms to arise from borrower
unobservable heterogeneity implies the following exclusion restrictions.

The variation in relative market shares across investment grades allows us to identify /.
The identifying assumption is that the relative market share variations (%) are uncorrelated
with preference heterogeneity W1 FPso, — WT P36, and uncorrelated with the average demand
elasticity oz of borrowers who choose 60-month maturity contracts. Since the investment grade
goal is to predict default (i.e., the borrower’s cost) and not demand elasticities, this assumption
is plausible.

The variation in loan size within a group allows for recovery of the marginal cost mc. Condi-
tional on the market segment, the loan size variation should be uncorrelated with deviation from
the average demand elasticities o7, (i.e., search costs). To mitigate the endogeneity concern, I
use a granular instrument approach. That is, I instrument loan size using the residual from
a loan size regression while controlling for contract characteristics and observable borrowers’
characteristics. The underlying assumption is that search cost heterogeneity is uncorrelated with
residual demand. The results are very similar with and without the instrument.

The linearity of the model allows use of the full set of tools developed in the reduced-form
literature, such as difference in difference. This is a main advantage of this model compared
with a theory-oriented framework such that of Lester, Shourideh, Venkateswaran, and Zetlin-
Jones (2019). The simplicity of the model also makes the exclusion restrictions transparent, as
the error term has a structural interpretation. A caveat of this approach is that results depend

on the interpretation of the coefficient of the linear regression. Given that markup and adverse

selection are not directly observable, imposing some structure is, however, necessary.
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6.3 Results

Table |1| reports the results of the default regressions. The average default probability is 15
percent. Borrowers who choose high-maturity contracts are o 4 per cent more likely to see
their loan charged off. The implied average hazard rate is 4 - 1073, and that of borrowers with
high-maturity contracts is 2.7 - 1073. The hazard rate allows accounting for the fact that with
constant default probabilities, longer loans are more likely to be charged off.

Results of the present value regressions are reported in Tables 2] and [3] All coefficients are
significant and have the sign predicted by the theory. Figure provides a visual decomposi-
tion of the present value of the loan. All else equal, high-maturity contracts are more expensive
to originate (the marginal cost is 1.5 per dollar lent instead of 1.2). Borrowers who self-select
into low-maturity contracts are less likely to default (from step 1). They are also very elastic,
so they do not pay any markups. This is consistent with the fact that search costs are very
low in the online lending market. Borrowers who self-select into high-maturity contracts are
more likely to default (from step 1) and are less price elastic. Their perfect information markup
would be 0.2 dollars per dollar borrowed. However, because of adverse selection they receive
an information rent that cancels this markup.

Overall, due to screening, prices are close to the first best case. However, low-default bor-
rowers get a lower maturity compared to what they should get under perfect information. To
understand whether there is too much screening, I use the social planner’s framework described

in Section

Competition: Sufficient Statistic. Using Proposition 4, I find that: ZZ—S‘Z] = 132 >
E|6;|g;,T; = 60] = 0.99. This result implies that there is excessive screening. Due to the
contractual externality, low-default borrowers obtain a lower maturity than what they should get
under perfect information but also lower maturity than what they should get in the second-best
scenario (informationally constrained social planner). Decreasing competition or increasing the
marginal cost of lending via low-maturity contracts can thus lead to a Pareto improvement. The
exact cost of the distortion requires extrapolating preferences away from their local estimates.
Using the linear model assumption, low-default borrowers would prefer to go all the way to

60-month contracts.

Distribution of willingness to pay (Step 2): To test whether the inequality constraint as-
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sumption delivers reasonable results, I implement step 2. I use equation (85)) to recover the
distribution of borrowers’ willingness to pay. For each borrower, I calculate the implied loan
size that would give them the same monthly payment if they were to change maturity. I con-
sider only borrowers for whom the alternative combination of loan size and maturity is feasible,
given the menus offered by LC.

For a given investment grade, the inequality allows me to recover one lower bound for the
willingness to pay of high-maturity borrowers. I use interest rate variation across borrower
investment grades to recover the shape of the distribution of willingness to pay. The identifying
assumption is that the distribution of loan size marginal utility (o« ~ ) does not change with

investment grades.

0.0 e B ——

20
‘Wilingness to pay

Figure 12: Borrowers’” willingness to pay (all market segment pooled)

Figure (12) report the distribution of willingness to pay. The average willingness to pay is
1.6. Interpreting the value in terms of a two-period model, the results imply that for each dollar

borrowed in period 0, a borrower is willing to pay up to 1.5 dollars in period 2.

7 Conclusion

This paper bridges theory and empirics. I develop a new structural model to study contract term
distortions that stem from adverse selection. I analyse the theoretical properties of the model
and discuss identification of its parameters.

The key innovation is to use a discrete choice approach to model imperfect competition.
It makes the model both well-behaved and empirically tractable. The model can accommo-

date various empirical situations by allowing for moral hazard and adverse selection, multiple
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borrower types and contract terms.

The paper carefully analyses the equilibrium existence, which is one of the central theoreti-
cal issues of screening models. I show that the equilibrium always exists and characterize it in
closed form. I use my closed for characterization to analyse a contractual externality that arises
from screening and derive novel implications for monetary policy and capital requirement.

The model is empirically tractable, which allows for discussion of exclusion restrictions
and provides a structural interpretation of a linear regression of prices on quantity. I propose a
research design that is robust to adverse selection and does not rely on estimating borrowers’
choice set and default elasticities, which is problematic in the context of adverse selection.

The tractability of the model also paves the way for studying a wide set of counterfactuals
with endogenous menus of contracts. This is crucial since empirical works on asymmetric
rely on counterfactual analysis as changes in information are difficult to measure. Existing
models with endogenous menus, such as Wollmann (2018)), use numerical methods that are

computationally demanding and not robust to the initial conditions.
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A Tables

Table 1: Survival Probabilities

Loan is fully paid at maturity

Term: 60 months -4
(0.0118)
Monthly payment to income ratio -2
(0.01445)
Subgrade fixed effect Yes
Average number of defaults at maturity 15

Table 2: Present value regression (60-month maturity)

Present Value

Intercept 4¢3
(1.5¢?)
Loan Size 1.5
(5.5¢ %)
Market share ratio 93¢?
(1.3¢%)
Average present value 34,438
R? 0.98

Table 3: Present value regression (36-month maturity)

Present Value

Intercept 82
(25.4)
Loan Size 1.2
(1.5e73)
Average present value 16,940
R? 0.98
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B Literature Review

There is a growing empirical literature on adverse selection. A first strand of the literature
developed tests for adverse selection using reduced-form approaches (Chiappori and Salanié
2002, Karlan and Zinman 2009, Hertzberg, Liberman, and Paravisini [2018). Following Einav,
Finkelstein, and Cullen 2010, a second strand of the literature developed models to estimate the
cost of adverse selection based on Akerlof (1978). In particular, papers in credit markets have
focused on the case in which lenders can only choose interest rates (e.g., Crawford, Pavanini,
and Schivardi 2018, Nelson 2018, Darmouni 2020), or in which lenders can pay a fixed cost to
learn about a borrower’s type (Yannelis and Zhang 2021). My paper differs from previous work
by looking at a situation in which lenders can screen their customers by designing their menu
of contracts["]

My paper also contributes to the theoretical literature on adverse selection and on the role of
contract terms and prices as screening devices. The vast majority of the literature assumes either
perfect competition (Rothschild and Stiglitz |1976) or monopoly (a la Stiglitz [1977)). Recent
examples of perfect competition models are those of Azevedo and Gottlieb (2017) for a model
solution based on an equilibrium refinement and Guerrieri, Shimer, and Wright (2010) for a
pure strategy characterization based on the assumption that the principal can match with at
most one agent. The use of refinements emerged because the mixed strategy equilibrium is
difficult to compute even in stylized frameworks (see Farinha Luz (2017) for the first numerical
characterization in a Rothschild and Stiglitz (1976) model).

