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Abstract

I develop a quantitative model of screening with menus using a demand system that

nests various degrees of competition, from perfect competition to monopoly. I show

the existence of a pure strategy Nash equilibrium and characterise it in closed form.

I then 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. I show that contrary to conventional wisdom, increasing capital require-

ments, 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. Model

parameters are recovered using a linear regression of prices on quantities controlling for

contract market shares.



1 Introduction

In many selection markets,1 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).

To quantify frictions in selection markets and perform counterfactual analysis, the empir-

ical literature relies on quantitative models (see Einav, Finkelstein, and Mahoney 2021 for a

survey and Veiga and Weyl (2016) or Mahoney and Weyl (2017) for recent examples). Yet,

existing frameworks abstract from screening, which can lead to wrong conclusions by neglect-

ing the interaction between contracts. This omission largely stems from screening models’

being unsuitable for empirical work. Existing models of screening in selection market con-

sider extreme market structures and face issues of equilibrium non-existence (e.g., monopoly

for Stiglitz 1977, and perfect competition for Rothschild and Stiglitz 1976 or Azevedo and

Gottlieb 2017). As such, their predictions heavily depend on the choice of market structure

or equilibrium refinement used to solve the model.2

This paper bridges theory and empirical research on adverse selection. I incorporate

imperfect competition in an otherwise standard screening model à 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 makes the model more realistic thanks to demand functions that nest various degrees of

competition, from perfect competition to monopoly. Second, it gives the model convenient

analytical properties under very mild conditions (existence of the equilibrium, with analytical,

1. Following Einav, Finkelstein, and Mahoney 2021, we refer to selection markets as markets in which
consumers vary in how much they are willing to pay for a product and how costly they are to the seller.

2. See, Riley 1979, Wilson 1980 for equilibrium refinements and Handel, Hendel, and Whinston (2015) for
and empirical application.
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empirical and computational tractability), allowing it to cater to various empirical set-ups

(multiple customer types, lenders and product characteristics).

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). In particular, I discuss

identification issues that are specific to finance and such, have not been addressed by the

industrial organisation literature.3 Finally, I provide a working example in the context of

consumer credit using data from Hertzberg, Liberman, and Paravisini (2018).

Allowing for imperfect competition has three main effects on the analysis. First, it solves

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

which I characterize in closed form for some special cases. The equilibrium existence relies

on the demand functions being continuous and concave. The result holds for all degrees of

competition and in the context of multidimensional screening. The closed-form characteri-

zation 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. I show that the market equilibria can 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. This externality is costly only when the model parameters

are such that the equilibrium in Rothschild and Stiglitz (1976) does not exist. The inefficiency

results from the fact that when lenders screen borrowers using a menu—in particular when

they cream-skim—, they change the composition of their competitors’ borrowers, and thus

3. For instance, the fact that willignness to pay for contract features are endogeneous objects as they
depend on borrowers’ default probabilities or the fact that marginal cost are easier to estimate directly than
demand elasticities in banking markets.
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their screening cost.

Focusing on the second best is relevant when the policies that restore the first best are

too costly (e.g., ban of some products coupled with re-distributive taxes). I show that when

achieving the first best outcome is not possible, government interventions designed to prevent

cream-skimming — such as, for instance, several rules in the 2010 U.S. Patient Protection

and Affordable Care Act or the 2010 Dodd-Frank reforms on mortgages— can make market

participants worse off.

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 markets.4 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 and their default probabilities.

To study selection markets, I allow borrowers’ WTP to be 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

4. 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.
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a borrower-bank-specific random demand shock with a continuous probability distribution

function, which enters the utility either multiplicatively or additively. This shock can be

interpreted as borrowers having search costs or being imperfectly informed about the con-

tracts offered by each bank (as in Varian 1980, or Rochet and Stole 2002). I consider the

situation in which demand shocks are uncorrelated with borrowers’ preferences for contract

characteristics, so banks cannot use their menus to sort borrowers on their random shock

realization. In particular, when the shocks follow an extreme value distribution, its variance

parameterizes the product demand elasticity. 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 infinite, as in the perfect competition case.5

I show that when demand elasticities are high, the equilibrium menu consists of the Roth-

schild Stiglitz separating contracts in which lenders break even on each contract. However,

contrarily to Rothschild and Stiglitz (1976), offering separating contracts is an equilibrium no

matter the relative number of high versus low default borrowers. In Rothschild and Stiglitz,

separating contracts cannot be offered when the relative number of low-default borrowers

is high. This is because, in that case, being pooled with high-default borrowers is not too

costly for low-default borrowers, so a competitor can offer a pooling contract that makes all

borrowers better off. In my model, Rothschild and Stiglitz deviations from screening attract

relatively too many high-default borrowers to be profitable. This is because those deviations

are more valuable to high-default borrowers, and with concave demand functions, there is

always a mass of borrowers that are harder to attract.

I discuss how to accommodate the model to various empirical setups by including endoge-

nous default (moral hazard, burden of payment), maturity, loan size and interest rate and an

arbitrary number of borrowers and lenders. I also extend my theoretical results—existence

of the equilibrium, and convergence to separating contracts equilibrium when demand elas-

5. Multiplicative shocks imply that our demand functions are concave no matter the degree of competition,
leading to better analytical results than additive ones.
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ticities tend to infinity6—to the multidimensional screening case with an arbitrary number

of contract terms.

The identification and estimation of the model parameters rely on using equilibrium

conditions 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 regression. 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).7 I use the estimates

to 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 information 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 heterogene-

ity. As a result, I use the variation coming from the borrower’s observable risk category. The

identifying assumption is that the average demand elasticity to the subjective loan present

value is uncorrelated with the borrower risk category assigned by the lender conditional on

contract choice.

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 distortions caused by adverse selection and imperfect competition. I show that prices

6. As long as separation is possible while pricing at marginal cost.
7. Although contracts are not formally exclusive in this market, the fact that Hertzberg, Liberman, and

Paravisini (2018) finds that screening with menus happens in practice shows that using Rothschild and
Stiglitz (1976) framework (exclusive contracts) instead of Attar, Mariotti, and Salanié (2011) (non-exclusive
contracts) is a valid approach in this context.

5



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 statistics, 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.

The rest of the paper is structured as follows. Section 2 provides a literature review. I

describe the model setup in section 3. Section 4 analyzes incentives to screen and characterizes

the market equilibrium. Section 6 discusses extensions and how to bring the model to the

data. Section 7 presents the empirical application. Section 8 concludes.

2 Literature Review

This paper contributes to the theoretical literature on adverse selection. It is more closely

related to the strand of the literature studying screening with menus in selection markets.

Most papers assume either perfect competition (Rothschild and Stiglitz 1976) or monopoly

(à la Stiglitz 1977), and rely on equilibrium refinements to analyse the perfect competition

case. The use of equilibrium refinements emerged as pure strategy equilibriums may not

exist, and mixed strategy equilibriums are difficult to compute even in stylized frameworks

(see Farinha Luz (2017) for the first numerical characterization in a Rothschild and Stiglitz

(1976) model). Recent examples of perfect competition models are those of Azevedo and

Gottlieb (2017)—which proposes an equilibrium refinement micro-founded using a capacity

constraint— and Guerrieri, Shimer, and Wright (2010)—with a pure strategy characterization

of the equilibrium using a model in which each principal can match with at most one agent.

My paper extends Azevedo and Gottlieb (2017) to allow for imperfect competition. I also

show that concave demand functions (micro-founded by multiplicative demand shocks) disci-
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pline the model under perfect competition without the need to impose a capacity constraint

on lenders.

My paper is closely related to Chade and Swinkels (2021) and Lester, Shourideh, Venkateswaran,

and Zetlin-Jones (2019), who use a framework with imperfect competition and menus of con-

tracts. Chade and Swinkels (2021) focus, similarly to Rochet and Stole 2002, on a situation

without adverse selection: the cost of serving customers is homogeneous so menus are used to

screen agents with heterogeneous willingness to pay.8 As a result, the model does not describe

a selection market, and the perfect competition equilibrium always exists and replicates the

first best outcome. In contrast, this paper focuses on a situation closer to the banking market

(i.e., a selection market), where the cost heterogeneity is on the agent, not the principal.

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

They use a search model à la Burdett and Judd (1983) to model imperfect competition

in an otherwise standard screening model with goods of different quality. Contrarily to

Lester, Shourideh, Venkateswaran, and Zetlin-Jones (2019), I focus on building an empirically

tractable model, and on a theory of the second best for my welfare analysis. To do so, I use a

continuous demand system instead of a discrete one. It allows me to prove the existence of the

equilibrium under more general conditions and guarantees the existence of a pure strategies

equilibrium. Those two conditions are crucial for empirical tractability, to make the source of

variation used to recover the model parameters transparent, and to derive sufficient statistics.

My paper also contributes to the growing empirical literature on adverse selection. A first

strand of the literature developed tests for adverse selection using reduced-form approaches

(Chiappori and Salanie 2000, 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. Those papers are based on

models with a single contract such as Akerlof (1978) and generally use a sufficient statistic

approach. Examples include Veiga and Weyl (2016) for a model with one contract and two

8. Unlike Rochet and Stole 2002, the principal in Chade and Swinkels (2021) has heterogeneous costs of
producing a good of a given quality.
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characteristics (price and quality) offered by a monopolist, and Mahoney and Weyl (2017)

for a framework using Bresnahan (1989) conduct approach to model competition. In credit

markets, the literature is less based on the sufficient statistic approach and has focused on

quantitative models in which lenders can only choose interest rates (e.g., Crawford, Pavanini,

and Schivardi 2018, Nelson 2018, Darmouni 2020, Yannelis and Zhang 2021).

My paper differs from previous empirical works in that it looks at a situation where

lenders can screen their customers by designing a menu of contracts. I also focus on the

second-best equilibrium for my welfare analysis.9 My paper can thus provide insight into the

range of products offered and can be used for welfare analysis and to perform counterfactual

simulations. Furthermore, my modelling of competition is based on a discrete choice approach

rather than Bresnahan (1989). I can thus speak to a wider variety of setups, even when

moving away from the perfect competition and the monopoly cases.

The closest paper 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.

3 Model Set-up

3.1 General considerations

Economic Agents: The economy is populated with two groups of agents: borrowers and

lenders. I also refer to the second group as banks. There is a finite number of banks B

indexed by b. There is a discrete number of borrowers indexed by j. Borrowers can be of

different types, indexed by i P Γ. The number of type i borrowers is denoted ni. The number

9. 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 when only data on an individual firm are available.
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of agents is exogenous.

Timing and information structure: There are two periods. In the first period, bor-

rowers choose at most one loan contract from one lender. After the loan is originated,

borrowers may experience an income shock that triggers default. The loan matures in the

second period.

Lenders cannot observe borrowers’ willingness to pay for contract terms, their default

probabilities and how likely they are to move to a competitor. However, they know the

distribution of those variables and can use menus of contracts to make borrowers reveal their

type.

3.2 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. All parameters defined in this section are

part of borrower i information set at the time they choose their contract and bank.

3.2.1 Choice of contract and bank

Utility derived from contracts: The utility of type i borrowers is additively separable in

contract characteristics and prices. Formally, we have:

uipX,Rq :“ αir

vpX;θiq
hkkkkkkikkkkkkj

D
ÿ

d“1

θidvdpXdq ´Rs (1)

pX :“ pXdqd, Rq are contract terms. R can be interpreted as the price of a contract with

characteristics X. D ě 1 is the number of contract characteristics.

pαi, θi :“ pθidqdq parameterize the borrower utility. I loosely refer to θi as the borrower’s

willingness to pay. αiθidvdpXdq is the part of the utility that derives from contract term Xd.
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vdpXdq is a one-to-one continuous function. αiRi is interpreted as the loan present value.

Example of utility: To fix ideas, let us interpret the borrower as a firm that uses

an NPV rule to make their choice of investments. The firm uses a constant discount rate

δi :“ p1 ´ diq, with di P r0, 1q being the per period exogenous default probability. The firm

borrows an amount L to generate cash flows in each period equal to ZiF pLq for T years. The

costs of the loan are the expected monthly payments (m) conditional on survival (1´di), and

the potential collateral loss (γiK) conditional on default (di). The loan maturity is denoted

M . Formally, the NPV of the project is:

uipL,K,m, T q “

T
ÿ

t“0

δtiZiF pLq ´

M
ÿ

t“0

δtirdiγiK ` p1 ´ diqms (2)

When di Ñ 1, we have:

uipL,K,m, T q « pT ` 1qr1 ´ Tdis ¨ ZiF pLq ´ M ¨ rdiγiK ` p1 ´ diqms (3)

Denoting R “ Mm and X “ pL,MKq, the utility (3) fits into the general formula (1),

with p1 ´ diqMm being the loan present value and α defined as the survival probability

p1 ´ diq. The assumption that the per-period default probabilities are close to one is rea-

sonable in most economic environments10 and allows the utility to have the right functional

form for the model to be well behaved.

