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Everything that is not forbidden by laws of nature is achievable,
given the right knowledge.

David Deutsch



Resumo

Esta dissertação trata da concorrência no mercado de crédito, quando os tomadores de crédito
podem ter um continuum de tipos, que representam a sua probabilidade de pagar o empréstimo.
Os bancos são dotados de uma tecnologia de triagem imperfeita para avaliar os tipos de empre-
sas. Estabelecemos uma base na qual os bancos podem discernir perfeitamente quais empresas
são dignas de crédito, e comparamos este cenário com outros dois com informação assimétrica.
Primeiro, consideramos a concorrência entre bancos idênticos e, em seguida, consideramos um
banco forte e um banco fraco com diferentes testes de análise de crédito. Determinamos o equilí-
brio para cada caso e também tratamos da questão da eficiência, do bem-estar e do racionamento
de crédito no mercado de crédito. Uma análise numérica do nosso modelo é realizada para obter
mais informações sobre nossos resultados.

Palavras-chave: mercado de crédito, informação assimétrica, racionamento de crédito



Abstract

This dissertation is concerned with the lending market competition when borrowers can attain a
continuum of types, which represent their probability of repaying the loan. Banks are endowed
with an imperfect screening technology to assess firms’ types. We set a benchmark in which banks
can perfectly discern which firms are creditworthy, and compare this scenario to two others with
asymmetric information. First, we consider the competition between identical banks, and then
consider a strong and a weak bank with different creditworthiness tests. We determine the
equilibrium for each case and also concern ourselves with the matter of efficiency, welfare and
credit rationing in the lending market. A numerical analysis of our model is performed in order
to gain further insights of our results.

Keywords: credit market, asymmetric information, credit rationing
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Capítulo 1

Introduction

The study of credit market competition is already a well-established one in the economic
literature. Many results are standard and appear in similar ways across different works on the
subject. Nevertheless, the present dissertation is able to shed light on some new aspects of this
competition.

Our findings result from three main pillars we build along the text and which differentiate
this work from the ones that came before. The first one is to consider that borrowers’ types are
continuous and represent the probability of repaying the loan. These borrowers are distributed
according to an arbitrary distribution function. Second, lenders need a screening technology
that is able to discern, even though imperfectly, which potential borrowers are creditworthy.
We then establish general conditions that determine what kind of functions can take this role
of the technology and, together with the distribution of firms, how they interact to sustain the
equilibria of the different kind of credit market competitions we study.

The third pillar comes with the discussion of efficiency, welfare, and credit rationing in the
lending market. In fact, the way we build the credit market with the previously mentioned
structures provides a natural setting to highlight how credit rationing occurs. Then, we can
bring back this topic to the table, since for a long time the studies of credit market competition
and credit rationing were set apart.

This dissertation is organized as follows: in Section 2 we perform a literature review, in which
we put this work in the context of the papers that paved our way. Section 3 introduces our
model and builds the necessary structures for the competitions with symmetric and asymmetric
information. Section 4 describes the competition with identical banks. We show there is no
equilibrium in pure strategies and find the distribution of compensations that characterize the
equilibrium in mixed strategies. Section 5 is concerned with defining strong and weak banks
and their technologies in order to characterize the competition between asymmetric lenders.
Section 6 deals properly with the asymmetric competition, and describes the equilibrium in mixed
strategies. Matters such as welfare, efficiency, and credit rationing are discussed in Section 7 for
the different kinds of competition. A numerical analysis is necessary in order to gain further
insights from our model, so we do just that in Section 8. Lastly, we discuss our results, and
possible extensions and conclusions in Section 9.



Capítulo 2

Literature Review

This work is built on the literature of lending market competition, and in particular on the
model of Broecker (1990). In this paper, identical banks face an adverse selection problem. There
are firms in the market that apply for a loan, and they can be of two types, which represent
their ability to repay the loan. To assess firms’ types, banks conduct a creditworthiness test,
even though it might make judgment errors.

Given this attempt to reduce the adverse selection problem, lenders compete with each other
by announcing interest rates based on their test results. Two scenarios are considered, namely a
one-stage and a two-stage game. In the first case, which is the one of relevance here, there is a
given number of potentially active banks in the market, which simultaneously decide if they will
provide credit. If this is the case, they choose which interest rate to announce.

There is a trade-off involved in raising the interest rate, which increases a bank’s profit
but may also result in it lending to a worse pool of firms and suffering from a winner’s curse.
Because of this, there is no equilibrium in pure strategies, but there is a unique equilibrium in
mixed strategies defined by a continuous distribution function over interest rates.