My paper is closer to that of Chade and Swinkels (2021) and Lester, Shourideh, Venkateswaran,
and Zetlin-Jones (2019), who use a framework with imperfect competition. Chade and Swinkels
(2021) focus on a situation in which the principal has heterogeneous costs of producing a good
of a given quality and uses the menu to screen agents with heterogeneous willingness to pay. In
contrast, this paper focuses on a situation that is closer to the banking market, in which the cost
heterogeneity is on the agent, not the principal.

Lester, Shourideh, Venkateswaran, and Zetlin-Jones (2019) is closer to my framework. It

11. The closest paper is by Taburet, Polo, and Vo (2024), who use a structural model of screening for default
probability. I make different modelling assumptions to analyse the theoretical properties of the model and develop
a tractable model that allows studying a wider range of counterfactual experiments. I also propose a different
research design that can be applied in situations in which only data on an individual firm are available.
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uses a search model a la Burdett and Judd (1983) to model imperfect competition in an otherwise
standard screening model in goods of different quality (Ilemon market). In contrast, my paper
focuses on credit markets and aim to develop and empirical framework. As such, the modelling
assumptions, the analysis and the comparative statics are different. I use a discrete choice
approach to develop a model that is empirically tractable and discuss the identification of the
model parameters. The theoretical analysis relies on a continuous demand system instead of a
discrete one. This implies that I can use first-order conditions to analyze the model properties
and deliver closed-form solutions in pure strategyE] I also use the model to derive different sets

of comparative statistics relevant to credit markets and focus on the contractual externality.

C Possible micro-foundation of borrowers’ indirect utility

This section provides a micro foundation for the indirect utility function u. I use a mortgage
market micro-foundation. Alternatively, one can assume that lending is used for consumption
in the first period and get rid of the housing modelling. Appendix [D|presents micro-foundations
for a model with maturity, collateral and fees.

Borrowers have income [ in period 1. They can get a loan (L.) to invest in a house of
size (H1) that yields utility F'(H;) in each period as long as they do not sell it. They can also
consume (C'), from which they derive utility (u(C})). The function F and u are increasing and
concave with F'(0) = u(0) = 0. Borrowers discount period 2 utilities with the discount factor 9.
In the second period, borrowers’ income is either W with probability (¢) or O with probability
(1 — 6). Borrowers use their income W to consume (C) and to repay the loan (R.). When
their income is equal to zero, they fire sell the house and get (yH) to repay the loan R.. The

borrower’s maximization problem is:

12. Papers such as Lester, Shourideh, Venkateswaran, and Zetlin-Jones (2019) rely on a mixed strategy numerical
characterization. Their model has to be solved in pure strategy because of their modelling of demand. By mod-
elling borrowers as some being infinitely price elastic while others being completely inelastic, Lester, Shourideh,
Venkateswaran, and Zetlin-Jones (2019) end is a situation similar to Rothschild and Stiglitz (1976)) in which both
pooling deviations attract the same proportion of good and bad borrowers as in the full market. As discussed in the
introduction, this creates, in some situations, incentives to deviation from both pooling and screening, preventing
the model from being solved using pure strategies.
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utility when not defaulting utility when defaulting
A A

r ) r )

n{lg}x uw(Ch) + F(Hy) + 60 [u(Cy) + F(Hy)] +0(1—0) [u(max{vH, — R,0})] (29)

s.t. 01+H1 =Lc+[ (30)

Co=W —R, 31)

Assuming, for simplicity of notation, that fire selling the house in the second period is
costly (v = OE] and that borrowers prefer to invest in the house rather than consuming in
the first period (i.e. v/(0) < [1 + WTP(1 — d)F’(L)], with L being the maximum loan size
available), but that they prefer consuming rather than getting a new house in the second period

(i.e., v (W) > F’(0)) the indirect utility can then be written:

u; = [00 + 1]F (L. + I) — 660u(W — R,) 32)

The expression implies that high default borrowers are more likely to have a high will-
ingness to pay for the loan, since they do not expect to repay the full face value of the debt
(captured by 5_10)' When the utility of consumption is linear, the same indirect utility as in equa-
tion (I)) is obtained (up to a normalization of the R coefficient). This assumption is consistent
with Hertzberg, Liberman, and Paravisini (2018]) empirical finding that self-selection in the con-
sumer lending market seems to be driven by private information on the income process rather

than risk aversion.

D Extension: Loan-to-value fees, Maturity, and Collateral

The loan size L and the repayment R can also be interpreted as LTV and maturity, respectively.

The following paragraph presents a formal argument for the LTV and its maturity.

Loan-to-value and fees: The model presented in Section |C|can be extended by allowing

13. In that particular case, borrowers would be better off keeping the house (and lender would be no worse off).
Selling the house upon default can be, however rationalized by the use of the house as collateral to prevent borrower
from filling for default even when income is equal to W (see appendix .
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borrowers to have income (A) in the first period of the contract to allow for down payments (D)

and fees (f). The utility thus becomes

w; = [60 + 1]F(L + D) + u(A — D — f) — 66u(W — R) (33)

In that case, we get that high-default borrowers are less willing to put their own wealth into
their houses. This justifies the fact that, under screening, high-LTV loans will be selected by
borrowers with unobservably high default probabilities.

When the marginal cost of lending mc is greater than 1, the optimal contract is such that the
lender requires much down payment as possible (i.e., D = A). Loan size L in equation (I]) can

thus also be interpreted as loan-to-value.

Maturity: The full model with maturity is presented in Appendix [El This section focuses
solely on the main equation. When the default rate is constant in each period, the borrower’s

value function can be written as

o _ ,—pT
y - E(L+D) p90[1 eﬂ]_D_f_ a4

% is the present value of the loan. %[1 — e #T] is the present value of the debt for

borrowers. p is the discount rate. 6 is the per-period survival probability. 7' is the maturity.
0C = 0r + (1 — 0)[yK + A] is the expected per period loan cost for borrowers, with r as
the monthly payment, K the collateral value, and A as a cost of defaulting beyond the loss of
collateral.