Choice of bank b contract c: Borrower j of type i chooses the bank b that offers them

the best deal c. Formally:

bij “ arg max
bPB

tmax
cPMb

tV puipXc, Rcq, µib ` σ´1
i ϵjbquu (4)

B is the set of banks the borrower can borrow from.

10. For instance, the delinquency Rate on all Loans in the United States is around 2 per cent (see, for
instance, the Federal Reserve Bank of St. Louis database11).

10



Mb is the set of contracts bank b offers. Borrowers always have the option to get the

contract uip0, 0q P Mb (i.e., not to borrow).

V puipXc, Rcq, µib ` σ´1
i ϵjbq is the utility of getting a contract c from bank b given that

borrower j has the type i. I assume that the utility function V is additively or multiplicatively

separable. The function’s first argument captures the utility derived from the contract. The

second argument is a borrower-bank-specific demand shock (σ´1
i parametrizes its variance

and µib its mean).

The demand shocks pϵjbqb are known to borrower j when they choose their bank and

contract. The index j refers to the individual borrower instead of its type. This distinction

between borrower and type is made for conciseness of the notation, as I show in Lemma 1

below that additive or multiplicative separability prevents lenders from directly screening

borrowers on their ϵjb draws.

Demand shocks are the main departure from the classic principal-agent model. It allows

for imperfect substitution between contracts from different lenders and, thus, introduces some

degree of market power. The demand shock can be interpreted as product differentiation—

for instance, the distance between the borrower and the closest bank branches in Hoteling

(1929) or Rochet and Stole (2002)—or imperfect information about the products available

as in Varian (1980).

Example of demand function: Equation (4) implies a demand function faced by

lenders. To fix ideas, let us look at the demand function faced by a bank b for borrowers of

type i when the lender does not know the demand shocks (ϵjbqj. If the shocks are independent,

extreme value distributed conditional on borrower preferences (Θi :“ pθi, pµibqb, σi, αiq), and
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enter the utility multiplicatively, equation (4) implies:

Dibpuiq :“ Eϵr1tbij“bu|Θis (5)

“

market size
hkkikkj

ni

Probability i chooses b
hkkkkkkkkkkkkkkkkkikkkkkkkkkkkkkkkkkj

exppσitlnpuibq ` µibquq
ř

xPB exppσitlnpuixq ` µibqu
, if V “ uib ¨ exppµib ` σ´1

i ϵjbq (6)

ùñ
BDibpuiq

Buib

uib
Dibpuiq

“ σip1 ´ Dibpuiqq (7)

uib :“ arg maxcPMb
tuipXc, Rcqu is the borrower i utility when choosing the best contract

offered by bank b. ui :“ puibqbPB denotes the vector of utilities.

In that example, σ drives the demand elasticity and is thus a convenient way to model

competition. When σ tends to infinity, holding utilities constant, the demand becomes close

to perfectly elastic. I refer to this situation as the perfect competition case. When σ tends

to zero, the demand is inelastic. I refer to this as the monopoly case.

3.2.2 Default probabilities

The market is adversely selected as the borrower’s willingness to pay (θi) provides information

about their default probabilities. Formally, the expected default probability conditional on

the borrower information set (Iij :“ tpϵjbq,Θi :“ pθi, pµibqb, σi, αiqu) when they choose their

loan contract is:

Erdefaulti|Iijs “ dpΘiq (8)

defaulti is a dummy equal to 1 if the borrower defaults in period 2. dp¨q P r0, 1s is the

borrower i default probability. I assume that the default probability is independent of the

realization of the demand shock (ϵjb). Hence, the fact that high default borrowers may tend

to go to certain types of banks or search with lower intensity is captured by the mean and

the variance of the demand shocks (i.e., µib and σi respectively).
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Example of micro-foundation of default: To fix ideas, let us consider that a borrower

defaults if their wage Wi is lower than the loan monthly payment mi ą 0. A wage process

that satisfies equation (8) is:

Prpmi ą Wiq “ di, with Wi “

$

’

’

&

’

’

%

W̄i with probability 1 ´ di

0 with probability di

(9)

The modelling is consistent with the empirical evidence in Hertzberg, Liberman, and Par-

avisini (2018) showing that the unobserved heterogeneity driving 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

NMG household survey that 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 cut in wage (67 percent), or an increase in loan payment (10 percent).

The example from section 3.2.1 provides a micro-foundation of the correlation between

default di and borrowers’ willingness to pay (θi). Indeed, from equation (3), we have:

θi “
BLupL,Rq

BRupL,Rq
“

pT`1qr1´Tdis
1´di

. This example highlights that firms with a higher default proba-

bility are less sensitive to interest rates, making them more likely to have a higher θ. However,

those firms are also less likely to benefit from the increase in production from their loan size,

which makes them less likely to have a higher θ. A market can thus feature positive or

adverse selection depending on which effect dominates.

Endogenous default: Equation (8) neglects the impact of contract terms on default.

This assumption is made for tractability reasons but is a good approximation in environments

where default sensitivities are low around the equilibrium interest rate (see, for instance

Nelson 2018). Examples of such situations are cases where defaults are triggered by large

income shocks such as being made redundant12.

12. It is a main trigger of default according to BoE NGM survey

13



The model can allow for endogenous default as long as the resulting utility derived from

contracts is additively separable, as in equation (1). There are different ways to achieve

this. For instance, one can linearize the utility function upX,Rq defined in equation (2)

around the equilibrium contract terms, taking into account that default is also a function

of contract terms. Alternatively, one can assume that default is piece-wise linear with one

kink, defined as functions of monthly payments as in equation (9). Finally, if the borrower’s

default probability does not directly impact the utility derived from the loan (as in the case

of consumer credit so that T “ 0 in equation (3)), one can use the following functional form

for default: dpθi,mq “ 1 ´ fpθiq ´ βi ¨ m´1 with βi P R and f being a function of θi.

3.3 Lenders

I first describe how each lender designs their menu of contracts. Then, I rewrite the lender

program in terms of promised utilities to separate the competition channel from the screening

one.

3.3.1 Menu Design

Lenders do not observe individual borrower characteristics pΘi, di, ϵjbq, but they know the

population distribution. As such, they can use a menu of contracts to make borrower reveal

their private information through their choices. I use the following Lemma to derive the in-

centive compatibility constraints in terms of uipXc, Rcq only, and ensure that lenders cannot

screen on demand shocks (ϵjb):

Lemma 1: When V is either multiplicatively or additively separable, invertible in its

first argument, and demand shocks (ϵjb) are uncorrelated with willingness to pay pθiq, lenders

cannot screen on demand shocks.

Proof: See Appendix C.
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Using Lemma 1, lender b designs a menu of contracts to maximize their expected profits

subject to the following incentive compatibility and participation constraints:

max
tpXib,Ribqu

Er
ÿ

iPΓ

Demand
hkkkkkkkikkkkkkkj

Eϵr1tbij“bu|Θis

Net Present V alue of lending
hkkikkj

NPVi |Ibs (10)

s.t. pICibq : uipXib, Ribq ě uipXĩb, Rĩbq @i, ĩ P Γ

pIRibq : uipXib, Ribq ě uip0, 0q

With bij defined in eq. (4)

Ib is lender b information set; it contains the distributions of pΘ, d, ϵq for each borrower

j conditional on their choice of contract, and the menus of contracts of all lenders in the

market.

The incentive compatibility constraint (ICib) ensures that type i borrowers choose the

contract designed for them. The index ib used for contract terms highlights that this contract

is offered by bank b and designed for type i borrowers. Under the assumptions of Lemma 1,

lenders can only separate borrowers based on their parameter θ as only they enter the (IC)

constraints.13 Thus, screening borrowers based on their other characteristics pαi, di, pµibqb, σiq

is only possible through their correlations with θ.

The individual rationality constraint pIRibq ensures that the borrower i contract gives

them at least as much utility as the one they would get without borrowing.

Net Present Value of Lending: Lender b net present value of lending to borrower i

via a contract ib is denoted NPVib:

NPVib :“ αiRib ´ mcbpXibq (11)

13. The α terms enter the left and right-hand side separately and thus cancel each other.
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mc is the marginal cost of lending via contract ib. It is a convex function that increases in X.

mcbp0q equals zero so that the contract p0, 0q can be interpreted as rejecting the borrower’s

application.

αi is the same parameter as the one in the borrowers’ utility function (1), so that αiRib

can be interpreted as the present value of the loan. To fix ideas, when d is the monthly default

probability, m is the monthly payment, the lender is risk neutral, with a time discount rate

of one and a maturity of M, the PV function is: m1´p1´diq
M

di
« p1 ´ diqMm, when d Ñ 1.

In that case, we can interpret αi as the monthly survival probability p1 ´ diq and R as the

maturity times the monthly payment Mm.

3.3.2 Utility Representation

Given that the incentive compatibility and individual rationality constraints are stated in

terms of utilities and quantities, the literature usually transforms the lender’s program from

the price-characteristic space to the utility-characteristic space (see, for instance, Rochet

2024). This formulation helps to separate the effect of competition—through utilities—from

the effect of imperfect information on product characteristics (X). It also makes the program

similar to the workhorse monopoly model. I thus use the change of variable ũib “ vpX; θiq´Ri

and rewrite the bank maximization the following way:

max
tpXib,uibqPFu

Er
ÿ

iPΓ

Demand
hkkkkikkkkj

Dibpαiũibqt

Social Surplus
hkkikkj

SibpXq ´αiũiu|Ibs (12)

s.t. pICibq : ũib ě ũĩb ` ∆θĩivpXĩq
loooomoooon

Information rent

, @i, ĩ P Γ

The demand function Dibpθiũibq :“ Eϵr1tbij“bu|Θis is equal to the probability that borrower

i chooses bank b conditional on the menus offered in the market. Abusing the notation, I

use Di and Dibpuibq when unambiguous instead of Dibpuiq, where ui :“ puibqb is the vector of

promised utilities offered by the lenders to borrower i.

SibpXq :“ αivpX; θiq ´ mcbpXq is the social surplus generated by the loan.
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F is the set of feasible contract. The contract in the feasible set must satisfy the individual

rationality constraint ũib ě
uip0,0q

αi
.

The incentive compatibility constraint (ICib) can be rewritten as in the monopoly case.

It highlights that if the lender wants to provide utility ũĩb to borrower ĩ with a contract

with characteristic Xĩ, it has to provide at least ũĩb ` ∆θĩivpXĩq to borrower i. The term

∆θĩivpXĩq :“ pθi ´ θĩqvpXĩq is called an information rent in the literature.

This formulation of problem 12 highlights that lenders use contract characteristics (X)

to maximize the social surplus (SpXq) and use interest rates (R or equivalently ũ) to split

the surplus. Due to asymmetric information, lenders have to take into account that contract

characteristics affect the information rent p∆θĩivpXĩqq and thus the interest rate that they

have to provide to borrowers to maintain incentives to self-select.

4 Optimal Contracts

In this section, I first list the conditions for the lender program to be well-behaved and the

equilibrium to exist. Then, I analyze the perfect information and the imperfect information

cases.

4.1 Optima and Equilibrium Existence

The following conditions ensure that the first-order conditions are necessary and sufficient

conditions for an optimum and that an equilibrium exists. Economic intuition for why the

equilibrium exists is provided in section 5.1, which analyses the equilibrium contracts:

Lemma 2: Optima and Equilibrium Existence

Optima — There exist a unique solution to problem (12) as long as the demand func-

tions Dibpuiq :“ Eϵr1tbij“bu|Θis are concave in uib, and the surplus functions SibpXq :“

αi

ř

c θidvdpXdq ´ mcbpXq are increasing and concave in X and vd are one-to-one functions.
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Equilibrium Existence — There exists an equilibrium as long as demand functions

pDiq are continuous in utilities ui, marginal costs mc and utilities functions v are continuous

in contract characteristics X and the feasible set of contract F is compact.

Proof: See Appendix C.1.1.

Lemma 2 is derived using a standard analysis tool for convex problems. This is the

key advantage of setting the demand system as a discrete choice problem to get continuous

demand functions.

Lemma 2 guarantees the existence of a pure strategy Nash equilibrium. This result con-

trasts with, for instance, Rothschild and Stiglitz (1976), or Lester, Shourideh, Venkateswaran,

and Zetlin-Jones (2019), which use discontinuous demand function. Having a pure strategy

equilibrium is more realistic as, in most empirical applications, lenders do not randomize

their menu in each period. It is also more analytically tractable, even in situations with an

arbitrary number of lenders, borrowers and product characteristics. Furthermore, it allows

the model’s first-order conditions to be used to derive clean moment conditions that make

the source of variation required to recover the model parameters transparent. Those gener-

alizations are essential for catering to a wide variety of empirical applications.