The paper of Hauswald and Marquez (2003) introduces asymmetric lenders with different
screening abilities. There are two dimensions of technological progress that are considered:
the state of the information technology (IT) used and the effort expended in gathering and
interpreting borrower-specific data. Now, there are two banks that compete for borrowers in the
market. One of them is the inside bank, which has access to a screening technology that is able
to generate borrower-specific information. The other lender is called the outside bank since it
does not have access to this technology and therefore remains uninformed.

Again, a pure strategy equilibrium in this game does not exist due to the winner’s curse. This
result is standard and is discussed in a similar framework by von Thadden (2004). However, a
mixed-strategy equilibrium exists and is defined by two distribution functions over the announced
interest rates by each bank. They use the results in Engelbrecht-Wiggans, Milgrom, and Weber
(1983) to conclude that the outside bank makes zero expected profits. They also calculate the
profits of the informed bank and show that it depends on the ex ante borrower quality, the
heterogeneity of borrowers, their distribution, and the quality of the screening technology.

He, Huang, and Zhou (2023) apply the framework of credit market competition with asym-
metric lenders in the scenario where a traditional bank competes with a fintech lender. This
competition also takes place, in a later stage, in an environment with open banking. Both are
endowed with a screening technology that uses a bad-news signal structure, which means that a
bad signal perfectly reveals that a borrower is of low type, while a good signal is uninformative.

The traditional bank is assumed to own customer data and benefits from this bank-customer
relationship, while the fintech lender has a better data processing technology. Then, in a sce-
nario with no open banking, the traditional bank is considered to be the strong bank, since its
competitor has little access to borrowers’ data, even though its technology is better. The game
changes with the introduction of open banking, since the fintech lender is now able to access
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customer data and with that, becomes the strong bank.
This work also dabbles in the literature of credit rationing. Stiglitz and Weiss (1981) were

one of the first to point out the existence of credit rationing in an equilibrium. Applying a similar
reasoning as Akerlof (1970), they show that, due to adverse selection, the lender will announce
a single interest rate, which acts as a screening device. Low-risk borrowers will not be interested
in applying for a loan if the lending rate increases.

An increase in the interest rate has two opposing effects on a bank’s profit. The positive
effect is due to an increase in its net interest income, while the negative one is a result on an
increase in the risk of its portfolio. This may result in the demand for credit exceeding its supply,
which is referred to equilibrium credit rationing. When a would-be borrower is rationed, they
cannot obtain the desired loan, even though they are willing to pay the required interest.

Their model, together with Bester and Hellwig (1987), also consider the issue of moral hazard
related to the borrower’s use of credit. Since banks do not accompany the project that they fund
because it is usually costly to do so, they cannot verify if the borrower is taking risky actions
in order to increase their profits. This also leads to a non-monotonic relationship between the
interest rate and the expected rate of return, also resulting in equilibrium credit rationing.

Various studies also analyze some firm characteristics as potential determinants of credit
rationing. Petersen and Rajan (1994) observed that the effects of adverse selection and moral
hazard have greater impact on smaller companies. Then, credit constraints become more severe
as firm size decreases.

Several studies (Cole, 1998; Harhoff and Körting, 1998; Beck et al., 2006; Hashi and Toçi,
2010) have demonstrated that as firms age, credit rationing tends to decrease. This is attributed
to the diminishing levels of asymmetric information between lenders and borrowers as firms
mature, with age also serving as a reputation indicator.

Firms’ age and size are not independent from their level of credit risk, whose indicators are
derived from the Basel Framework. This framework aims to mitigate information asymmetry
and offer banks guidance in assessing borrowers’ creditworthiness. The reduction in informa-
tion asymmetry between borrowers and lenders is expected to have a positive effect on credit
availability according to Berger et al. (2005), Frame et al. (2004), and Becchetti et al. (2010).

This work builds on the literature of credit market competition by introducing borrowers
with a continuum of types in the interval [0,1], which represent the probability that they will
repay the loan. Banks are also endowed with an imperfect screening technology that is used to
determine the creditworthiness of the borrower. As will be shown, the departure of the model
with two-type firms, together with an arbitrary distribution of borrowers and an ample class of
possible screening technologies, is able to replicate many of the well-established results in the
literature as well as obtain new findings and interpretations of the problems at hand.