The supply side is identical to the one presented in the following section but set in contin-
uous time. Lenders offer differentiated loan products and maximize their expected profits. I
show in Appendix [E]that it is optimal for the lender to set very high monthly payments (infinite)
and minimise the contract’s maturity so that the borrower’s probability of paying the non mon-
etary cost is minimal. If there is a limit on how high the monthly payment can be, for instance,
repayment cannot be higher than disposable monthly income, it is optimal to set the monthly

payment at the limit and extract surplus with the longer maturity.
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Collateral: Appendix |G]states the conditions required for collateralized debt to arise as the
optimal contract. There are two critical assumptions. The first states that lenders cannot observe
the cash flow (which is costly to do so as in Townsend [1979), so borrowers can lie about their
income. The second assumption is that the bank can use collateral and seize it upon default if
this is more efficient than spending the verification cost. For the collateral to be seized only
upon default, the bank must value it less than the borrower. This assumption is adapted from
Lacker (2001) to fit mortgage markets (see Appendix [G). Papoutsi, Paravisini, Rappoport, and

Taburet (2024) show that empirically, this assumption holds in the market for corporate loans.

E Model with Maturity

E.1 Borrower

A borrower derives utility F'(z) during the time interval A¢. With probability (1 — 0At) the
borrower can repay the monthly loan payment r L during that period. With probability (1—6)At,
the borrower defaults and loses collateral cK.

Denoting V' (t) the value function of the borrower at time t when he did not default and V'(t)

when he defaults, denoting the discount factor by p, the value function is

AtA(t)
1+ pAt

1— \(t)At

V(t) = F(2)At + A

{[V(t+ At) — cK]} +

[V(t+ At) —rL]. (35)

Assuming constant default probability, constant hazard rate A and outside option, taking the
limit when At — 0 and using the boundary condition V(T) = V(L) = V(T) = F(L) SSO e Pldt

%F(L) and using the discount factor p for the period below the maturity, we get for ¢t < 7"

R
+ (1 -] (36)
% is the present value of lending. e=*7 is the probability of survival until maturity times
the discount rate. R := OrL + 0[cK + AV] is the expected per period cost of the loan for
borrowers.

I parameterize V = V — § so that AV is a constant equal to J. This implies that lenders
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expect next-period value functions V (¢ + At) and V (¢ + At) to satisfy an equilibrium condition
V = V — 4. This can be interpreted as borrowers who renegotiate the debt upon default and get

their previous value function minus some amount J.

E.2 Lender

Each lender maximizes expected profits:

max B(V(D){ (1 —=XN)rL+ XK

1—ePT9] —meL 7
o pax ; [1—e | — meL} (37

Using equation to express the problem in terms of promised utility yields

By 22— 0] — et 39)

{V,K,T,L} P

So, lenders want to minimize borrowers’ default to prevent borrowers from paying the cost
of defaulting AV. With exogenous default, lenders want to set maturity to zero and monthly
payment to infinity.

If there is a limit to how high the monthly payment can be (for instance, if monthly payment
rL cannot be above monthly income 1), then the lender sets L to W and extracts surplus

using the interest rate rather than maturities.

F Extensions: Many Borrowers, Many Contract

Features

The model can be extended to feature an arbitrary number of characteristics X, as long as they

enter linearly{|

B'(L,X)—6R (39)

14. Interaction terms are possible, since 81 L + f2L - C' = 1L + B2 X.
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where R is the present value of the loan and X a set of characteristics such as fees or financial
advice, and [ is a vector of preferences.

Using the fact that R = WT P(L, X) — u, the lender problem is thus

et Ni(0u)[B'(Li, X;) — Ogu; — me(X, L)] (40)

s.t. U; = U + (WTR - WTPj)/(Xj, LJ>

F.1 Many borrower types, unidimensional case

Let us consider x borrower types. I denote them with the index i € N*, with WTP, >
WTP;, Vi < j. The incentive compatibility constraints can be written as a set of IC and a

monotonicity constraint:

(ICS) DU = Ug + AWTPlLQ = Uz + AWTPQLS = Uy + AWTPx_lLI (41)

(Ms):L; = L;Yi>j 42)

AWTP;, .= WTP, —WTP, 4,
Let us focus on a situation in which competition is high so that we have an interior solution

(i.e., L; < L, Vi > 1). At equilibrium, the optimal contract is

Li=1L 43)
Ry — R; =0 .
Li1—L=———— L 1 44
i—1 T WTPi_l € [O’ ]7 1> ( )
mel; 1 1 oy — me 1 a1 —me
R, = 1+ ———1;01| — 1<y 45
91' * O'iei {[ * n; AWTPZ >1] [le;l AWTP,L+1] = } ( )

F.2 Many borrower types, multidimensional case

Let us denote X; a vector of non-interest-rate characteristics of the contract designed for bor-

rower i. The incentive compatibility constraints are
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(ICS) DU = Ug + AWTPl(Lg,Xg) = usg + AWTPQ(Lg,Xg) = Uy + AWTPx_l(LI, Xx)
(46)

AWTP;; = WTP, — WTP,

The difficulty comes from having to guess and track which ICC is binding. The simplest
case is when the ordering of borrowers and willingness to pay is the same along each character-
istic X. This is a natural case when the only source of unobservable heterogeneity comes from
default probabilities. In that case, the lender distorts the characteristics that have the lowest
shadow cost.

An alternative solution is to assume that lenders maximize the worst-case scenario, as in
Carroll (2017). In that case, the optimum for the principal is to screen along each contract term
separately.

Appendix |G| discusses the necessary conditions for collateralized debt to be the optimal

contract.

F.3 Endogeneous default probabilities

The model can be extended to allow for endogenous default probabilities.
The analysis stays exactly the same, and closed form solution are available when survival

probabilities have the form:

0; =0+ = (48)

()

Where §; and (3; are borrower-specific parameters. (; drives moral hazard or burden of payment

and 0, is the adverse selection. R; is the monthly payment.
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G Conditions for Collateralized Debt to Be the Optimal Con-
tract

The assumptions are:

ASSUMPTION 1: Ex post private information. In this paper, I model this assuming that
banks cannot observe the second period cash flow (W) of the borrower borrowers can thus lie

about their income and hide it from the bank. The bank can spend some amount to verify it.

ASSUMPTION 2: The house can be used as collateral (i.e., housing is observable). Using
collateral to deal with ex post private information is less costly than verifying cash flows. The
borrower values the house more than the bank. This assumption ensures that in the optimal
mortgage contract, the bank asks for cash instead of housing when possible. In this paper, the
reason the borrower prefers the house more than the bank is that borrower values the house

more than its selling price and the bank has a utility over cash rather than house.

At t=2, borrowers privately observe their income realization (W) and choose whether to
file for default or not. Borrowers default when they cannot repay ( i.e., 0H + W — R < 0)
or when it’s better for them to strategically default (i.e., H + u(W — R) < u(K + W) or
w(0H — R+ W) < u(K + W). K is the amount the bank gives back (or asks for) after seizing
the house and selling it. K thus has to be lower than or equal to § H — R so that all inequalities are
satisfied. In my model, since borrowers value cash more than upon default than banks (o > 1),
the constraint is binding K = 6 H — R. Notice that the bank wants to prevent strategic default
when the borrower is in negative equity (0 H < R), so it punishes the the borrower by seizing

more than the house (i.e. K = 0 H — R can be negative).