Example of demand functions: When demand shocks are extreme value distributed

and the V functions are multiplicatively separable, as in equation (6), the demand functions

are continuous and concave. It is a convenient functional form as it makes the demand

function logit-like and thus close to the one used in most empirical applications (see, for

instance, Crawford, Pavanini, and Schivardi 2018 or Benetton, Gavazza, and Surico 2021).

When the V function is additively separable, the demand function is concave, but only

for low values of σ. To make the model well-behaved when σ is high, one has to add a

capacity constraint as shown in Appendix C.1.3. The capacity constraint is used in Azevedo
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and Gottlieb (2017), in their perfect competition model.

4.2 Characterization of the Contracts: Observable type

To gain intuition about the economic forces driving lenders’ decisions, I first start by solving

the perfect information case. Formally, I assume that lenders observe all borrower charac-

teristics except for the demand shocks (i.e., the parameters pΘi, diq are observable). Not

observing the demand shocks allows the demand functions to be continuous. I use this

modelling to study the effect of competition in this setup.

Formally, using the first order conditions of model 12 without the incentive compatibility

constraints, the optimal contract terms are characterized by:

Contract Terms : BXSibpXiq “ 0 ðñ

Marginal benefits
hkkkkkkkikkkkkkkj

αiBXi
vpXi; θiq “

Marginal costs
hkkkkkikkkkkj

BXi
mcbpXiq (13)

Pricing : αiRi
loomoon

Loan Present value

“ mcpXiq
loomoon

Break even price

`
Di

Bui
Di

loomoon

Markup

(14)

The above equations state that lenders set contract characteristics (X) to maximize the

social surplus (equation (13)), and use the interest rates to split the surplus between borrowers

and lenders (equation (14)). How the surplus is split depends on the demand semi-elasticity

( Di

BuiD
b
i
): When lenders offer products that are close substitutes (e.g., σ high in the logit case,

so that Di

BuiD
b
i

is low), lenders have low market power and thus equate the loan present value

to the contract marginal cost (mcpXiq).

4.3 Characterization of the Contracts: Unobservable Type

I now consider that lenders cannot observe any of the borrowers’ characteristics pΘi, di, ϵjbq

and thus solve problem 12 with the incentive compatibility constraints.
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4.3.1 Multidimensional Screening: dimpθq ą 1 and dimpΓq ą 2

Characterizing the equilibrium is challenging when the number of contract terms and the

number of agents’ types are greater than two (i.e., dimpθq ą 1 and dimpΓq ą 2).14 In that

case, the set of incentive compatibility constraints that are binding is endogenous to contract

terms, which leads to tractability issues (see, for instance, Rochet 2024 or Carroll 2017).

As a result, the vast majority of the empirical and theoretical literature focuses on the sit-

uation in which dimpθiq “ 1 and endogenizes prices and at most one contract characteristic.15

This assumption does not restrict other parameters (i.e., pΘiztθiu, di,) to be heterogeneous

conditional on θi.

The focus on one dimension is not as restrictive as it seems. Indeed, the recent theoretical

literature on robust contract theory (see, for instance, Carroll 2017) showed that when the

principal does not know the joint distribution of preferences and evaluates mechanisms ac-

cording to the worst-case scenario, the optimum for the principal is to screen each component

separately.

When utilities are linear, one can show that only one characteristic is used to screen

between two borrowers. The characteristic is the one that is less costly to distort (i.e., the

one that has the minimum shadow cost: λij :“
BXSjpXq

θi´θj
where θi ą θj and SjpXq is the social

surplus). When the characteristic that has the lowest shadow cost is the same for each pair

of borrowers, then the problem boils down to a unidimensional screening situation as well.

4.3.2 Screening when dimpθiq “ 1

Motivated by example (3) and the empirical application, I focus here on a situation where

lenders can choose interest rates, maturity and loan size so that θi is of dimension one. I

interpret X as the loan size and R as the monthly payments times the maturity.

The assumption that dimpθiq “ 1 is relaxed in section 5.1, which derives general results

14. With each element of θi being random variables that are not perfectly correlated
15. See, for instance, Veiga and Weyl (2016) for an empirical model without menus, and Azevedo and

Gottlieb (2017) for empirical applications, and Einav, Finkelstein, and Mahoney (2021) for a review.
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for the multidimensional screening case (i.e., dimpθiq ą 1) under perfect competition.

When dimpθiq “ 1, screening is achieved by making borrowers with a high willingness-

to-pay (high θ) self-select into high loan high interest rate contracts. The set of incentive

compatibility constraints can be simplified: Only the incentive compatibility constraints of

the borrowers with close θ are relevant. I thus order borrowers according to their θ value such

that borrower i has a higher θ than borrower i´1. I index by I the borrower with the highest

θ and 0 the borrower with the lowest. The relevant incentive compatibility constraints for

borrower i are only the one of borrower i` 1 (i` 1 potentially wants to pretend to be of the

i type) and the one of borrower i´ 1 (i potentially wants to pretend to be of the i´ 1 type).

For exposition purposes, I focus here on an interior solution and consider that pαi, di, pµibqb, σiq

are the average values of pαj, dj, pµjbqb, σjq conditional on θi, where i index the different values

of (θi) and j the borrower. The latter only affects equation (16) below and can be general-

ized by multiplying both sides by BuiDi and taking the expectation conditional on the lender

information set.

The optimal contracts is characterized by:

Contract Terms : Xi “

$

’

’

&

’

’

%

XII
i :“ v´1pvpXi`1q ´

Ri`1´Ri

θi`1
q if XII

i ď XPI
i

XPI
i if i=I or if XII

i ą XPI
i

(15)

Pricing :

Loan Present V alue
hkkikkj

αiRi “

break even price
hkkikkj

mcpXiq `

Perfect information markup
hkkikkj

Di

Bui
Di

`

Information discount{premium
hkkkkkkkkkkkkkkkikkkkkkkkkkkkkkkj

Di

Bui
Di

IRipXi, Xi´1,
Di´1

Di

qs

(16)

IRipXi, Xi´1,
Di´1

Di
q :“ α´1

i r

Marginal social surplus
hkkkkikkkkj

BXi
SipXiq

∆θi`1BXi
vpXiq

looooooomooooooon

Marginal information rent

1i‰I ´
Di´1

Di

BXi´1
Si´1pXi´1q

∆θi,i´1BXi´1
vpXi´1q

1i‰0s is an infor-

mation distortion.

XPI which solves equation (13)

Equation (15) highlights the tools that lenders can use to maintain borrowers’ incentives to
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self-select: credit rationing (XII
i ) and cross-subsidies (Ri`1 ´Ri). It states that the contract

characteristics are equal to their first best value (XPI) when the pricing of contracts—

characterized by equation (16)— makes them incentive-compatible. When the contract prices

(R) are insufficient to maintain borrowers’ incentives to self-select, the lender sets the contract

characteristics such that the incentive compatibility constraint is binding (i.e., Xi “ XII
i ).

As in Rothschild and Stiglitz (1976), there is no distortion at the top: The borrower with

the highest willingness to pay (θ) gets the first best loan size. Other borrowers get a lower

loan size, and potentially credit rationed. How credit rationed the borrower is (XII
i ) depends

on the interest rate spread (Ri`1´Ri

θi`1
) and the loan size of the borrower’s willingness to pay

just above (Xi`1).

Equation (16) is the optimal pricing equation. It is a key novelty of the paper as the

literature on selection markets does not use continuous demand systems and thus cannot

rely on first-order conditions.

I rewrite the optimal pricing equation as the sum of three terms: a break-even price,

a perfect information markup, and an information distortion (i.e., the cross-subsidy term).

This decomposition has two benefits. First, it provides intuition about the economic forces

at play. Second, as discussed in section 6.1, the equation can directly be used as a moment

condition to recover the model parameters.

The first two terms of equation (16) can be interpreted as the best response of bank b

to its competitors’ contracts if lender b had perfect information about its customer. Those

components have already been analyzed in section 4.2 as they appear in equation (14). The

last term (IRi) captures the impact of adverse selection. It provides intuition about the

lender incentives to use credit rationing or cross-subsidy to maintain borrowers’ incentives to

self-select.

The first element of IRi in equation (16) (i.e.,
BXi

SipXiq

∆θi`1BXi
vpXiq

) is positive and affect the rate

of low default borrowers when Corrpθi, diq ą 0. I call that term the information premium.

It prevents the higher default borrowers (i ` 1) from choosing the contract designed for
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the lower default borrower (i). The information premium formula captures the intensive

margin costs and benefits of increasing interest rates above the perfect information ones.

The numerator represents the benefits of increasing the loan face value R: It relaxes the

incentive compatibility constraint and thus increases the surplus generated by the loan by

BXS for each dollar additional dollar lent. However, for a given increase in the loan face

value R, there is a limit to how large the loan of the low-default borrower can increase

without attracting the high-default borrower. This amount is exactly equal to one over the

information rent.

The second term of IRi (i.e., Di´1

Di

BXi´1
Si´1pXi´1q

∆θi,i´1BXi´1
vpXi´1q

q is negative and affects the rate of

high default borrower when Corrpθi, diq ą 0. I call that term the information discount. This

discount ensures high default borrowers have lower incentives to select the contract designed

for the low default borrowers i ´ 1. The intuition is the following. By providing a discount

(i.e., lowering the interest rate of the i contract by ∆θi,i´1BXi´1
vpXi´1q), the lender lower

their profit margin on each i borrower they attracted (i.e., Di). However, the information

rent allows lenders to lower the amount of credit rationing and thus their profit margin on

each i´ 1 borrower by BXi
SipXiq. This effect is multiplied by the number of customers they

have (i.e., Di´1).

The pricing distortion IRi is multiplied by the demand semi-elasticity, which captures

the extensive margin cost of playing with interest rates R (i.e., changing the promised utility

ui level). When the demand semi-elasticity is high, increasing rates too much compared to

the perfect information pricing is costly due to the effect on the number of customers. Thus,

the lender has incentives to keep the demand unchanged and use more credit rationing.

4.3.3 Graphical Intuition: Linear Model

To provide intuition about equation (16)—and later on the equilibrium existence result un-

der perfect competition—let us focus on the two borrower-type case and represent the lender

problem b in a graph. To make the model close to the empirical application setup in sec-
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tion 7, I assume utilities and marginal costs are linear, and the feasible set is X P r0, X̄s.

I consider two borrowers (G and B). B has a higher willingness to pay (θ) and a higher

default probability. I plot borrower indifference curves (blue for B borrowers and green for G

borrowers) and lenders’ break-even conditions for each market segment (light grey horizontal

lines) in figures (1) and (2). To render the graph more legible, I consider the situation in

which lenders must pay a fixed cost of originating contracts (i.e., mcpXq “ f P R`) so the

grey lines are horizontal. I denote pC1, C̃1q the perfect information contracts of bank b. C2

and C3 are the imperfect information contracts.

Figure 1: Effect of information premium:
More profits per G customer (C2 to C3),
loose G customers with respect to perfect
information utility levels (C1).

Figure 2: Effect of information discount:
More profits per G customer (C2 to C3),
loose B customers with respect to perfect
information (C̃1 to C̃2).

Figure 1 shows the effect cost associated with providing an information premium ( DG

BRDG
¨

BXi
SipXiq

∆θi`1BXi
vpXiq

in equation (16)). It relaxes the incentive compatibility constraints and allows

the firm to offer contract C3 instead of C2 to low default borrowers. This increases lender’s

profits by
BXi

SipXiq

∆θi`1BXi
vpXiq

. However, this comes at the cost of losing customers ( DG

BRDG
).

Figure 2 shows the effect cost associated with providing an information premium ( DB

BRDB
¨

DGBXi
SipXiq

DB∆θi`1BXi
vpXiq

in equation (16)). It relaxes the incentive compatibility constraints and allows

the firm to offer contract C3 instead of C2 to low default borrowers. This increases the lender’s

profits by BXi
SipXiq to each low default borrower. However, this comes at the cost of having

to provide an information rent (∆θi`1BXi
vpXiq) to bad borrowers. The rent has both an
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intensive and an extensive margin effect: it is paid to existing borrowers and will attract new

customers as well. The extensive margin is captured by ( DB

BRDB
).

5 Analysis of the Equilibrium Contracts

In this section, I analyse the equilibrium contract for the multidimensional screening case

under perfect competition. I then do a positive and normative analysis of the equilibrium

contracts for the model used in the empirical application.