We also make a connection between the two previously mentioned strands of literature by
pointing that, due to the asymmetric information present in the credit market competition,
credit rationing is a natural consequence of that. This is well-known in works that focus on
credit rationing, but does not appear in discussions that are concerned with the competition
itself.

Differently from previous works, which use the interest rate or collateral-based contracts as
screening devices, here banks are endowed with their own screening technologies that are used to
mitigate the asymmetric information in the market. Since this test is imperfect, credit rationing
persists. Also, given that the interest rate is announced after the screening process, moral hazard
plays no role here.

The empirical works discussed here also contribute to the connection between both strands of
literature. We already noted that firms’ age and size are related to their level of credit risk, which
is what we call the firm’s type. It is then natural to think about how the screening technology
affects the credit rationing in the market.
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The Model

There is a continuum of risk-neutral borrowers (firms) of measure 1. They have no funds
to finance a project costing 𝐼. The project yields 𝑅 in the case of success and 0 in the case
of failure, and the borrower is protected by limited liability. In order to finance the project,
borrowers apply for a loan from all lenders in the market.

Firms’ types are in the set Θ = [0,1], which represent the probability of the project’s success.
Types are distributed over Θ according to a probability distribution described by a strictly
positive and twice continuously differentiable function 𝜑. That is, for any measurable set 𝐴 ⊂
[0,1],

𝑃 [𝜃 ∈ 𝐴] =

∫︁ 1

0
1{𝜃 ∈ 𝐴}𝜑(𝜃)𝑑𝜃 . (3.1)

There are two risk-neutral banks in the market, who compete to lend the amount 𝐼 to the
firms and make a profit. They simultaneously offer a compensation 𝑅𝑏 ≥ 0 to the borrowers in
case of success, which in turn sign a contract with the lender that offers a higher compensation.
It is assumed that there are no funding costs. Given 𝑅 and 𝐼, the expected profit from lending
to a firm of type 𝜃 by offering a compensation 𝑅𝑏 is

𝜋𝜃 = 𝜃(𝑅−𝑅𝑏)− 𝐼 . (3.2)

It is useful to find a cut-off type 𝜃 ∈ Θ below which banks make an expected loss if they lend
to such firms. This is simply the type such that lenders break even in expectation when offering
𝑅𝑏 = 0:

𝜃𝑅− 𝐼 = 0 , (3.3)

or

𝜃 =
𝐼

𝑅
. (3.4)

This means that the higher the cost of the project 𝐼 and the lower the return 𝑅, the higher is
the cut-off type 𝜃 needed for banks to reach the expected break-even point. Firms of type 𝜃 ≥ 𝜃
are creditworthy, while those of type 𝜃 < 𝜃 are not.

Then, banks need to decide whether or not to make an offer to any given firm. In what
follows, two scenarios are considered. First, as a benchmark, suppose there is symmetric infor-
mation in the market. This means borrowers’ types are common knowledge. The second case
is characterized by asymmetric information, which means firms’ types are private knowledge.
Despite this, lenders are able to conduct an imperfect creditworthiness test in order to make a
decision. The next section is concerned with the case of symmetric information.
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3.1 Symmetric Information

Before dealing with the case of asymmetric information, a benchmark with symmetric infor-
mation is set. In this simple case, banks know borrowers’ types. This means that firms which
are creditworthy, with types 𝜃 ≥ 𝜃, obtain financing.

Both banks will make an offer simultaneously to a creditworthy firm, which will choose the
best return. One bank cannot observe the other’s offer. If banks announce the same compen-
sation, the borrower chooses one of them with equal probability. The lowest possible offer is
simply 𝑅𝑏 = 0, while the highest offer is the one for which lenders make zero expected profit,
𝑅𝑏 = 𝑅− 𝐼/𝜃. Then, the set of possible offers is given by 𝑅𝑏 ∈ [0,𝑅− 𝐼/𝜃].

This scenario reminds of a first-price sealed-bid auction with two bidders. On the other
hand, since borrower’s types are common knowledge, this becomes a simple case of Bertrand
competition. For 𝑖,𝑗 ∈ {1, 2}, 𝑖 ̸= 𝑗, the expected profit of bank 𝑖 when making an offer to a firm
of type 𝜃 is then

𝜋𝑖
𝜃 =

⎧⎪⎨⎪⎩
𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼 , if 𝑅𝑖
𝑏 > 𝑅𝑗

𝑏 ,
1
2 [𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼] , if 𝑅𝑖
𝑏 = 𝑅𝑗

𝑏 ,

0 , if 𝑅𝑖
𝑏 < 𝑅𝑗

𝑏 .