H Lemmas

Proofs of Lemmas 1 and 2: The two ICCs can be written (W1 Pg —WTPg)' Lg = up —ug =
(WTPB — WTpg)/Lg. or ICB . (WTPB - WTpg)/LB = up — Ug and MC : LB = Lg.
When Lp = Lg, as in the FB, this implies that ip — ug = (WTPg — WTPg)'L, which is

15. Or it is costly to do so.
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the case when R = Rp. This implies that both IC constraints are binding. If Lz > Lg,
(WTPg —WTPg)Lp > up — ug must be binding.

Assuming that the constraint (MC) is not binding and solving for problem 0] we notice that
(ICp) does not depend on L. Thus L = L.

Intuitively, the self-selection problem comes from high-default (high-WTP) borrowers who
want to pretend to be low-default (low-WTP) borrowers to get a cheaper loan. If the bank offers
a contract with distorted B loan size (L < L), there is a Pareto improvement that leads to either
more profits in the B market segment or relaxes the IC constraint. For instance, increasing Lp
up to L and increasing the interest rate by WT Pg(Lp — L) increases bank profits without
affecting the incentive compatibility constraints.

The fact that the participation constraint is not binding is shown by solving for the perfect
competition model to get the equilibrium conditions from Proposition 3 and then using compar-

ative statics by varying the competition level.

I Existence and Uniqueness

Let us denote borrower utility by
u(L,R) :=WTPL —0R < R =WTPL —u. (49)
We use the following change of variable:
u:=WTPL—-0R <= 0R=WTPL —u. (50)

The bank’s objective function for a particular market is thus

(L, u) := ®(u)n(L,u) (51)
7(L,u) :== (WTP —mc)L — u. (52)

For the lender’s maximization problem to be well behaved, the Hessian matrix of II(L, u)
needs to be negative definite. Using Sylverster’s criterion, we need to show that the leading

principal minors of the Hessian matrix of —II(L, u) have positive determinants:
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The conditions to be satisfied are

2
m{(1 -2¢)} < = and — [(® 7+ &7 )@(WTP —mc)]* <O0. (53)
o
The second condition is always satisfied.

We separate the case in which competition is low enough (a) from the one in which competi-
tion is high (b). If (b) is satisfied, we do not need the assumption on (a) for the Nash equilibrium

to exist.

(a) Condition when competition is low enough: The left-hand side is bounded above by
{(1 —2¢)} < {{WTP — mc]L —u}(1 —2¢) < {[WTP —mec]L — u} < {{WTP —mc]}L.
For the last inequality, we use the fact that utilities cannot be negative because of a participation
constraint (i.e.,u = 0).

1

The inequality implies that there exists a level of competition o > 7 := WTP—md =1 such

that the Nash equilibrium exists and is unique.

Condition when competition is high:
Because of the participation constraint, individual profits are bounded by ¢ := [WTP —

mc] L. Then we have:

1

OJl(u) < 0,0 = " <c+ ——. (54)
. i)
If there is a capacity constraint k, then
1
T<Cc+ —— (35

o(1—k)

The market share is bounded by one, so that ((1 — 2¢) < 1).

We thus have 7{(1 — 2¢)} < ;55 +¢ < 2.

l—co.
2—co’

Hence, k should be lower than this is decreasing for o large enough, so we have k < %
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J Intuition: Why the Capacity Constraint Works

Small deviations from screening to pooling attract a high proportion of high-default borrowers

(n). Indeed, starting from the screening candidate, we get

Au ®(a)(1— @(u))
Au D(u)(1 — d(u)) 0
n__ ,0 M_LPL n —n
v —uw et (Y ;)L a(l—n) (57)
ur — uP n(l—n)
>0
., .wrP wrTP
po_wt—ue 4 (VIR Wy W Il )
= — < —< T
n un — u° n u" — u® n(l—n)
(58)

Local deviations are not profitable, but large ones are. The capacity constraint limits the
ability to do non-local deviations and thus restores pure strategy equilibrium existence.

Condition for screening inefficient:

0 WTPg; — 2
"G IRy = NCYC A R | (59)
np nB(‘)B WTPB—WTPG
Equilibrium L amount:
— 1~ 1 HGnG — 1 8 [R =
Lg=96|L+ =6 1 =0[L+ — < L for.
¢ =t O s T T Gang Lt o wrp, —wrEs o[WTPs — gLBC])] of
(60)
: WTPs—G . <~ WTPg-me _
with: § := Wi is the strength of the AS problem. ¢ := WJE is the relative profit
0c 0p
measure.
When o = ﬁ, IR =1":
0 Ag  1F -
Le =0[1 — + —)] < L For WT'Pg — WT P large enough or A low enough (this i

T WTP,—WTP; 2 2
(61)

Given the condition for the function to be well behaved and screening to be inefficient, there

exists a zone in which banks screen. We can thus analyse the interior solution to understand
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the screening property trade-off. The level of inefficiency should be low enough so that the
bound on the degree of competition is low enough that banks to not have enough freedom to

pool borrowers.

K Proof of Results

Result 2: (1)

1

8951LG <0 <= mcLG < ;[—6951 CS — 5951MC] (62)
per fect competition channel per fect competit
(WTPp — 32)L - cs M.

2]
—mco < —0C'S - M — oMU —  mc
WTPg — 3= [ —— WTPg — 3= ~—— W'TPg
G cross—subsidy channel G competition channel
(63)
—0MU — mc#f{% is negative. —0C'S' is positive —mcﬁi% is negative, so the

difference can be positive or negative. It is negative when the no-cross-subsidy effect is stronger
than the cross-subsidy effect.
To focus on the cross-subsidy channel, let us consider that borrowers have the same elasticity

(i.e., 0 := ol = 050¢), so the competition channel is absent. In that case, we have

oCs WTPp

- 64
cs WTPg —WTPg; 64)
oC'S me 1 me

= S Wb, _m =V T WIF: Z TP 65)

B g 1+ WTPg B

This implies that a decrease in 6 has a positive impact when competition is low. It has a

WTPg
— wrrg = MC.

1405 — WTPp
The right-hand side captures the perfect competition channel. When the marginal costs are

negative impact when competition is high if

high, changes in survival probabilities have a high impact on the perfect competition spread
between rates. When W T Pg is high, the high-default borrower is less likely to copy the low-
default contract, so the perfect competition channel is relatively less important.

The left-hand side captures the strength of the cross-subsidy channel. When the spread be-
tween preferences is high (%) or the survival probability of the low-default borrower is low

(fc), the cross-subsidy channel is low. This renders the channel less likely to dominate the
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marginal cost effect.

(ii)

1
0o, Lo >0 =0 < ?LG + ={0p, CS + 0g, MC'} (66)
G g

We have: 0,1 (OpMC) >0 Ot (0CS) < 0. To focus on the cross-subsidy channel, let us
consider that borrowers have the same elasticity (i.e., 0 := o = 0g0¢), so the competition

channel is absent. In that case, we have

0o CS B WTPg 1 67)
CS — WTPg—WTP;0p
0y, CS 1 WTP, 0
s T ewIm = TV vy Z O
G ~ L+ 5. — wrpe B B
Result 3: (i) du Lo > 0 s L < I+ 72 - fs s
: o — —— — 4+ —
“ “ o2 o WIP; —WTPg'0c  ng
=0
.. N ) - os[me—1]-MU _
(ii) Opy L > 0 = ﬁLG <-CS = 0,:= —%——, with PC" := SpL
. (3 1 17 1CS - CS[SSﬁ_I]_MU :
Result 4: (l) 6mcLG >0 %LG — gL = 96 Sa > 00, = m < 0if
CS[%8S — 1] = MU > 0 with Spg := WTPp — 5% and Sg := WT P — %<,
. 1 1 CS cs[%BG —1)-MU |
(i) OmegLa > 0 = %LG ~ oo se 080 Opeg 1= — % with Spa =

WTPB—%andSG = WTPg—%

(iii) Omepy Lo < 0 = W#QG < 0 which always holds.