5.1 Perfect Competition and Multidimensional Screening

In the textbook perfect competition model of screening (i.e., Rothschild and Stiglitz 1976),

pooling contracts cannot be offered in equilibrium. This is because of cream-skimming: a

lender can take advantage of the pooling contracts offered by its competitors and introduce

a new contract with a smaller loan size and price it so that it only steals the most profitable

borrowers.

Yet, separating contracts cannot be an equilibrium when the number of low-default bor-

rowers is large enough. In that case, both low and high-default borrowers prefer to be pooled,

so a competitor can make profits by offering pooling contracts. The low-default borrowers

get a lower credit constraint at the cost of a slight interest rate increase, and the high-default

borrowers get a lower rate. The above intuition is summarized in Figures 10 and 11 in the

appendix for the linear model presented in section 4.3.3.

The following theorem shows that the separating contracts constitute an equilibrium in

my model even when demands are almost perfectly elastic. The intuition is provided below

and in Figure 3.

Theorem 1: Perfect competition equilibrium.

Under the conditions of Lemma 2, if it is possible to design a menu of separating contracts in
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which lender price each contract at their marginal cost, then perfect competition equilibrium’s

(i.e. Bui
Dipuiq Ñ 8 @puiqi) will feature no cross-subsidy and full separation.

Corollary: Rothschild and Stiglitz case (i.e., dimpθiq “ 1 and corrpθi, diq ą 0).

As Bui
Dipuiq Ñ 8 @ui, the equilibrium tends to the Rothschild and Stiglitz (1976) separating

contracts even in the region in which the equilibrium does not exist in Rothschild and Stiglitz

(1976).

Corollary: Rochet and Stole case (i.e., dimpθiq “ 1 and corrpθi, diq ď 0). As

Bui
Dipuiq Ñ 8 @ui, the perfect competition equilibrium tend to the first best contract.

Proof: See Appendix C.2.

For intuition, let us focus on the Rothschild and Stiglitz case as in section 4.3.3. In

my model, the deviations from separating contracts—represented by contract (Cp) in Figure

3—are not profitable, so the equilibrium with separating contracts always exists.

The reason is that deviations from screening attract too many high default borrowers to be

profitable. This is because they do not attract the whole market—because of concave demand

functions—and are relatively more valuable to costly borrowers. The intuition behind why

deviation from screening is more valuable to high-default borrowers is the following. Pooling

deviations (i.e., using cross-subsidies) require increasing the G contract loan size, which is

relatively more valuable to the high-default borrowers.

A visual representation of this argument is provided in Figure 3. The intuition relies on

two points. First, the most profitable perfect competition pooling deviation implies moving

along the G borrower indifference curve. This deviation is more attractive to B borrowers

as it relies on increasing the loan size and pricing each additional loan dollar lent at the low

default borrower’s willingness to pay. Second, because of concave demand functions, there is

always a mass of borrowers that are harder to attract, even when the demand elasticities are

close to infinity at equilibrium. Taken together, those two points imply that the deviation

26



Figure 3: Deviation (Cp) from screening contracts pC1, C2q

attracts too many high-default borrowers to be profitable. The break-even rate for the

average borrower the lender can attract —represented by the red line in Figure 3— is above

the low default borrower indifference curve. This is true even when the break-even rate for

the average borrower participating in the market is below the deviation (Cp).

Contrarily to Azevedo and Gottlieb (2017), this result does not require a capacity con-

straint and is derived for any demand function and dimension of contracts.

5.2 Positive Analysis of the Equilibrium Contracts

In this section, I analyze the properties of the equilibrium contract. For simplicity of the

exposition and to analyze the model that is close to my empirical application, I consider

the model presented in section 4.3.3 with demand shocks are additive and extreme value dis-

tributed so that the demand has a logit form. Additional technical assumptions are described

in Appendix D.

Results: Equilibrium and comparative statics.

Equilibrium Characterization: The model can be solved in closed form, by replacing

the demand elasticities by 1
σip1´ 1

B
q
and the demand Di by

ni

B
in equation (16).

Competition: As long as no pIRiq constraints are binding, a decrease in competition
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decreases the amount of credit rationing.

Marginal cost of lending: Increasing the marginal cost of lending of low loan con-

tracts decreases the credit rationing level and interest rate spread under high competition (i.e.,

1
σip1´ 1

B
q
low). The effect goes in an opposite direction under low competition.

Increasing the marginal cost of lending of high loan contracts increases the amount of

credit rationing.

Proof: See Appendix L

The intuition for the result on competition is the following. Theorem 1 shows that

borrowers are credit-rationed under low competition levels if the market is adversely selected.

When competition decreases, lenders have incentives to increase interest rates R for both

contracts to increase their profits. However, increasing rates relatively less for high-default

borrowers (i.e., B borrowers) alleviates the credit constraint, which allows lenders to make

more profits from the low-default market segment. With logit demand, the second channel

dominates. When the individual rationality constraint for the low-default borrower (i.e.,

G borrowers) is binding, the lender cannot increase the rate on the low-default borrower

contract, so the credit rationing increases.

To analyse the result on the marginal costs, I decompose the effect into a perfect competi-

tion and an imperfect competition channel. Let us consider a situation in which the marginal

cost of the G contract increases.

Under perfect competition, increasing the marginal cost of the G contract (i.e., the one

designed for G borrowers) makes it less attractive to B borrowers. As a result, the incentive

compatibility constraint is relaxed and lenders can increase the loan size of the G contract.16

Under imperfect competition, there is an additional effect. The increase in the marginal

16. Increasing the marginal cost of B contracts has the opposite effect, as it tightens the incentive compat-
ibility constraints. When both marginal costs increase, the second effect dominates as interest rates increase
relatively more in the B contract because they are scaled up by default probabilities.
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cost decreases the surplus of lending via the G contract. As the potential surplus for G

contracts decreases, lenders have less incentive to provide an information rent to B borrowers

in order to lower the credit constraint on G contracts.

I summarize the result in Figure 4. When the marginal cost increases relatively more for

the G contract, the equilibrium region moves from the dotted lines to the solid lines in figure

4.

Figure 4: Equilibrium regions when marginal costs increases

Implication for banking: Banking policies often affect the marginal cost of lending

but are not analyzed through the lens of screening models. Different policies can be affected

depending on the contract characteristics used to screen. For instance, in markets where

lenders screen with maturity (see Hertzberg, Liberman, and Paravisini 2018 for empirical

evidence), then the effect of quantitative easing (QE) likely depends on the degree of compe-

tition. 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
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the model, and capital requirements are often LTV-specific.

5.3 Normative Analysis: Screening Externality and Pareto Im-

provement

In this subsection, I show that a contractual externality may cause excessive screening. This

implies that there is room for policy interventions.

Contractual externality: To get 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 optimal contract of an informationally constrained social planner. Formally,

the social planner maximizes lenders’ profits subject to the same incentives compatibility

constraints as the lender and subject to providing at least as much utility to borrowers as

the market contracts for a given competition level (denoted pu˚
B, u

˚
Gq). That is, the problem

is the same as (12) but with constant market shares (ni) and the participation constraints

being equation to u˚
i instead of V̄ . The constant market shares assumption shuts down the

contractual externality.

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

Proposition 4: Sufficient Statistic for the Contractual Externality. Banks

should pool borrowers together at X̄ if and only if:

θG ´ mc
αG

pθB ´ θGq

nG

nB

ą 1 (17)

However, except under monopoly, the competitive equilibrium switching point is different

than the social planner one (17).
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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 as 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). 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 (17) captures the condition for

the latter to be true. The numerator is the benefit of increasing XG while the denominator

represents the costs. Increasing the loan size allows the social planner to generate more

profits pθi ´ mc
αi

q per G borrowers. However, to maintain incentives to self-select, lenders

have to decrease the interest rate on the B market segment, leading to a loss of pθB ´ θGq

per B borrower. 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 rationing (i.e., considering only the numerator of equation (17)).

Equation (17) can be used to test for the existence of the contractual externality. One can

use a revealed preference approach to recover borrowers’ willingness to pay and relative con-

tracts’ shares to get the relative numbers of borrowers. The marginal cost can be recovered

either using accounting data or by estimating it using the interest rate first order conditions

as standard in the industrial organisation literature.

Effect of Policy interventions: In appendix P, I show that decreasing competition

can lead to a Pareto improvement. The intuition is that it lowers’ incentives to implement
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cream-skimming deviations. The policy can make G Borrowers better off by lowering their

credit constraint at the cost of increasing the higher 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 5 illustrate the set of parameters

for which decreasing competition is a Pareto improvement. This is the case when cream

skimming happens and is inefficient. That is when the number of high borrowers is relatively

large, and competition is high.

Figure 5: Pareto set

6 Bringing the Model to the Data: A Guidebook

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

I discuss the identification and estimation of the model parameters for types of datasets

commonly used in banking or insurance. In the first scenario, I consider that the econome-

trician has data on menus and customer choices but only for one lender. 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
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to this as the proprietary data case.

Second, I analyse the situation where the econometrician has data on multiple lenders 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).

6.1 First Case: Proprietary Data on a Single Firm

The estimation of the model parameters is based on a three-step procedure. Step 1 recovers

the default probabilities (di), which allows us to get αi. Step 2 identifies the willingness to

pay (θ), and step 3 the marginal costs (mc) as well as the demand elasticities parameter (σ).

I use the general utility specification described by equation (3).

Step 1: Default Probabilities (d).

Similarly to equation (9), I assume that borrower i defaults if their disposable income Wit

at time t is lower than the loan monthly payment mit. I consider that disposable income is

observable by the lender at origination and that the probability of it changing over time is

exogenous and is the borrower’s (partially) private information. In practice, lenders have a

good sense of borrowers’ disposable income through credit checks.

In addition to its tractability, this modelling assumption has a convenient implication: It

allows recovering the key model parameters without estimating default elasticities to monthly

payments (see Steps 2 and 3). Identifying default elasticities relies on comparing borrowers

who are observationally equivalent but chose different contracts. Because of the selection on

unobservables, finding the right control group is problematic when lenders screen.17

Formally, denoting Ti the loan maturity in months, the borrower survival probability at

maturity is:

17. Alternatively, the default probability can be parametrized as θ “ α `
β
R . This approach also yields

closed-form solutions.
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Si :“ Er1tD!ti:mitąWitu|XB
i , i chose contract cs (18)

XB
i are borrowers’ characteristics, contracts and menus characteristics or any other vari-

ables that are observable by the lender when the contract is originated, that predict the

income or the contract selection process, and that are legal to use to make acceptance and

rejection or pricing decisions.

For each observationally equivalent borrower choosing contract c (indexed by j P J1, ncK),

one can estimate the average survival probability (Ŝi) using realised default at maturity:

Ŝi :“
nc
ÿ

j“1

1tj did not defaultu (19)

Using a constant hazards rate model, this yields the following constant monthly survival

probability:

α̂i :“ e´λ̂i , with λi : Ŝi “ e´λ̂iTi (20)

The present value of a loan is then r1´e´λT sm « λTm. The constant hazards rate model

is convenient when screening with maturity (see empirical application). In that case, λ plays

the same role as α and Tm 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.

Step 2: Borrower preferences (θi).

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 while
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they had access to a contract 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 (6)

provides a visual representation of this argument. I plot the internet rate of the contract 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.

Figure 6: The slope of the pricing schedule at the contract chosen allows us to recover the
borrower’s willingness to pay θi

One challenge with this approach is that willingness to pay θi depends on their default

probabilities (as highlighted in equation (3)), which are endogenous objects. This implies

that the econometrician potentially needs to estimate the default probability if the borrower

were to choose another contract. Because of adverse selection, this is problematic.

There is no standard way to address this point as the industrial organisation literature

typically focuses on the market without moral hazard and thus estimates willingness to pay

as a fundamental parameter of the borrowers’ utilities.

As a solution to this problem, I propose to use contracts that yield the same monthly

payments (leveraging the variety of maturity and loan size options offered in practice) so that
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default probability is plausibly constant for a given individual. 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 to, for instance, Taburet, Polo, and Vo (2024).

Using contracts with similar monthly payments to recover preferences is plausibly the

relevant set of contracts in practice. Indeed, monthly payment targeting is consistent with

empirical evidence (see Argyle, Nadauld, and Palmer 2020 for an example using the car loan

market, Graham and Harvey 2001 or their CFO Survey). Furthermore, this consideration

set also arises naturally in a model with linear utility and inefficient default (see the follow-

ing footnote18 and Appendix H). In that case, borrowers max out their maximum monthly

payment capacity, so using contracts with the same maturity yields is the relevant set of

moments to use.