(3.5)

There is a trade-off in raising 𝑅𝑖
𝑏, which increases the probability of lending to the firm but

diminishes the gains from lending.
If this were the case of a monopoly, the lender would simply offer 𝑅𝑏 = 0 and obtain the

maximum expected profit. In this duopoly, bank 𝑖’s response function 𝑅𝑖
𝑏 given 𝑅𝑗

𝑏 is given by

𝑅𝑖
𝑏(𝑅

𝑗
𝑏) =

{︃
𝑅𝑗

𝑏 + 𝜖 , if 𝑅− 𝐼/𝜃 > 𝑅𝑗
𝑏 ≥ 0 ,

𝑅− 𝐼/𝜃 , if 𝑅𝑗
𝑏 = 𝑅− 𝐼/𝜃 .

(3.6)

Here, 𝜖 is a small positive value. If lender 𝑗 offers any compensation below 𝑅 − 𝐼/𝜃, lender 𝑖
covers that offer and lends to the firm. Then, bank 𝑗 has an incentive to raise 𝑅𝑗

𝑏. It is possible
to see that there is a pure strategy Nash equilibrium in which both banks offer 𝑅 − 𝐼/𝜃 and
obtain zero expected profit. Therefore, firms secure the highest level of compensation as if they
were in a competitive market, and we are faced with the well-known Bertrand paradox. The
compensation a borrower of type 𝜃 gets, 𝑅𝜃

𝑏 , is then

𝑅𝜃
𝑏 = 𝑅− 𝐼

𝜃
, (3.7)

which means it increases with their type 𝜃 and return of the project 𝑅, and diminishes with the
investment required 𝐼. Then, their expected utility is

𝑉𝜃 = 𝜃𝑅𝜃
𝑏 = 𝜃𝑅− 𝐼 . (3.8)

Next, we set the scenario with asymmetric information in which banks have an imperfect
screening technology to determine firms’ probability of success.

3.2 Asymmetric Information

Now, firms have private information about their type. Under asymmetric information, the
capital market does not know what type of borrower it faces. Let

𝜃 =

∫︁ 1

0
𝜃𝜑(𝜃)𝑑𝜃 (3.9)

denote the average type of borrowers in the market, which can also be seen as firms’ prior
probability of success.
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A bank is endowed with a costless but imperfect test to determine the creditworthiness of a
borrower. The test randomly assigns the applicant to one of two categories: 𝐴 or 𝐵. A borrower
assigned to 𝐴 is considered to be creditworthy, while one assigned to 𝐵 is not. For 𝐶 = 𝐴, 𝐵, let
𝑃 (𝐶|𝜃) be the probability that a firm is assigned to 𝐶 given that it is of type 𝜃. The technology
is given by a function 𝑞𝐴(𝜃). The test is completely described by

𝑃 (𝐴|𝜃) = 𝑞𝐴(𝜃) ,

𝑃 (𝐵|𝜃) = 𝑞𝐵(𝜃) = 1− 𝑞𝐴(𝜃) . (3.10)

It makes sense that, for a functional screening technology, firms with a higher probability
of success are more likely to be considered creditworthy and assigned to category 𝐴. Then, the
following assumption is made:

Assumption 1 The screening technology 𝑞𝐴(𝜃) satisfies monotonicity. Given two types 𝜃1 and
𝜃2 such that 𝜃1 ≤ 𝜃2, we have that 𝑞𝐴(𝜃1) ≤ 𝑞𝐴(𝜃2).

Now, consider one bank applying this test to the whole population of firms. For creditworthy
firms (𝜃 ∈ [𝜃,1]), we see that

𝑙𝐴𝑐𝑤 =

∫︁ 1

𝜃
𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 (3.11)

is the number of such firms that are assigned to 𝐴, and the remaining

𝑙𝐵𝑐𝑤 =

∫︁ 1

𝜃
𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃 (3.12)

of them are assigned to 𝐵. For non-creditworthy firms (𝜃 ∈ [0,𝜃)),

𝑙𝐴𝑛𝑐𝑤 =

∫︁ 𝜃

0
𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 (3.13)

of them are assigned to 𝐴 and

𝑙𝐵𝑛𝑐𝑤 =

∫︁ 𝜃

0
𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃 (3.14)

of them are assigned to 𝐵. This means that

𝑙𝐴 = 𝑙𝐴𝑐𝑤 + 𝑙𝐴𝑛𝑐𝑤 =

∫︁ 1

0
𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 (3.15)

firms are assigned to 𝐴, and 𝑙𝐵 = 𝑙𝐵𝑐𝑤 + 𝑙𝐵𝑛𝑐𝑤 are assigned to 𝐵.
Then, the conditional probability of a firm being creditworthy given that it is assigned to

risk class 𝐴 is

𝑙(𝜃𝑐𝑤|𝐴) =

∫︀ 1
𝜃 𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃

=
𝑙𝐴𝑐𝑤
𝑙𝐴

, (3.16)

while the proportion of creditworthy firms in the population of all of those firms assigned to 𝐵
is

𝑙(𝜃𝑐𝑤|𝐵) =

∫︀ 1
𝜃 𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃

=
𝑙𝐵𝑐𝑤
𝑙𝐵

. (3.17)
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For banks, what matters is the average success probability of those firms that are assigned
to 𝐴. The better the technology, the greater is the average type of such borrowers. Using Bayes’
rule (Appendix 1), this quantity is given by

𝜃𝐴 =

∫︀ 1
0 𝜃𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃

. (3.18)

Also, the average success probability of those assigned to 𝐵 is

𝜃𝐵 =

∫︀ 1
0 𝜃𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃

=
𝜃 −

∫︀ 1
0 𝜃𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃

1−
∫︀ 1
0 𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃

. (3.19)

A desirable property of the technology 𝑞𝐴(𝜃) is that, after the creditworthiness test is applied
to all firms, the average success probability of firms assigned to 𝐴 is greater than the average
type of borrowers in the market, 𝜃𝐴 > 𝜃. This means that the screening is successful enough in
separating firms that are creditworthy from those which are not. Indeed, the monotonicity of
the technology guarantees that the test is informative.

Proposition 1 Under Assumption 1, the screening technology 𝑞𝐴(𝜃) satisfies 𝜃𝐵 < 𝜃 < 𝜃𝐴.

The proof is in Appendix 2.
The objective of the creditworthiness test is to select firms with a higher probability of being

successful in their investments so that banks are more likely to make a profit from providing
credit. To accomplish this, it is also important that they are able to eliminate noncreditworthy
firms from their pool of borrowers. With this in mind, we make the following assumption:

Assumption 2 The screening technology 𝑞𝐴(𝜃) satisfies 𝜃𝐵 < 𝜃.

Therefore, provision of credit to firms in category 𝐵 necessarily entails expected losses. Under
this assumption, if 𝜃 ≥ 𝜃, we have that 𝜃 < 𝜃𝐴, so it is always profitable in expectation for
lenders to provide credit to firms in category 𝐴. Otherwise, if 𝜃 < 𝜃, nothing can be said, and
the participation condition (which is defined in the next section) needs to be verified in a case
by case basis (Appendix 3). Also, this assumption simplifies the analysis to the case in which
banks offer a single compensation to what they deem to be the best firms in order to maximize
profits.

The following section is concerned with credit market competition between two banks with
the same technology.



Capítulo 4

Credit Market Competition

We are ready to define the game. Consider two banks in the market which possess the
same screening technology 𝑞𝐴(𝜃). All borrowers apply for a loan from both lenders, who in turn
conduct the creditworthiness test and categorize firms in categories 𝐴 and 𝐵. This test is costless
and independent for each firm. Also, banks keep their results private from their competitor, and
only report them truthfully to the applicants.

Then, banks update their beliefs about potential borrowers (those classified as creditworthy)
and decide if they remain in the market. That is, if a participation condition, which is speci-
fied below, is not satisfied, lenders decide not to provide credit and the market breaks down.
Otherwise, each one simultaneously announce a compensation for those firms they classify in
category 𝐴. These borrowers are then free to sign a credit contract with any bank under the
prespecified conditions. If a firm receives the same offer from both banks, it is indifferent and
accepts one of them with equal probability. The timing is as follows:

1. Firms apply to both banks in the market.

2. Banks carry out their tests of creditworthiness and truthfully report their results to the
applicants, but do not inform each other about them.