L Proof of Propositions

mca

-2 1

Proposition 4 0; L = %Lgo — [Rp =
B — G B+ 05
A J %,—J

g

“per fect competition” ef fect “monopoly” competition ef fect

Proof (ii): u; = S(L;) — % —IRgl,—¢+ I Rpl;_p. For G borrowers, S(L¢) increases when

. mcLgs
L increases. In the other market segment, dsug = —0sRp = —- — IR
G g sUB s1ip 93+5B[93+5B R/g ]
“~———— Information rent
fair price
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M Model with Heterogeneous Marginal Costs

In this section, I introduce heterogeneous marginal costs to analyze the impact of marginal cost
policies (i.e. capital requirements).

For simplicity, since they do not add anything to the policy analysis, I assume that the price
elasticity of both borrowers is the same (0 := o¢(1 — 5§) = op(1 — ).

The key point of those policies is that they are designed differently for each specific prod-
uct. For tractability, it is useful to model those policies as a piecewise linear function over
some product characteristics. As a result, it is also convenient to introduce discontinuities in
the marginal costs at the same thresholds so that the first-best products are different for each
borrower. This assumption ensures that demand is continuous.

Formally, I consider a situation in which the marginal cost of lending via a contract with a

characteristic X (e.g. LTV) is higher above a certain threshold T":
me(X) = mey + Lxop(mey — mey) (69)

Borrowers have preferences such that

mcy mcy

WTP, > % Wwrp, < 24 (70)
Oc e

WTPs> 22 Wwrp, » 2 71)
0p 05

For tractability, I consider that the policies are not large enough to change the above order-

ing.

M.0.1 Policy experiment 1: Effect of changes in capital requirements

Capital requirements are often based on loan-to-values ratios (for instance, in Basel III). For
this reason, I model capital requirements based on LTV. I consider that the marginal cost now
takes the form

1 1
mc. = mc — WlmlLTV<LTV — (w" = Wl)mlLTszTV (72)

with wﬁ being the capital requirements and w capturing how the capital requirements vary

with the loan leverage. A positive w' (or w") implies that capital requirements are increasing in
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LTV when LTV is below (above) a threshold.

Assumptions 5: Let us assume that the increase in capital requirements is not high enough

to render the NPV of lending negative.

For simplicity of exposition, let us consider the case in which the optional contract is such
that both borrowers put the same level of down payment (D) (as in This assumption does
not impact the results.

Using Proposition 2 and Lemma 4, the equilibrium distortions can be written:

per fect competition distortion level cross—subsidy channel
~ A ~ K_J%
1 _ 1 1 Ig 15|

Lo = —[SB(L—D) +( — + ) (73)

Spa oc0c oplp’  oclc  oplp

competiti;(n channel
mc + (.UG
SB(;Z: WTPB—— (74)
O
me +wt
S == WTF - = ie{G.B} (75)
i
Benefit of pooling: More surplus
—
G
nag g —mc —w

Ig:= ——= >0 76
P ng WTPs—WTE (76)

Cost of pooling:‘frnformation rent

G
g —mMc —w

—Ig = —2 0 (77)

T WTP, —WTEs

N More Comparative statics

Result 2: Default probabilities (Adverse Selection). An increase in adverse selection, mea-
sured as the survival probability spread ( z—CB’ ), has different effects depending on whether the
changes come from default probability in the B or G market segment.

(i) An increase in 3—§ caused by a decrease in G default probability increases credit rationing
under high competition levels. Under low competition levels, it relaxes credit rationing if

the cross-subsidy channel is higher than the perfect competition channel and the competition

chanel. When demand elasticities are the same (i.e., 0 := oglp = 0a0q), so that the competi-

16. That is, % < %% so that the optimal contract features screening on loan size and a maximum amount of
deposit D.
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1 > mc
9*1_WTPG =~ WTPg"*
G ~ WTPg

tion channel is absent, the cross-subsidy channel dominates if and only if -

CS(ecg—mc)

o, Where LPC is the perfect competition loan

The competition switching point is 0 =
size and € is the cross-subsidy semi-elasticity to 07"

(ii) An increase in z—g caused by an increase in B default probability decreases credit rationing
under high competition levels. Under low competition levels, it relaxes credit rationing if the

cross-subsidy channel is higher than the perfect competition channel and the competition chan-

nel. When demand elasticities are the same (i.e., 0 := ogllgp = 0gba), so that the competition

channel is absent, the cross-subsidy channel dominates if and only if IE—JVDVBTPGz—g > WZZ;B.
6g  WTPg

Proof: See Appendix [Kl

Three forces are at play. To illustrate, let us consider a situation in which the default proba-
bility of the B market segment increases.

First, under a high level of competition, the default probability increase must be fully passed
through B contract interest rates. In turn, the loan size of the G contract must be lowered to
maintain incentives to self-select. If borrowers’ willingness to pay is an increasing function of
default probabilities, an additional force pushes the credit constraint in the opposite direction.
The increase in default probability increases borrowers’ willingness to pay for loan size. As
a result, for a given level of credit rationing, the low-default contract thus becomes relatively
less attractive. This effect allows lenders to decrease the credit constraint. When borrowers’
willingness to pay is WT'P; = =, the latter effect dominates.

Second, the decrease in the default probability of B borrowers renders them more sensitive
to interest rate changes. Thus, the perfect information markup must decrease. As a result, the
spread between interest rates and credit constraints decreases. This allows lenders to lower the
credit constraint level.

Third, the decrease in the default probability of B borrowers increases the potential profits
in this market. This creates incentives to distort market segment G to extract more surplus from
contracts designed for market B.

I summarize Result 2 in Figure |13| for the case in which the cross-subsidy channel domi-
nates. When adverse selection decreases due to a decrease in market B default probability, the

equilibrium region moves from the dotted lines to the solid lines in Figure [I3]
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gG
nG When Adverse Selection Decreases (67 1)

nf

Pooling

‘~1High default
borrowers less likely
to.copy

Banks want to extract more
surplus from high default
borrowers

Screening Exclusion

Figure 13: Equilibrium regions when adverse selection decreases

Result 3: Willingness to pay (House Prices and Help-to-Buy).

(i) A decrease in house prices (i.e., ag = apg increases) decreases the interest rate and loan
size spread between contracts. This effect is stronger under low levels of competition as long as
the lender is not pooling (i.e., o > o).

(ii) A government intervention to increase the value of small-size loans via a help-to-buy
scheme (i.e., ag increases) increases the credit rationing and the interest rate spread un-
der high competition. It decreases it under low competition (i.e., 0 < 7,) if and only if its

—MU—-CS[1—m2]

C’SZ“—; > CS + MC. The competition threshold is then 6, = ———p7—% > 0, where

PC' := SgL denotes the utility of B borrowers when getting the perfect competition B contract.