Formally, I construct the moments using the fact that borrower i chooses the contract

designed for them (contract i) if its indirect utility is higher than the one if they were to choose

similar contracts (i-1 and i+1). Considering contracts with the same monthly payment and

denoting G the probability distribution function of θ conditional on default probabilities, I

get the following bounds:

uipRi, Liq ě uipRj, Ljq @j ùñ a :“
Ri ´ Ri`1

Li ´ Li`1

ď θi ď b :“
Ri ´ Ri´1

Li ´ Li´1

(21)

L is the loan size, and R is the maturity times the monthly payments.

Relative contract market shares ( ni
ř

c nc
) and the variables (a, b) are typically observable

by the econometrician. An estimate of G is thus:

Ĝpa ď θi ď bq “
ni

ř

c nc

(22)

Exogenous variation in a or b — i.e. variation uncorrelated with the distribution of θ (i.e.,

18. For instance with the following model: maxL αL ´ pprL ą W qrL ´ p1 ´ pqc, c ą rW̄ and W follows a
Bernoulli with its maximum value being W̄ .
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the G function)— allows the recovery of the full distribution non-parametrically. One 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 the recovery of the distribution

of borrowers’ willingness to pay.

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 looking at variations of contracts other than contract i. For instance, Taburet, Polo,

and Vo (2024) uses variation in the contract-specific marginal cost of lending to recover the

preference heterogeneity in a model with moral hazard and adverse selection.

Step 3: Demand elasticities (σi).

I recover the demand elasticity using the pricing equation (16) as a moment condition.

My approach contrasts with the standard industrial organisation approach, which estimates

demand elasticities using a discrete choice model (e.g., logit in Berry, Levinsohn, and Pakes

1995) and uses the pricing equation (16) to recover marginal costs. There are two reasons

to depart from the approach used in industrial organisation. First, data on choice sets at

the individual level is not available; and using comparable borrowers to construct choice set

is problematic due to bank specialization and selection on unobservables. Second, data on

marginal lending costs at the individual level are less challenging to recover in banking: it is

common practice to consider that the deposit rate plus the capital requirements constitute

the marginal cost of lending. Central banks record those two elements.

The estimation procedure is as follows: Given an estimate of borrower’s parameter pαi, θiq,

and conditional on observing the cost of lending (mc) one can construct the asymmetric

information premium and discount using the formula for IR from equation (16). In the case

of linear preferences, we have:
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α̂iÎRi :“ r
1

ni

θi
αi

´ mc

∆θi
1ią1s ´ r

1

ni´1

θi`1

αi`1
´ mc

∆θi`1

s1iăx (23)

Abusing the notation, I use σi for the equilibrium demand semi-elasticity instead of

1
σp1´

ni
B

q
. The demand elasticity of each group is recovered using the pricing equation (16):

αiRi “ m̂c Li ` σir1 ` IRis ùñ Erσ̂|cs :“ Ri ´
m̂c Li

Erθ̂i|cs
r1 ` ÎRis

´1 (24)

Equation (24) is derived using the first-order condition of the lender problem with respect

to maturity (T ), holding the monthly payment constant (m).19 That way, thanks to the

assumption that only monthly payments affect defaults, I can recover the demand parameters

without estimating default semi-elasticities, a problematic parameter to estimate in selection

markets (see step 1).

By assuming that semi-elasticities are borrower-specific parameters (σi), I avoid estimat-

ing demand elasticities using choice data as in for instance Crawford, Pavanini, and Schivardi

(2018).20 The constant semi-elasticity assumption can be justified in two ways. First, it arises

naturally in the symmetric equilibrium model (the semi-elasticity is 1
σp1´

ni
B

q
which are param-

eters in my model). Second, it can be interpreted as lenders considering the local borrowers’

semi-elasticity as an approximation when setting contract terms.

Alternative to Steps 2 and 3.

Instead of estimating the demand parameters and the demand elasticity separately, one can

19. In the model described in Appendix H, the model features a corner solution for monthly payments so
borrowers max out their maximum monthly payment capacity.
20. Similarly to the default elasticities, demand elasticities are problematic to estimate when there is a

selection of unobservables, even with credit register type of data. This is because the econometrician only
observes the contract chosen and thus has to estimate the contract offered by competitors using observational
equivalent borrowers.
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run a linear regression based on the pricing equation (16). The variation in the loan size allows

the recovery of the marginal cost (mc), and the variation in information rents identifies the

demand semi-elasticity (σ). I illustrate this approach and discuss the exclusion restrictions

in the empirical application (section 7).

6.2 Second Case: Credit Register Data

When data on menus are unavailable, one has to predict the menus using observational

equivalent borrowers (see, for instance, Crawford, Pavanini, and Schivardi 2018).

In the context of my model, I need a parameterization flexible enough to feature random

coefficients and separate choices of lender (i.e., competition) and contracts (i.e., screening).

Using a nested logit with random coefficient is not empirically tractable. As a result, I propose

to estimate the pricing schedule for each borrower and characteristics at the lender level and

use it to recover the willingness to pay (θ) as in step 2. Then use a logit model with linear

utilities to recover the demand elasticity using choice data. A standard parameterization of

the utility is: u˚
i,b `µb `σεib, with εib, with u˚

i,b estimated from step 2, µb being a bank fixed

effect and εib being extreme value distributed. This procedure is similar to the nested logit

approach with random coefficients but is more flexible and tractable.

Alternatively, once can use the approach developed in the section called ”Alternative to

Steps 2 and 3” and implemented in the empirical section of the paper. This approach has

the advantage compared to the logit model that one does not have to take a stand on the

choice set available to the borrower.

7 Empirical Application

To illustrate how to bring the model to the data, I provide an empirical application using

data from a key paper on screening in credit markets: Hertzberg, Liberman, and Paravisini

(2018).
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7.1 Data and Setting

The data concerns 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 the information observed by lenders at the time of origination. The menu offered,

borrowers’ choice, 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 that period. 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 selecting a loan amount

or maturity, LC assigns one of 25 risk categories to them using a proprietary credit risk

assessment 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 get offered the same menu. They can chose how much to borrow and

chose 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.

Figure 7 plots the menu available to a borrower categorised as C1 in February 2013.

Model set-up: Hertzberg, Liberman, and Paravisini (2018) shows that LC can screen

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

payments, maturity and loan size. I use a flexible model that allows for moral hazard and

adverse selection: default probabilities depend on borrower characteristics and monthly pay-

ments. I also allow for an arbitrary number of types.21 Maturity plays the same role as

interest rate in the baseline model. I derive the pricing equation by taking the first-order

21. 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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conditions with respect to maturity. Appendix R derives sufficient conditions for the model

to match the menu patterns (i.e., fixed interest rates conditional on the risk category, and a

continuum of loan size offered).

Figure 7: Maturity as a function of loan size (investment grade C1 in February 2013)

7.2 Identification and Estimation

I apply the approach discussed in section 6.1. Given the variation in menus generated by

risk categories, I can use only step 1 and a generalized version of step 3 to recover the key

model parameters. Nonetheless, I present the results of step 2 at the end of the section to

show how they can be used to get 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

probability on long and short-maturity conditional on the borrower’s investment grade and
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the monthly payment-to-income ratio (Denoted PIi). I run the following regression:

1 ´ Defaulti “ δgti ` β
Montly Paymenti

Incomei
` βM1tTi“60 Monthu ` ei (25)

Defaulti is a dummy equal to 1 if the loan is reported as charged off after the loan should

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

indexes the grade and t the time. Montly Paymenti
Incomei

is the monthly payment to yearly income

ratio. I normalize the standard deviation to one. βM is the coefficient of interest. This

coefficient captures whether high default borrower self-selects into different loans.

Denoting λi the hazard rate, I can recover the model parameter (αi « λi) as the hazard

rate using a linear approximation of equation (20) with:

λi :“ ´
logpEr1 ´ Defaulti|gi, Ti,

Montly Paymenti
Incomei

sq

Ti
(26)

Marginal costs, Demand elasticities, asymmetric information premium and

discounts (Generalized Step 3):

Figure 8: Decomposition of the present value of the average loan (normalized by loan size)

I use the optimal pricing condition (16) to recover the marginal cost, the asymmetric
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information premium and discounts and the demand elasticity.

Instead of inverting the equation like suggested in section (6), I leverage the variation in

the relative market share of the contracts for each investment grade. I do so because I do

not observe the marginal cost.

In practice, I run the following two linear regressions. For the high maturity contract,

regress the present value of the loan on loan size, a constant, and the relative contract

shares (n36

n60
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 parametrize the

principal of the loan R as a linear approximation of the continuous time annuity formula

(ρR :“ M r1´eρT s « ρmT where m is the monthly payment T is the maturity so that αMρT

is the approximate loan present value). All coefficients on the right and side should thus be

interpreted as divided by ρ. 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:

Present V alue
hkkkkkkkkkkikkkkkkkkkkj

Erαi|gi, Ti “ 60sRi “

Break even
hkkikkj

mcTi
 Li `

“mark up”
hkkikkj

σTi
`

Information rent: ´σTi

n36g
n60g

IRg

hkkikkj

β
n36g

n60g

`ei (27)

Erαi|gi, Ti “ 36sRi
loooooooooomoooooooooon

Present value

“ mcTi
 Li

loomoon

Break even

` α̃
loomoon

Total markup: σTi
p1`IRgq

`ei (28)

pmcTi
, σTi

, β, αq are the parameters to estimate. I interpret them through the lens of

the structural model with linear preferences, and demand semi-elasticities being borrower

specific parameters. Abusing the notation, I denote σ the inverse demand semi-elasticity

with respect to the loan present value. For concision, I refer to it in this section as the

demand sensitivities.

The error term ei captures the heterogeneity in demand sensitivities (σi ´ Erσis) and

information rent (IRgσi ´ErIRiσis where IRg :“

θ36g
α36g

´mcT

θ60g´θ36g
). I allow for the marginal cost to

vary at the contract-month level, so it is unlikely that the error term contains heterogeneity
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in costs.

The coefficient β is the information rent σ60IR. I recover ÎR as β̂
σ̂60

.

The coefficient α̃ captures the perfect information markup and the asymmetric informa-

tion premium σ36r1 ` IRs. I recover σ̂36 as α̃

1`ÎR
.

Equations (27) and (28) come from the theoretical model first order condition. Conse-

quently, they should thus not be interpreted as capturing the causal impact of contract term

on the loan present value. However, the use of first order condition as moment does not

imply that exclusion restrictions are irrelevant. Indeed, allowing for the error terms to come

from borrower unobservable heterogeneity implies some exclusion restrictions, discussed in

the next two paragraphs.

The variation in relative market shares across investment grades allows us to identify β.

The identifying assumption is that the relative market share variations (n36g

n60g
) are uncorre-

lated with preference heterogeneity θ60g ´ θ36g and uncorrelated with the average demand

sensitivity σB of borrowers choosing 60-month maturity contracts. As the investment grade

goal is to predict default (i.e., the borrower cost), not demand sensitivities, this assumption

is plausible. Notice that, according to the model, we recover the (inverse) demand semi-

elasticity with respect to the loan present value (σ). This is less problematic that recovering

the the sensitivity to interest rate: The argument that the exclusion restrictions are not sat-

isfied because high default borrowers are less sensitive to interest rate changes because they

expect to repay it less often is thus not a concern here.

The variation in loan size within a group allows for recovery of the marginal cost mc. Con-

ditional on the market segment, the loan size variation should be uncorrelated with deviation

from the average demand elasticities σTi
(i.e., search costs). To mitigate the endogeneity of

concerts, I use a granular instrument approach. That is, I instrument loan size using the

residual from a loan size regression controlling for contract characteristics and observable

borrowers’ characteristics. The underlying assumption is that the search cost heterogeneity

is uncorrelated with the residual demand. The results are very similar with and without
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the instrument. This is likely because the variation in loan size are uncorrelated with lender

choices. This is expected if, for instance, all lenders would offer the same borrower similar

loan size.

Although not exploited in this empirical application, the linearity of the model allows

the use of the full set of tools developed in the reduced-form literature, such as difference in

difference. This is one main advantage of this model compared to a theory-oriented framework

such as 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 the 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, putting some structure is however necessary.

7.3 Results

Table 1 reports the regression results of the default regressions. The average default proba-

bility is 15 percent. Borrowers that chose high maturity contracts are α is 4% more likely to

see their loan charged off. The implied average hazard rate is 4¨10´3 and the one of borrowers

with high maturity contract is 2.7 ¨ 10´3. The hazard rate allows taking into account the fact

that with constant default probabilities, longer loan are more likely to be charged-off.

The results of the present value regressions are reported in Tables 2 and 3. All coeffi-

cients are significant and have the sign predicted by the theory. Figure (8) provides a visual

decomposition 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 instead of 1.2).

Borrowers that 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 searching costs are very low in the online lending market (as in Agarwal, Grigsby,

Hortaçsu, Matvos, Seru, and Yao 2024). Borrowers that self-select into high-maturity con-

tracts are more likely to default (from step 1). They are less price elastic. Their perfect
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information markup would be 0.2 dollars per dollar borrowed. However, because of adverse

selection they get an information rent that cancels this markup.

Overall, Due to screening, the price are close the the perfect competition perfect infor-

mation case. However, low-default borrowers 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 framework described in section 5.3.

Sufficient Statistic. Using proposition 4, I find that: n36g

n60g
I “ 1.32 ą Erθi|gi, Ti “

60s “ 0.99. This result implies that there is excessive screening. Due to the contractual

externality, low default borrowers get 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 improve-

ment. 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: To test if the inequality constraint assumption

delivers reasonable results, I implement step 2 of section 6. I use equation (21) 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 consider 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 off high-maturity borrowers. I use the 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 marginal utility of loan size (α „ G)
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does not change with investment grades.

This result also implies that increasing the marginal cost of originating low-maturity

contracts can lead to higher maturities being offered and lower levels of credit rationing. It

is a welfare-improving policy.

Figure 9: Borrowers’ willingness to pay (all market segment pooled)

Figure (9) 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 borrower in period 0, a borrower is willing to pay up to 1.5 dollars in period 2.
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8 Conclusion

This paper develops and analyses the properties of a new screening framework that can be

brought to the data to study the contract term distortions that stem from screening.

The paper carefully analyses the existence of equilibrium, one of the central theoretical

issues of screening models. I show that the equilibrium always exists and characterize it in

closed form.

The paper then brings the model to the data. The model’s tractability allows for discus-

sion of exclusion restriction and provides a structural interpretation of a linear regression of

prices on quantity. I propose an approach 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 opens the way to study a wide set of counterfactuals with

endogenous menus of contracts. Existing models with endogenous menus, such as Wollmann

(2018), use numerical methods that are computationally demanding and are often not robust

to the starting point.

48



References
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A Figures

Figure 10: Perfect competition case: De-
viation from pooling always exists

Figure 11: Perfect competition case: De-
viation from screening always when the
share of good borrower is high

B 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

Note: Coefficients are reported in percent. Standard errors are in parentheses. ***p ă 0.01, **p ă

0.05, *p ă 0.1
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Table 2: Present value regression (60-month maturity)

Present Value

Intercept 4e3˚˚˚

(1.5e2q
Loan Size 1.5˚˚˚

(5.5e´3q

Market share ratio -9.3 e3˚˚˚

(1.3e2q

Average present value 34,438
R2 0.98

Note: Coefficients are reported in percent. Standard errors are in parentheses. ***p ă 0.01, **p ă

0.05, *p ă 0.1

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

Present Value

Intercept 82˚˚

(25.4)
Loan Size 1.2˚˚˚

(1.5e´3q

Average present value 16,940
R2 0.98

Note: Coefficients are reported in percent. Standard errors are in parentheses. ***p ă 0.01, **p ă

0.05, *p ă 0.1

C Proofs

Proof Lemma 1: Starting from V puipXc, Rcq, σ
´1
i ϵjbq “ fpuipXc, Rcqq ¨ gpσ´1

i ϵjbq, the

condition to induce borrower to chose contract c over c̃ is: fpuipXc, Rcqq ¨ gpσ´1
i ϵjbq ě

fpuipXc̃, Rc̃qq ¨ gpσ´1
i ϵjbq which in independent of gpσ´1

i ϵjbq. A similar argument can be

made for additive separability. The lender can thus only recover θi using contract terms.

The expected the demand function Erbij|θis with bij defined in eq. (4) is thus independent

of the demand shocks.
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C.1 Proofs Existence and Uniqueness

We use the following change of variable:

u :“ vpX; θq ´ F pRq ðñ R “ F´1
pvpX; θq ´ uq. (29)

The bank’s objective function for a particular borrower type is thus:

ΠpXi, uiq :“ DpuiqπpXi, uiq (30)

with πpXi, uiq :“ PV pdi, Xi, uiq ´ mcpXi, uiq. (31)

and D : is a continuous demand function (32)

The borrower incentive compatibility constraints can be rewritten:

gpui, uj, Xiq :“ ui ´ ruj ` ∆vpXj;WTPijqs ě 0 (33)

The subscript i denotes the borrower type and contract designed for that type. ∆vpXj; θijq :“

vpXj; θiq ´ vpXj; θjq.

C.1.1 Optima: Proof of Lemma 1 for Concave Demand

We use the Karush–Kuhn–Tucker conditions to show that the first-order conditions are nec-

essary and sufficient for a global maximum. We need (i) g functions defined in equation (33)

to be concave and (ii) the objective function (Π) defined in equation (30) to be concave.

(i): Denoting (X:= pxcqc) and assuming that F pXq “
ř

c fpxcq, where f is a one-to-one

mapping, we denote Zc :“ fpXcq so that SpZq :“
ř

c Zc ´ mcppf´1pZcqqcq.

(ii): We use the fact that the sum of two concave functions is concave and that concavity

is preserved by log. The objective function is thus concave when logpDpuqq ` logpSpXq ´ uq

is concave. Sufficient conditions are that Dpuq and SpZq are concave.

Using (i) and (ii), we have that SpZq increasing and concave is a sufficient condition.
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Examples: The functions ϕpuq :“ eσlnpuq

A`eσlnpuq , A P R` and SpXq “
ř

c αcXc ´ mcXc

defined on r0, X̄cs
C with C is the cardinality of the vector X, satisfy this property.

C.1.2 Existence of the Equilibrium

The Lagrangian is:

L :“
ÿ

iPΓ

DpθiuibqrSibpXq ´ θiuis `
ÿ

ij

λijtuib ´ ujb ´ ∆ijvpXjqu (34)

Dropping the b index for notational convenience, the first-order conditions are:

θitD
1
irSpXq ´ θiuis ´ Diu “

ÿ

j

tλji ´ λiju (35)

DipθuiqS
1
pXq “

ÿ

j

λji∆θijv
1
pXq (36)

λijtuib ´ ujb ´ ∆ijvpXjqu “ 0 (37)

I use Brouwer fixed-point theorem with the function ψ :“ pψbpUqqb with U :“ puibqb and

ψbpUq :“ SbpX
˚pUqq ´

Db
i pUq`

ř

ijtλjipUq´λijpUqu

θ2iD
b
i pUq

where X˚pUq and λpUq are recovered using

equations (36) and (37). When the objective and constraints are continuous in a compact

space, the functions X˚pUq and λpUq are continuous.

C.1.3 Proof with Linear Logit Demand

TO DO: EXTEND THE PROOF WHEN F(X)=
ř

FcpXcq.

For the lender’s maximization problem to be well-behaved, the Hessian matrix of ΠpL, uq

needs to be negative definite. Using Sylverster’s criterion, we need to show that the leading

principal minors of the Hessian matrix of ´ΠpL, uq have positive determinants:

The conditions to be satisfied are

57



Bu2Φ “ Φuuπ ` 2Φuπu ă 0 and ΦπLL ¨ Bu2pΦπq ´ 2BuLpΦπq ą 0 (38)

ðñπtp1 ´ 2ϕqu ă
2

σ
(39)

and WTP ¨ FLL ¨ rσπp1 ´ 2Φq ´ 2s ´ σp1 ´ ΦqrWTP ¨ FL ´ mcs2 ą 0 (40)

We separate the case in which competition is low enough (a) from the one in which com-

petition 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 πtp1 ´ 2ϕqu ă tWTP ¨ F pL̄q ´ mc ¨ L̄ ´ uup1 ´ 2ϕq ă WTP ¨ F pL̄q ´ mcL̄ ´ ū ă

WTP ¨F pL̄q ´mcL̄ . Where F̄ pL̄q is the loan size that maximizes the social surplus. For the

last inequality, we use the fact that utilities cannot be negative because of a participation

constraint pi.e., u ě 0q. The inequality implies that there exists a level of competition

σ ă σ̄ :“ 1
WTPF pL̄q´mc¨L̄´2

such that condition (39) is satisfied.

Similarly, equation (40) can be written:

´WTPFLLr2 ´ σπp1 ´ 2ϕqs ą σp1 ´ ϕqrWTPFL ´ mcs2 ą 0 (41)

ùñ ´FLLpLq ą
σĀ

2 ´ σrWTPF pL̄q ´ mcL̄s
ą 0, @L P r0, L̃s (42)

Condition (42) is derived assuming that F in increasing and denoting: WTPFL ´ mc ă

Ā :“ maxtrFLp0q ´mcs, rFLpL̃q ´mcsu, @L P r0, L̃s and p1 ´ ϕq ě 1. Condition (42) is thus

satisfied when the utility function F is increasing and sufficiently concave.

When condition (42) is satisfied for all σ ă σ̄, the equilibrium is unique and exists.

Condition when competition is high:

58



Because of the participation constraint, individual profits are bounded by c :“ rWTP ¨

F pL̄q ´ mcL̄. Then we have:

BuΠpuq ă BuΦc ùñ π ă c `
1

σp1 ´ ϕq
. (43)

If there is a capacity constraint k, then

π ă c `
1

σp1 ´ kq
. (44)

The market share is bounded by one, so that (p1 ´ 2ϕq ă 1).

We thus have πtp1 ´ 2ϕqu ă 1
σp1´kq

` c ă 2
σ

´ ε with ε ą 0 .

Hence, k should be lower than 1´cσ
2´cσ

; this is decreasing for σ large enough, so we have

k ă 1
2
.

Replacing the bound in equation (40), we have:

´WTPFLL ą
rWTPFL ´ mcs2

ε
ą 0 (45)

Similarly to case (a), this expression is satisfied when F is increasing and sufficiently concave.

Intuition: Why the Capacity Constraint Works

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

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

∆ū

∆u
¨

Φpūqp1 ´ Φpūqq

Φpuqp1 ´ Φpuqq
(46)

ùñ
un ´ uo ` pW̄TP

θ̄
´ WTP

θ
qL

un ´ uo
¨
n̄

n

p1 ´ n̄q

p1 ´ nq
(47)

ùñ
n̄

n
ă
un ´ uo ` pW̄TP

θ̄
´ WTP

θ
qL

un ´ uo
¨
n̄

n
ă

un ´ uo `

ą0
hkkkkkkkkkkkikkkkkkkkkkkj

p
W̄TP

θ̄
´
WTP

θ
qL

un ´ uo
¨
n̄

n

p1 ´ n̄q

p1 ´ nq
(48)
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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:

nG

nB

IRB :“
nGθG
nBθB

WTPG ´ mc
θG

WTPB ´ WTPG

ą 1 (49)

Equilibrium LG amount:

LG “ δrL̄ `
1

σ
δ̃

1

WTPB ´ WTPG

p1 `
θGnG

θBnB

qs “ δrL̄ `
1

σ

δ̃

WTPB ´ WTPG

`
IR

σrWTPB ´ mc
θB

s
qs ă L̄ for σ high enough

(50)

with: δ :“
WTPB´mc

θB

WTPB´mc
θG

is the strength of the AS problem. δ̃ :“
WTPG´mc

θG

WTPB´mc
θB

is the relative profit

measure.

When σ “ 2
ABL̄

, IR “ 1`:

LG “ δr1 `
δ̃

WTPB ´ WTPG

AB

2
`

1`

2
qs ă L̄ For WTPB ´ WTPG large enough or AB low enough (this imposes a condition on nG and nB)

(51)

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 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.

C.2 Proof Theorem 2

(i)

(ii) Denoting the lagrange multiplier by λij writing the first order conditions of problem

12, we get that:
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αiRi “ mcpXq `
Di `

ř

jrλij ´ λjis

D1
i

(52)

DiS
1
pXiq “

ÿ

j

rλjiv
1
pXiqs ùñ 0 ď

ÿ

j

λji ď
DiS

1pXiq

minjt∆ijv1pXjqu
(53)

Using the bound, when D1
i Ñ 8, and DB̄ : S 1pXiq ă B̄@X and v1pXjq ‰ 0 @X, we must have

the lender price each borrower at marginal costs.

D Model for the positive analysis

I consider two contract characteristics (loan size L and the loan present value R) and two

borrowers (G and B). B has a higher willingness to pay θ and a higher default probability

d. Demand shocks are additive and extreme value distributed so that the demand has a

logit form. In that case, I use a capacity constraint to ensure the concavity of the demand.