Proof: See Appendix [K]

The intuition for the result (i) is the following. Decreasing house prices increase borrowers’
willingness to pay for each dollar lent. This lowers credit constraints via two channels. First,
the price change renders credit rationing more costly for high-default borrowers. All else con-
stant, the G contract becomes less attractive, so the perfect competition credit rationing level
decreases. Second, credit rationing becomes more costly for lenders as the G market segment
generates more surplus. This creates incentives to use asymmetric information discounts and
premiums more intensively to lower credit rationing.

Two channels drive the help-to-buy result. First, holding contract terms constant, the G con-
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tract becomes more attractive to B borrowers. This renders the level of cross-subsidy required
to completely undo credit rationing higher. Second, the help-to-buy policy renders the G mar-
ket segment more profitable, which creates incentives to increase the cross-subsidy level. In the
formula CS3 > C'S + MC, C'S + MC captures the first channel while C'ST= captures the
second channel. ;”—Cf is the strength of the marginal impact of an increase in help to buy on the

cross-subsidy.

O Normative Analysis

To analyze whether policy interventions have a positive impact on welfare, I use the following

lemma:

Lemma 5: Equilibrium utility and profit levels (Interior Solution):

ug = (g —me)L — g (78)
ug = (g — me)Lg — g (79)
1 ag —mce neg
Ilp := = 1— — 80

pi= s = e T By (50)
1 Qg — mc
Il := =ng——I|1 81
¢ = nama = na |1+ e (81)

Equations and (79) state that borrowers’ utility is the surplus generated by the loan
minus the lender’s profits per borrower. Equations (80) and (80) state that the lender’s profits

are the markup plus or minus the asymmetric information premium or discount.

Changes in competition: I analyse how changes in competition (0 1) affect the welfare of
different market participants. For the welfare results to be independent of the welfare function
used, I then examine whether there exists a situation in which a decrease in competition leads
to Pareto improvements.

Decreases in competition decrease the interest rate of the B contract and increase the B

borrower’s utility when the asymmetric information discount is higher than the pure markup

ag—mc ng

effect (1.e., WTPa—WTPg np

> 1) This happens when the surplus in the B market segment

17. Because of the linearity assumption of the utility, the condition implies that lenders make negative profits on

59



ag—mc

1S large (1.e., WTPa—WTPg

large) and when the cost of screening is low (i.e., WT' P — WT Pg
low) and the relative number of G borrowers is high.
A decrease in competition increases G borrowers’ rate but also relaxes the credit rationing.

It increases welfare when the increase in price is compensated by the increase in loan size (i.e.,

b:?TGG[M U+CS] > AalOG + A;GG [WTPBS 7 ))- This happens when the relative number of G

borrowers is high or if the G market segment is relatively more elastic.

A decrease in competition has an ambiguous effect on lenders’ profits. It increases lenders’

g . . . . Sc 11
profits if incentives to provide an information rent are low enough n¢ 77+ P TG [ Rols 05 IEs

’;—g + ﬁec > 0. For instance, when interest rate elasticities are the same (i.e., cg0g = o50p),
a decrease in competition always increases profits. When the interest rate elasticity of the

G market segment is high and the benefit of screening is large (3577 5S¢ > npg and Ao

WTPp—WTPq
large enough ), a decrease in competition can decrease profits. This is because a decrease in
competition creates incentives to distort the B market segment more to extract surplus on the G
market segment. However, since the G market segment is relatively more elastic, lenders begin
to compete more on this market. Overall, the latter effect dominates.

As a result, when the number of high-default-borrowers is high enough and the G market’s

surplus is high enough, a decrease in competition is a Pareto improvement.

Changes in the marginal cost of lending: I analyse how changes in the marginal cost
of lending (mc) affect the welfare of different market participants. For welfare results to be
independent of the welfare function used, I then examine whether there exists a situation in
which a decrease in competition leads to Pareto improvements.

Let us denote mc; the marginal cost of lending via ¢ contract.

An increase in mcg renders interest rates in the B market higher and the surplus in the G
market lower, which renders the surplus in the B market relatively higher. This gives incentives
to provide less information rent to B borrowers. A decrease in mcp is passed through lower
interest rates. This increases the welfare of B borrowers.

The effect of an increase in mcg on G borrower is ambiguous. An increase in mcg 1S par-
tially passed through interest rates. It also lowers the relative surplus in the G market segment,
which triggers incentives to increase the asymmetric information discount (i.e., the interest

rate) so that more profits can be made in the B market segment. The rate increase also decreases

the B market segment. This is not necessarily true otherwise.
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cream-skimming incentives, so lenders can increase the cross-subsidy and the amount lent in the
G market segment without the threat of losing their customers. Overall, welfare can increase.
mcp changes have no impact.

Increases in mcg positively impact profits if the interest rate elasticity is higher in the G
market segment. This is because an increase in mcq triggers incentives to provide lower infor-
mation rents. mcg changes have no impact on lenders’ profits in my model, because the cost is
fully passed through borrowers.

As aresult, an increase in mcg coupled with a decrease in mcp can be a Pareto improvement
policy. The extreme-case scenario is equivalent to banning contracts with lower than L loan size,
which prevents cream-skimming. This is a Pareto-efficient policy when cream-skimming is ex

post inefficient.

P Bringing the Model to the Data: A Guidebook

This section develops a guide for how to bring the model to the data.

I discuss the identification and estimation of model parameters for types of datasets com-
monly used in banking or insurance. In the first scenario, I consider that the econometrician has
data on menus and customer choices but only for an individual firm. This is the most common
scenario in which menus are observable (see, for instance, Hertzberg, Liberman, and Paravisini
(2018)) for the credit market or Tebaldi (2024)) for the insurance market). I refer to this as the
proprietary data case.

In Appendix I analyse the second situation in which the econometrician has data on
multiple firms but can only see the equilibrium contracts chosen by each customer. This is the
data constraint faced when using credit register data (see, for instance, Crawford, Pavanini, and
Schivardi 2018)).

This section also summarizes the empirical facts that guided my modelling assumptions and
develops extensions that render the model applicable to a wide range of empirical setups. In
particular, I discuss how to deal with maturity and the fact that default probabilities depend on
contract terms in the main text, since these are directly related to the empirical application in
Section [6] I defer to Appendix [F] the extensions such as multiple borrower types and contract

characteristics.
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P.1 First case: proprietary data on a single firm

Estimation of the model parameters is based on a three-step procedure. Step 1 recovers the
default probabilities (1 — ), step 2 the willingness to pay (WTP), and step 3 the marginal costs

(mc) as well as the demand elasticities (o).

Step 1: Default Probabilities (1 — 6;).

To render the model more realistic, I allow for default probabilities to depend on contract
terms. More specifically, I assume that borrowers default if their disposable income mp;; is
lower than the monthly payment M;;. I consider that disposable income is observable by the
lender at origination and that the probability of its changing over time is private information. In
practice, lenders derive a good sense of this value through credit checks.