Utilities are linear in contract terms. The banks all have the same marginal cost of lending,

which is a picewise linear function. I assume the following technical conditions:

mcpLq :“

$

’

’

’

’

’

’

&

’

’

’

’

’

’

%

mc if L P r0, Lq

mc ¨ L ` m̄c ¨ L if L P pL, L̄q

8 Otherwise

(54)

with 0 ă mc ă m̄c, and θB ą
m̄c

αB

,
m̄c

αG

ą θG ą
mc

αG

(55)

The conditions ensure that the marginal cost of lending is always different for the two con-

tracts, which is required for our second result.
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E Model with CES demand function

Example: Perfect information equilibrium contracts. Let us consider the case in

which demands have a logit form as in equation (6) and lenders are homogeneous. The

unique symmetric equilibrium is characterized by:

XPI
i : BXSibpX

PI
i q “ 0 (56)

θiRi “ mcpXPI
i q `

ε´1
ib

1 ` ε´1
ib

SibpX
PI
i q (57)

Where εib :“ σip1 ´ Dibq is the semi-elasticity with respect to the utility (uib :“ θiũib).

When normalizing the outside option of not borrowing to zero, Dib “ 1
B

so the semi-elasticity

is equal to σip1 ´ 1
B

q in a symmetric equilibrium.

Equation (56) gives the optimal contract characteristics, and equation (57) gives the equi-

librium pricing as a function of contract characteristics. When the parameter driving the

demand elasticity tends to infinity (i.e. when σ Ñ 8), lenders price at marginal costs mcpXiq

θi
.

When demand elasticity decreases, the markup increases.

Example: Imperfect information equilibrium contracts. When dimpθiq “ 1, the

demand has a logit form as in equation (6) and lenders are homogeneous, there is a unique

symmetric equilibrium. To simplify the equilibrium expressions, let us assume that utilities

are linear and marginal costs is piecewise linear such that BXuipX,Rq “ αiθi ą BXmcpXq “

mc on r0, X̄s. In that case, R is linear in X (i.e., R “ rX), and the equilibrium contrast are

characterized by:

Contract Terms : Xi “

$

’

’

&

’

’

%

X̄, if i “ I

Xi`1
θi`1´ri`1

θi`1´ri
, Otherwise

(58)

Pricing : θiri “ mc `
ε´1
ib p1 ` IRiq

1 ` ε´1
ib p1 ` IRiq

rθiαi ´ mcs (59)
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With IRi :“ θ´1
i r

αiθi´mc
∆θi`1,i

1i‰I ´
ni´1

ni

αi´1θi´1´mc
∆θi,i´1

1i‰0s and εib :“ σip1 ´ 1
B

q.

F Extension: Loan-to-value fees, Maturity, and Collat-

eral

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

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

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

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

ui “ rδθ ` 1sF pL ` Dq ` upA ´ D ´ fq ´ δθupW ´ Rq (60)

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

(1) can thus also be interpreted as loan-to-value.

Maturity: The full model with maturity is presented in Appendix H. 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
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ui “
F pL ` Dq ´ θCr1 ´ e´ρT s

ρ
´ D ´ f. (61)

F pLq

ρ
is the present value of the loan. C

ρ
r1 ´ e´ρT s is the present value of the debt for

borrowers. ρ is the discount rate. θ is the per-period survival probability. T is the maturity.

θC :“ θr` p1 ´ θqrγK ` ∆s is the expected per period loan cost for borrowers, with r as the

monthly payment, γK the collateral value, and ∆ 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 con-

tinuous time. Lenders offer differentiated loan products and maximize their expected profits.

I show in Appendix H 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 monetary 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.

Collateral: Appendix J 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 J).

Papoutsi, Paravisini, Rappoport, and Taburet (2024) show that empirically, this assumption

holds in the market for corporate loans.
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G Intuition credit rationing

Figure (12) summarizes the model equilibrium under perfect information when utilities and

marginal costs are linear, and the feasible set is L P r0, L̄s.

I consider two borrowers (G and B). B has a higher θ and a higher default probability.

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 P R`).

Figure 12: Equilibrium contracts under perfect information

In that set-up, the perfect information contract and 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 13).

Thus, under imperfect information, banks must distort the first best contracts to main-

tain 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 14 and 15 give a visual

representation of how incentives are maintained using each of these margins.

I analyse in the bulk of the paper which market segment/contract characteristic lender

distort. I 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
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Figure 13: First best contracts are not incentive compatible

Figure 14: Tool 1 to maintain IC: Use
credit rationing

Figure 15: Tool 2 to maintain IC: Use in-
terest rates

can offer a contract that steals only the most profitable customers by offering a contract in the

dashed region of Figure 14. 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.

H Model with Maturity

H.1 Borrower

A borrower derives utility F pzq during the time interval ∆t. With probability p1 ´ θ∆tq

the borrower can repay the monthly loan payment rL during that period. With probability
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p1 ´ θq∆t, the borrower defaults and loses collateral cK.

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

Ṽ ptq when he defaults, denoting the discount factor by ρ, the value function is

V ptq “ F pzq∆t `
∆tλptq

1 ` ρ∆t
trṼ pt ` ∆tq ´ cKsu `

1 ´ λptq∆t

1 ` ρ∆t
rV pt ` ∆tq ´ rLs. (62)

Assuming constant default probability, constant hazard rate λ and outside option, tak-

ing the limit when ∆t Ñ 0 and using the boundary condition V pT q “ V̄ pLq “ V pT q “

F pLq
ş8

0
e´ρtdt “ 1

ρ
F pLq and using the discount factor ρ for the period below the maturity,

we get for t ă T :

V “
F pLq

ρ
e´ρT

`
F pLq ´ R

ρ
r1 ´ e´ρT

s (63)

F pLq

ρ
is the present value of lending. e´ρT is the probability of survival until maturity

times the discount rate. R :“ θrL` θrcK ` ∆V s is the expected per period cost of the loan

for borrowers.

I parameterize Ṽ “ V ´ δ so that ∆V is a constant equal to δ. This implies that lenders

expect next-period value functions Ṽ pt`∆tq and V pt`∆tq to satisfy an equilibrium condition

Ṽ “ V ´ δ. This can be interpreted as borrowers who renegotiate the debt upon default and

get their previous value function minus some amount δ.

H.2 Lender

Each lender maximizes expected profits:
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max
tr,L,K,T u

ΦpV ptqqt
p1 ´ λqrL ` λcK

ρ
r1 ´ e´ρpT´tq

s ´ mcLu (64)

Using equation (61) to express the problem in terms of promised utility yields

max
tV,K,T,Lu

ΦpV qt
F pLq

ρ
´ V ´ λ

∆V

ρ
r1 ´ e´ρpT´tq

s ´ mcLu (65)

So, lenders want to minimize borrowers’ default to prevent borrowers from paying the

cost of defaulting ∆V . 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 W ), then the lender sets rL to W and extracts

surplus using the interest rate rather than maturities.

I 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:22

β1
pL,Xq ´ θR (66)

where R is the present value of the loan and X a set of characteristics such as fees or financial

advice, and β is a vector of preferences.

22. Interaction terms are possible, since β1L ` β2L ¨ C “ β1L ` β2X.
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Using the fact that R “ WTP pL,Xq ´ u, the lender problem is thus

max
tui,Xi,Liu

ÿ

i

Nipθiuiqrβ1
pLi, Xiq ´ θiui ´ mcpX,Lqs (67)

s.t. ui ě uj ` pWTPi ´ WTPjq
1
pXj, Ljq

I.1 Many borrower types, unidimensional case

Let us consider x borrower types. I denote them with the index i P N ˚, with WTPi ą

WTPj, @i ă j. The incentive compatibility constraints can be written as a set of IC and a

monotonicity constraint:

pICsq : u1 ě u2 ` ∆WTP1L2 ě u3 ` ∆WTP2L3... ě ux ` ∆WTPx´1Lx (68)

pMsq : Li ě Lj, @i ą j (69)

∆WTPi :“ WTPi ´ WTPi`1

Let us focus on a situation in which competition is high so that we have an interior

solution (i.e., Li ă L̄, @i ą 1). At equilibrium, the optimal contract is

L1 “ L̄ (70)

Li´1 ´ Li “
Ri´1 ´ Ri

WTPi´1

P r0, L̄s, i ą 1 (71)

Ri “
mcLi

θi
`

1

σiθi
tr1 `

1

ni

αi ´ mc

∆WTPi

1ią1s ´ r
1

ni´1

αi`1 ´ mc

∆WTPi`1

s1iăxu (72)

I.2 Many borrower types, multidimensional case

Let us denote Xi a vector of non-interest-rate characteristics of the contract designed for

borrower i. The incentive compatibility constraints are
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pICsq : u1 ě u2 ` ∆WTP1pL2, X2q ě u3 ` ∆WTP2pL3, X3q... ě ux ` ∆WTPx´1pLx, Xxq

(73)

pMsq : WTPijLi, Xiq ě WTPijpLj, Xjq, @i ą j (74)

∆WTPij :“ WTPi ´ WTPj

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 charac-

teristic 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 J discusses the necessary conditions for collateralized debt to be the optimal

contract.

I.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:

θi “ δi `
βi
Ri

(75)

Where δi and βi are borrower-specific parameters. βi drives moral hazard or burden of

payment and δi is the adverse selection. Ri is the monthly payment.
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J Conditions for Collateralized Debt to Be the Optimal

Contract

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,23 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 (W̃ ) and choose whether to

file for default or not. Borrowers default when they cannot repay ( i.e., δH ` W ´ R ă 0)

or when it’s better for them to strategically default (i.e., H ` upW ´ Rq ă upK ` W q or

upδH ´ R ` W q ă upK ` W q. 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 δH ´ R so that all

inequalities are satisfied. In my model, since borrowers value cash more than upon default

than banks (α ą 1), the constraint is binding K “ δH ´ R. Notice that the bank wants to

prevent strategic default when the borrower is in negative equity (δH ă R), so it punishes

23. Or it is costly to do so.
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the the borrower by seizing more than the house ( i.e. K “ δH ´ R can be negative).

K Lemmas

Proofs of Lemmas 1 and 2: The two ICCs can be written pWTPB ´WTPGq1LB ě uB ´uG ě

pWTPB ´ WTPGq1LG. or ICB : pWTPB ´ WTPGq1LB ě uB ´ uG and MC : LB ě LG.

When LB “ LG, as in the FB, this implies that ūB ´ uG “ pWTPB ´ WTPGq1L̄, which is

the case when RG “ RB. This implies that both IC constraints are binding. If LB ą LG,

pWTPB ´ WTPGq1LB ě uB ´ uG must be binding.

Assuming that the constraint (MC) is not binding and solving for problem 67, we notice

that pICBq does not depend on LB. Thus LB “ L̄.

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 (LB ă L̄), there is a Pareto improvement

that leads to either more profits in the B market segment or relaxes the IC constraint. For

instance, increasing LB up to L̄ and increasing the interest rate by WTPBpLB ´ L̄q 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 comparative statics by varying the competition level.

L Proof of Results

Result 2: (i)
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Bθ´1
G
LG ă 0 ðñ mcLG ă

1

σ
r´Bθ´1

G
CS ´ Bθ´1

G
MCs (76)

ðñmcσ
pWTPB ´ mc

θB
qL̄

WTPB ´ mc
θG

ă r ´BCS
loomoon

cross´subsidy channel

´

perfect competition channel
hkkkkkkkkikkkkkkkkj

mc
CS

WTPB ´ mc
θG

´ BMU
loomoon

competition channel

´

perfect competition channel
hkkkkkkkkikkkkkkkkj

mc
MU

WTPB ´ mc
θG

s

(77)

´BMU ´ mc MU
WTPB´mc

θG

is negative. ´BCS is positive ´mc CS
WTPB´mc

θG

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., σ :“ σBθB “ σGθG), so the competition channel is absent. In that case, we

have

BCS

CS
“ ´

WTPB

WTPB ´ WTPG

(78)

ùñ
BCS

CS
´

mc

WTPB ´ mc
θG

ě 0 ðñ
1

1 ` θ´1
G ´

WTPG

WTPB

ě
mc

WTPB

(79)

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

a negative impact when competition is high if WTPB

1`θ´1
G ´

WTPG
WTPB

ě mc.

The right-hand side captures the perfect competition channel. When the marginal costs

are high, changes in survival probabilities have a high impact on the perfect competition

spread between rates. When WTPB 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

between preferences is high (WTPG

WTPB
) or the survival probability of the low-default borrower is

low (θG), the cross-subsidy channel is low. This renders the channel less likely to dominate

the marginal cost effect.
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(ii)

BθBLG ą 0 ðñ 0 ă
mc

θG
LG `

1

σ
tBθBCS ` BθBMCu (80)

We have: Bθ´1
B

pθBMCq ą 0 Bθ´1
B

pθBCSq ă 0. To focus on the cross-subsidy channel, let us

consider that borrowers have the same elasticity (i.e., σ :“ σBθB “ σGθG), so the competition

channel is absent. In that case, we have

BθBCS

CS
“ ´

WTPB

WTPB ´ WTPG

1

θB
(81)

ùñ ´
BθBCS

CS
´
mc

θG

1

WTPB ´ mc
θG

ą 0 ðñ
WTPB

1 ` 1
θB

´
WTPG

WTPB

θG
θB

ě
mc

WTPB

(82)

Result 3: (i) BαLG ą 0 ðñ LG ă L̄ `
mc

α2

1

σ

α

WTPB ´ WTPG

r
θB
θG

`
nB

nG

s
looooooooooooooooooooomooooooooooooooooooooon

ą0

(ii) BαG
LG ą 0 ðñ

αG

θB
LG ă 1

σ
CS ùñ σ̄α :“

CSr mc
αG

´1s´MU

PC
, with PC :“ SBL̄

Result 4: (i) BmcLG ą 0 ðñ 1
θG
LG ´ 1

θB
L̄ ´ 1

θG

CS
SG

ą 0 σmc :“
CSr

SBG
SG

´1s´MU

PC´
θG
θB

L̄¨SBG

ă 0 if

CSr
SBG

SG
´ 1s ´ MU ą 0 with SBG :“ WTPB ´

mcG
θG

and SG :“ WTPG ´
mcG
θG

.

(ii) BmcGLG ą 0 ðñ 1
θG
LG ´ 1

θGσ
CS
SG

ą 0 so σmcG :“
CSr

SBG
SG

´1s´MU

PC
with SBG :“ WTPB ´

mcG
θG

and SG :“ WTPG ´
mcG
θG

.

(iii) BmcBLG ă 0 ðñ
´ L̄

θB

WTPB´
θG

mcG

ă 0 which always holds.

M Proof of Propositions

Proposition 4 BδLG “

mc2
pθB`δBq2

WTPB ´ mc2
θG

L90

looooooooomooooooooon

“perfect competition” effect

´ IRB
1

θB ` δB
loooooomoooooon

“monopoly” competition effect

Proof (ii): ui “ SpLiq ´ 1
σ

´ IRG1i“G ` IRB1i“B. For G borrowers, SpLGq increases when
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LG increases. In the other market segment, BδuB “ ´BδRB “ 1
θB`δB

r
mcL95

θB ` δB
looomooon

fair price

´ IRB
loomoon

Information rent

s

N 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 (σ :“ σGp1 ´
nG

B
q “ σBp1 ´

nB

B
)).

The key point of those policies is that they are designed differently for each specific

product. 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 T̄ :

mcpXq “ mc1 ` 1XąT̄ pmc2 ´ mc1q (83)

Borrowers have preferences such that

WTPG ě
mc1
θG

, WTPG ă
mc1
θG

(84)

WTPB ą
mc2
θB

, WTPB ě
mc2
θB

(85)

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

ordering.
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N.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

mcc “ mc ´ ωl 1

LTV
1LTV ă ¯LTV ´ pωh

´ ωl
q

1

LTV
1LTV ě ¯LTV (86)

with ω 1
LTV

being the capital requirements and ω capturing how the capital requirements vary

with the loan leverage. A positive ωl (or ωh) implies that capital requirements are increasing

in 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 F)24 This assumption

does not impact the results.

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

24. That is, 1
ϵ ă mc

θ so that the optimal contract features screening on loan size and a maximum amount
of deposit D.
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LG “

perfect competition distortion level
hkkkkkkkkkikkkkkkkkkj

1

SBG

rSBpL̄ ´ Dq ` p
1

σGθG
´

1

σBθB
q

loooooooomoooooooon

competition channel

`

cross´subsidy channel
hkkkkkkkkikkkkkkkkj

IG
σGθG

`
|IB|

σBθB
q (87)

SBG :“ WTPB ´
mc ` ωG

θG
(88)

Si :“ WTPi ´
mc ` ωi

θi
, i P tG,Bu (89)

IB :“ ´
nG

nB

Benefit of pooling: More surplus
hkkkkkkkikkkkkkkj

αG ´ mc ´ ωG

WTPB ´ WTPG
looooooooomooooooooon

Cost of pooling: Information rent

ą 0 (90)

´ IG :“
αG ´ mc ´ ωG

WTPB ´ WTPG

ą 0 (91)

O More Comparative statics

Result 2: Default probabilities (Adverse Selection). An increase in adverse selection,

measured as the survival probability spread ( θG
θB
), has different effects depending on whether

the changes come from default probability in the B or G market segment.

(i) An increase in θG
θB

caused by a decrease in G default probability increases credit ra-

tioning under high competition levels. Under low competition levels, it relaxes credit ra-

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

competition chanel. When demand elasticities are the same (i.e., σ :“ σBθB “ σGθG), so

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

1

1`θ´1
G ´

WTPG
WTPB

ě mc
WTPB

. The competition switching point is σ “
CSpεCS´mcq

mc¨LPC , where LPC is the

perfect competition loan size and ε is the cross-subsidy semi-elasticity to θ´1
G .

(ii) An increase in θG
θB

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-
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nel. When demand elasticities are the same (i.e., σ :“ σBθB “ σGθG), so that the competition

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

1` 1
θB

´
WTPG
WTPB

θG
θB

ě mc
WTPB

.

Proof: See Appendix L.

Three forces are at play. To illustrate, let us consider a situation in which the default

probability 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 op-

posite 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 WTPi “
αi

θi
, 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 16 for the case in which the cross-subsidy channel dom-

inates. 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 16.

Result 3: Willingness to pay (House Prices and Help-to-Buy).
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Figure 16: Equilibrium regions when adverse selection decreases

(i) A decrease in house prices (i.e., αG “ αB 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., σ ą σ̄).

(ii) A government intervention to increase the value of small-size loans via a help-to-

buy scheme (i.e., αG increases) increases the credit rationing and the interest rate spread

under high competition. It decreases it under low competition (i.e., σ ă σ̄α) if and only if

its CSmc
αG

ą CS ` MC. The competition threshold is then σ̄α :“
´MU´CSr1´ mc

αG
s

PC
ą 0, where

PC :“ SBL̄ denotes the utility of B borrowers when getting the perfect competition B contract.

Proof: See Appendix L

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

constant, 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
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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 contract 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 market segment more profitable, which creates incentives to increase the cross-subsidy

level. In the formula CSmc
αG

ą CS ` MC, CS ` MC captures the first channel while CSmc
αG

captures the second channel. mc
αG

is the strength of the marginal impact of an increase in help

to buy on the cross-subsidy.

P 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):

uB “ pαB ´ mcqL̄ ´ πB (92)

uG “ pαB ´ mcqLG ´ πG (93)

ΠB :“ nBπB “ nB
1

σBθB
r1 ´

αG ´ mc

WTPG ´ WTPB

nG

nB

s (94)

ΠG :“ nGπG “ nG
1

σGθG
r1 `

αG ´ mc

WTPG ´ WTPB

s (95)

Equations (92) and (93) state that borrowers’ utility is the surplus generated by the loan

minus the lender’s profits per borrower. Equations (94) and (94) state that the lender’s

profits are the markup plus or minus the asymmetric information premium or discount.
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Changes in competition: I analyse how changes in competition (σ´1) affect the welfare

of different market participants. For the welfare results to be independent of the welfare func-

tion 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

effect (i.e., αG´mc
WTPG´WTPB

nG

nB
ą 1).25 This happens when the surplus in the B market segment

is large (i.e., αG´mc
WTPG´WTPB

large) and when the cost of screening is low (i.e., WTPG ´WTPB

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., SG

SBG
rMU `CSs ą 1

∆σθG
` 1

∆σθG
r

SG

WTPB´WTPG
s). 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’

profits if incentives to provide an information rent are low enough nG
SG

WTPB´WTPG
r 1
∆σθG

´ 1
θB

s`

nB

θB
`

nG

∆σθG
ą 0. For instance, when interest rate elasticities are the same (i.e., σGθG “ σBθB),

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 ( SG

WTPB´WTPG
ą nB and ∆σ

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 mar-

ket’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

25. Because of the linearity assumption of the utility, the condition implies that lenders make negative
profits on the B market segment. This is not necessarily true otherwise.
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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 mci the marginal cost of lending via i 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 mcB 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 is

partially 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 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. mcB 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 mcG triggers incentives to provide lower

information rents. mcB changes have no impact on lenders’ profits in my model, because the

cost is fully passed through borrowers.

As a result, an increase in mcG coupled with a decrease in mcB can be a Pareto im-

provement policy. The extreme-case scenario is equivalent to banning contracts with lower

than L̄ loan size, which prevents cream-skimming. This is a Pareto-efficient policy when

cream-skimming is ex post inefficient.
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Q Borrower preference approximation

Using data on menus, I approximate the pricing schedule pLc, rc, Tcqc, where r is the interest

rate and T is the maturity using a spline function. This interpolation allows to use first-order

conditions to derive the moment equation. I discuss alternative options in the paragraph in

section 6.1 labelled ”Heterogeneity within contracts”.

Formally, I first calculate the present value of the loan Ri,c “
řT

t“1 θ
t
iTi for each contract

c holding the monthly payment (Ti) constant. Then, I find the coefficients pγ1, γ2, γ3q such

that RipLq :“ γ̂1,i ` γ̂2,iL `
γ̂3,i
2
L2 best match the data points (Ri,c).

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

payment and an implied pricing schedule, I have

u˚
i :“ max

L
upLq :“ αiL ´ θiRipLq ùñ Li “

αi

γ̂3,iθi
´
γ̂2,i
θi

(96)

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

(96) and using the average default estimates:

Erα̂i|cs “ Liγ̂2,ip1 ` Erθ̂i|csq ´ γ̂2,i (97)

Equation (97) states that the slope of the pricing schedule for the contract chosen allows

us to recover the borrower’s willingness to pay αi

θi
. Figure 5 provides a visual representation

of the identification strategy. An identification threat would be the slope of the pricing

schedules, 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

willingness to pay for both covenant and loan size. The ”Heterogeneity within contracts”

paragraph discusses how to deal with this issue.
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R Adapting the Model to the Empirical Setting

For the model to be able to deliver a continuum of loan sizes, I consider the following

extensions. For a given risk category, I consider that there are N types of borrowers (i.e., N

combinations of pmpi,
αi

θi
, σiq), where mpi is the disposable income, αi

θi
is the willingness to

pay for one dollar, and σi 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 (mpi) is maxed out. For each

borrower, I can thus construct the following incentive compatibility constraint:

αiLi ´ PV pmpi, Tiq ě αiLjpmpi, Tjq ´ PVipmpi, Tjq (98)

Ljpmpi, Tjq is the loan size that would be chosen by the borrower if they were to choose a

contract with the other maturity. PV pmpi, Tiq is the present value of the loan as a function

of maturity Ti.

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. 26

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 mpi is independent of

the distribution of willingness to pay and αi

θi
and demand elasticities σi 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 p
αi

θi
, σiq. 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.

26. In continuous time, the principal is L “ mp ¨ r1 ´ e´riTi

ri
s and the present value is mp ¨ e´λiMj . λi is

the hazard rate, so that e´λi is the monthly survival probability. Formally, I linearize e´λiMj and use the

change of variable L̃i :“ r1 ´ e´riTi

ri
s.

84



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 H̄ in the baseline model.

S Empirical Application Model

I consider that there are N types of borrowers (i.e., N combinations of pmpi,
αi

θi
, σiq), where

m̄pi is the maximum monthly payment the borrower can repay. For each borrower type, I

construct an incentive compatibility constraint:

Li ´
θi
αi

mpiTi ě Ljpmpi,Mjq ´
θi
αi

mpiMj (99)

where Ljpmpi,Mjq is the loan size that would be chosen by the borrower if they were to

choose a contract with the other maturity.

l
ÿ

i“1

niϕpuiqθirRl ´
mc

θi
Lhs `

n
ÿ

i“h

niϕpuiqθirRh ´
mc

θi
Lhs (100)

with ui :“ WTPiLi ´ Ri (101)

th :“ l ` 1, lu : uhpLh, Rhq :“ ulpLl, Rlq ` pWTPh ´ WTPlqLi (102)

Using the average utility in each market segment pū :“ ui ´ ∆iLi with ∆̄i :“ pW̄TP ´

WTPiq):

l
ÿ

i“1

niϕpū ` ∆̄iLhqθirp ¯WTP ´
mc

θi
qLh ´ ūs `

n
ÿ

i“h

niϕpu ` ∆iLlqθirpWTP ´
mc

θi
qLh ´ us

(103)

ū ` pWTPh ´ ¯WTP qLh “ u ` pWTPl ´ WTP qLl ` pWTPh ´ WTPlqLl (104)
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Replacing the constraint and taking the first-order conditions with respect to (ū and u),

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