The parametrization of defaults rules out strategic default and implies that the income pro-
cess is the most important source of heterogeneity (and of private information) among borrow-
ers. The modelling is consistent with the empirical evidence in Hertzberg, Liberman, and Par-
avisini (2018]), who show that the unobserved heterogeneity that drives borrowers’ behaviour in
the consumer lending market is due to private information about the income process rather than
a difference in risk aversion or interest rate risk. It is also consistent with the Bank of England’s
NMG household survey, which documents that the main reasons for defaulting are an increase
in other bills or unexpected expenses/costs (21 percent), being made redundant, unemployed or
getting a wage cut (67 percent), or an increase in loan payment (10 percent).

In addition to its tractability, this modelling assumption has a convenient implication: It
allows us to recover the key model parameters without having to estimate default elasticities (see
Step 2). Identifying default elasticities relies on comparing borrowers who are observationally
equivalent but choose different contracts. Because of the selection on unobservables, finding
the right control group is problematic when lenders screen

Formally, denoting mp;; the random variable that captures the disposable income process of

borrower ¢ at time t, the borrower’s survival probability at maturity 7; is:

Si = E[lgicn:my<mpit| i, Xi, @ chose contract c| (82)

18. Alternatively, the default probability can be parametrized as 0 = « + %. This approach also yields closed-
form solutions.
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X, are borrowers’ characteristics or economic environment variables that are observable by
the lender, affect the income variance, and are legal to use in making acceptance and rejection
or pricing decisions.

For each observationally equivalent borrower who chooses contract ¢ (indexed by j € [1, n.]),

we can estimate the average survival probability (S)) using realised default at maturity:

gi = 2 ]-{j did not default} (83)
j=1
Using a constant hazard rate model and denoting 7; the loan maturity in months yields the

following constant monthly survival probability:

éi = e M, with \; 5”1 = ¢ NI (84)

The present value of a loan is then [1 — e *T]M ~ AT'M. The constant hazards rate model
is convenient when screening with maturity (see empirical application). In that case, A plays
the same role as 6 and 7'M as R in the theoretical model. Constant hazard rates are consistent
with assuming that the income process follows the same Bernoulli distribution in each period
with values mp; and 6 < M;. J captures the bad shock described in the Bank of England NMG

household survey.

Step 2: Borrower preferences («;).

I use a revealed preference approach to recover borrowers’ preferences. The identification
leverages the idea that if a borrower chooses a contract with a loan size of $1,000 when they
had access to a contract with a loan size of $1,100 for an interest rate increase of, say, 100
bps, it must be that their willingness to pay for loan size is lower than 100 bps. Figure
provides a visual representation of this argument. I plot the interest rate as a function of loan
size (i.e., the pricing schedule) and the borrower indifference curve. When a continuum of
contracts is offered, the optimality condition implies that the slope of the indifference curve
(i.e., the willingness to pay) must be tangent to the pricing schedule at the contract chosen.

One challenge with this approach is that willingness to pay depends on borrowers’ default

probabilities, which are endogenous objects. This implies that the econometrician potentially
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Figure 14: The slope of the pricing schedule at the contract chosen allows us to recover the
borrower’s willingness to pay ‘g—

needs to estimate the default probability if the borrower were to choose another contract. Be-
cause of adverse selection, this is problematic.

As a solution to this problem, I propose using contracts that yield the same monthly pay-
ments (leveraging the variety of maturity and loan size options offered in practice) so that default
probability is plausibly constant at the individual level (see step 1). Depending on the setting
and the data available, it may be preferable to depart from this assumption. The interested reader
willing to do so can refer, for instance, to Taburet, Polo, and Vo (2024).

Using contracts with similar monthly payments to recover preferences does not necessarily
come at the cost of efficiency. In a model with linear utility and inefficient default (see footnot
and Appendix [E) borrowers max out their maximum monthly payment capacity (mp;) so using
contracts with the same maturity yields are the relevant set of moments to use. Furthermore,
monthly payment targeting is consistent with empirical evidence (Argyle, Nadauld, and Palmer
2020) that borrowers use a monthly payment rule when making their decisions.

Formally, borrower 7 chooses the contract designed for them (contract i) if its indirect utility
is higher than the one they would get if they were to choose similar contracts (i-1 and i+1).
Considering contracts that yield the same monthly payment and denoting G the probability

distribution function of «, the indirect utility inequalities yield:

19. For instance with the following model: maxy oL — p(rL > W)rL — (1 — p)c, ¢ > rW and W follows a
Bernoulli with its maximum value being W'.
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R — Ripq Q; R; — Ry,
——— < — < 0= —7—
7 b T 1 (85)

ui(Ri, Li) = ui( Ry, Lj) Vj = a:= Li — Lisy :

(2

i—1

Relative contract market shares (Z"in ) and the variables (a, b) are observable by the econo-

c 'tc

metrician. Thus an estimate of G is:

n;
S (86)

Exogenous variation in a or b—i.e. variation uncorrelated with the distribution of « (i.e., the
G function)—allows recovery of the full distribution non parametrically. We can use variation
in contract terms coming from either cross-sectional or time series variation. For instance,
assuming that the distribution of borrower type stays constant over time exogenous variation
in the spread between contracts’ interest rates allows recovery of the distribution of borrowers’
preferences to default ratio.

Parametric assumptions on G can help with power when the number of observations is small.
Moral hazard, as long as its effects are homogeneous across types, can be dealt with by consid-
ering variations in contracts other than contract i. For instance, Taburet, Polo, and Vo (2024)) use
variation in the contract-specific marginal cost of lending to recover preference heterogeneity

in a model with moral hazard and adverse selection.

Step 3: Demand elasticities (o;).

I recover the demand elasticity using pricing equation as a moment conditionFE] Having
a pure strategy equilibrium makes the moment condition tractable and realistic, since we typ-
ically do not observe mixed strategies in practice (i.e., lenders do not change their menu each
period).

The approach used in this section leverages the fact that proprietary data offer information
on marginal costs or that it is common practice in banking to consider that the deposit rate is the
marginal cost of lending. The empirical application in section [ showcases how this approach
can be generalized to recover the demand elasticity, marginal cost and information rent.

The estimation procedure is the following. Given an estimate of the borrower’s parameter

20. In a model where default only depends on monthly payments, the pricing equation can be derived using
the first order conditions with respect to maturity holding monthly payment constant.
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(cv;, 0;) and conditional on observing the cost of lending (mc) (for instance, equal to the deposit
rate) we can construct the asymmetric information premium and discount using the equilibrium

conditions from Proposition 2 extended to an arbitrary number of contracts (see Appendix [F.I)):

1 o; — mc 1 ;01 —mc

——1;24] —
n; AWTP, ~1] [ni_l AWTP,.,

>

0.0, = [ [ice (87)

Abusing notation (I use o; in the empirical section instead of U+ﬂ)), the demand elasticity
B

(1
of each group is recovered using the loan present value equilibrium conditions:

By assuming that semi-elasticities are borrower-specific parameters (o;), [ avoid estimating
demand elasticities using choice data. Similar to default elasticities, demand elasticities are
problematic to estimate when there is a selection of unobservables, even with credit-register
data. This is because the econometrician only observes the contract chosen and thus has to
estimate the contract offered by competitors using observationally equivalent borrowers.

The constant semi-elasticity with respect to the loan present value (6 R) assumption can be
justified in two ways. First, it arises naturally in the symmetric equilibrium model (the semi-

elasticity is — L which are parameters in my model). Second, it can be interpreted as lenders’

1-%)

considering the local borrowers’ semi-elasticity as an approximation when setting rates.

Alternative to Steps 2 and 3.
Instead of estimating utility parameters and demand elasticity separately, one can run a linear
regression based on the pricing equation (15). Variation in the loan size allows recovery of the
marginal cost (mc), and the variation in information rents identifies the demand semi-elasticity
(o). I 1illustrate this approach and discuss exclusion restrictions in the empirical application

(Section [6)).

Discussion: Heterogeneity within contracts.
With those three steps, I recover borrowers’ preferences («;), default (1 — 6;) and elasticity

(o) conditional on contract choice. If lenders pool borrowers, there may be substantial borrower

66



heterogeneity within a contract.

To learn more about this heterogeneity without having to impose parametric assumptions,
we can use the fact that the pooling contract was optimal. For instance, if the econometrician
observes that only one contract with loan size L, and is concerned that the distribution has at
least two borrower types, they can deduce that the L implied by equation is above L.
Conditional on, for instance, (o, ), this inequality provides a bound on the value of # within

borrowers who chose this sample.

P.2 Second Case: Credit Register Data

When data on menus are unavailable, we have to predict borrower ¢ menu using observationally
equivalent borrowers. Crawford, Pavanini, and Schivardi (2018) use this approach and predict
the contracts offered by competitors.

In that situation, data on lenders’ marginal cost of lending are often not available. It is
then common practice in industrial organisations to estimate demand elasticity (o) using a logit
model together with bank choice data and use equation (88)) to recover marginal costs.

In the context of my model, we can estimate the pricing schedule for each borrower and
characteristics and use it to recover the willingness to pay (WTP) for each contract characteristic
(X) using step 2 of the previous section.

Using a linear utility model (v}, := WT'P - X — PV), we can then recover the demand
elasticity using market share data or the pricing equation. For the former, we can use a logit
model together with market share data. A standard parameterization of the utility is: u;;, + u, +
o, With g4, 1id and extreme value distributed and p;, is a bank fixed effect. This procedure is
similar to the nested logit approach with random coefficients but is more flexible and tractable.
For the latter, the pricing equation can be used as a regression to recover both the demand
and default elasticity (see Section Alternative to Steps 2 and 3). This approach, compared to
the logit model, has the advantage whereby we do not have to take a stance on the choice set

available to the borrower.

Q Borrower preference approximation

Using data on menus, I approximate the pricing schedule (L., 7., T.)., where r is the interest

rate and T is the maturity using a spline function. This interpolation allows to use first-order
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conditions to derive the moment equation. I discuss alternative options in the paragraph in
section [P.1|1abelled “Heterogeneity within contracts”.

Formally, I first calculate the present value of the loan R; . = Zle O1T; for each contract ¢
holding the monthly payment (7;) constant. Then, I find the coefficients (7,2, 3) such that
Ri(L) := A1, + Y.L + %LQ best match the data points (R; ).

I recover borrowers’ preferences using a revealed-preference approach. For a given monthly

payment and an implied pricing schedule, I have

ul = mgxu(L) =L —0;R(L) = L; = :Y;iei - ZZ (39)

For each contract c, I can thus recover borrowers’ average preference by inverting equation

(89) and using the average default estimates:

Eldi|c] = LA2:(1 + E[bi|c]) — 5. (90)

Equation (90) states that the slope of the pricing schedule for the contract chosen allows
us to recover the borrower’s willingness to pay ‘;— Figure 5 provides a visual representation
of the identification strategy. An identification threat would be the slope of the pricing sched-
ules, which varies due to unobserved contract characteristics such as covenant. In that case,
the econometrician is not identifying the willingness to pay for loan size but rather the willing-
ness to pay for both covenant and loan size. The “Heterogeneity within contracts” paragraph

discusses how to deal with this issue.

R Adapting the Model to the Empirical Setting

For the model to be able to deliver a continuum of loan sizes, 1 consider the following ex-
tensions. For a given risk category, I consider that there are N types of borrowers (i.e., N
combinations of (mp;, 2‘—;, 0;)), where mp; is the disposable income, 3— is the willingness to pay
for one dollar, and o; is the demand elasticity.

Borrowers have linear utility on loan size so that, conditional on maturity, they borrow as

much as possible until their monthly payment capacity (mp;) is maxed out. For each borrower,
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I can thus construct the following incentive compatibility constraint:
aiLi = PV (mp;, T;) = i Lj(mp;, T;) — PVi(mp;, Tj) On

L;(mp,;,T;) is the loan size that would be chosen by the borrower if they were to choose a
contract with the other maturity. PV (mp;, T;) is the present value of the loan as a function of
maturity 7;.

Using the annuity formula, I can show that the heterogeneity in mp is irrelevant, because it
cancels out in the incentive compatibility constraints. This feature allows us to abstract away
from mp and focus only on the two contract cases.

The fact that LC offers the same interest rate independent of loan size is consistent with
the assumption that the distribution of maximum monthly payment mp; is independent of the
distribution of willingness to pay and f;— and demand elasticities o; conditional on risk category.
This is the modelling approach I use for this application. I recover the distribution of mp using
the observed distribution of monthly payments.

I am agnostic about the number of types (‘;—, 0;). Appendix H shows that the equilibrium
conditions of the model with an arbitrary number of borrower types — but with LC choosing to
offer two optimally—and the optimality conditions with two borrower types are identical.

Since I do not observe maturity above 60 months, I assume that its cost is such that longer
than 60-month loans are not profitable. This assumption plays the same role as the maximum

loan size H in the baseline model.

S Empirical Application Model

I consider that there are N types of borrowers (i.e., N combinations of (mp;, 3—;, 0;)), where mp;
is the maximum monthly payment the borrower can repay. For each borrower type, I construct

an incentive compatibility constraint:

6, b

e "iTi

21. In continuous time, the principal is L = mp - [1 — ] and the present value is mp - e M. \; is the

hazard rate, so that e=*¢ is the monthly survival probability. 'Formally, I linearize e~ and use the change of
variable f/l = [1 el
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where L;(mp;, M;) is the loan size that would be chosen by the borrower if they were to choose

a contract with the other maturity.

l n
mc mc
> nig(ui)0;[ Ry — o Ln] + > nid(u)0i[ Ry — o L] (93)
i=1 g i=h 7
with u; ;= WTP,L; — R; (94)
{h =1+ 1,1} s up(Ln, Ry) := w(Ly, Ri) + (WTP, - WTR)L, ©5)

Using the average utility in each market segment (u := u; — A;L; with A; := (WTP —
WTP)):

l n
N gl + ALy [(WTP — ”;C)Lh —a] + Y mg(u+ AL)G[(WTP — Z‘C)Lh "
i=1 i imh i
(96)
i+ (WTP, — WI'P)Ly, = u+ (WTP,— WTP)L, + (WTP, — WI'P)L, 97)

Replacing the constraint and taking the first-order conditions with respect to (# and u), we

obtain the same first-order conditions as in the two-borrower models.
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