3. Banks update their beliefs and decide if they remain in the market.

4. Banks simultaneously announce their offered compensation.

5. Firms sign a credit contract with any bank under the prespecified conditions.

It is important to establish the participation condition that needs to be satisfied in order for
banks to stay in the market. After screening, the average type of the firms allocated to category
𝐴 is 𝜃𝐴. But banks just know for sure to which group of firms they can lend after they make their
offers. The lender which offers a higher compensation lend to all firms it allocates in category
𝐴, while the lender with a lower compensation only signs a credit contract with firms that are
deemed to be creditworthy by it but were rejected by the other bank. This means that this bank
will lend to firms with an average type

𝜃𝐴𝐵 =

∫︀ 1
0 𝜃𝑞𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃

. (4.1)

Then, if lenders do not make an expected loss when offering the lowest compensation possible,
𝑅𝑏 = 0, in this worst-case scenario, they opt to make an offer. The participation condition is
given by

𝜃𝐴𝐵𝑅− 𝐼 ≥ 0 , (4.2)



9

or

𝜃𝐴𝐵 ≥ 𝜃 . (4.3)

This is simply the statement that the average success probability of these firms must not be
below the cut-off type 𝜃 for which banks break even in expectation. Satisfied this condition,
banks stay in the market and are willing to provide credit.

Since lenders are identical, it is not possible to have a case in which one of them leaves the
market due to not satisfying the participation condition and the other remains and acts as a
monopolist. Indeed, as will be demonstrated, a monopoly is also not sustained in equilibrium.
Then, we will focus on the relevant case of interbank competition.

If banks provide credit, each one needs to specify a compensation. Let 𝑖,𝑗 ∈ {1,2}, 𝑖 ̸= 𝑗,
index each bank. The lowest compensation a lender can offer is simply 0, while the highest one
is 𝑅 − 𝐼/𝜃𝐴, for which it breaks even in expectation. Therefore, a compensation is chosen from
the interval [0,𝑅− 𝐼/𝜃𝐴].

From now on, without loss of generality, we focus our attention on bank 𝑖. It announces a
compensation 𝑅𝑖

𝑏, while its competitor offers 𝑅𝑗
𝑏. Let 𝑅̄ be the vector of announced compensa-

tions:

𝑅̄ = (𝑅𝑖
𝑏,𝑅

𝑗
𝑏) . (4.4)

Also, let 𝑚(𝑅̄,𝑖) be the number of banks announcing the same returns as bank 𝑖, and 𝑛(𝑅̄,𝑖) be
the number of banks offering a higher compensation than bank 𝑖.

Borrowers prefer high compensations to low ones. If 𝑅𝑖
𝑏 > 𝑅𝑗

𝑏, bank 𝑖 is guaranteed to sign a
contract with all of the firms it classifies as creditworthy. But if 𝑅𝑗

𝑏 > 𝑅𝑖
𝑏, only those firms which

are rejected by bank 𝑗 will be potential clients of 𝑖. Now, if 𝑅𝑖
𝑏 = 𝑅𝑗

𝑏, firms distribute themselves
equally between the two banks. Then, given 𝑅𝑖

𝑏 and 𝑅𝑗
𝑏, the number of firms which sign a credit

contract with bank 𝑖 is given by

ℎ𝑖 =
1

𝑚(𝑅̄,𝑖)

∫︁ 1

0
𝑞𝐵(𝜃)𝑛(𝑅̄,𝑖)(1− 𝑞𝐵(𝜃)𝑚(𝑅̄,𝑖))𝜑(𝜃)𝑑𝜃 . (4.5)

For two banks, we have three cases. Either both banks announce the same compensation,
which means that 𝑚(𝑅̄,𝑖) = 2 and 𝑛(𝑅̄,𝑖) = 0, or one bank’s compensation is higher than the
other’s. If 𝑅𝑖

𝑏 > 𝑅𝑗
𝑏, then 𝑚(𝑅̄,𝑖) = 1 and 𝑛(𝑅̄,𝑖) = 0. Otherwise, 𝑚(𝑅̄,𝑖) = 1 and 𝑛(𝑅̄,𝑖) = 1.

To make it clear, we write ℎ𝑖 explicitly for each case.
First, when bank 𝑖 offers a higher compensation, we obtain simply

ℎ𝑖 =

∫︁ 1

0
𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 . (4.6)

Notice that these are simply the firms which pass bank 𝑖’s test. Of those that are also classified
as creditworthy by lender 𝑗, none of them have an incentive to sign a contract with it.

Next, if 𝑅𝑗
𝑏 > 𝑅𝑖

𝑏, we get

ℎ𝑖 =

∫︁ 1

0
𝑞𝐵(𝜃)(1− 𝑞𝐵(𝜃))𝜑(𝜃)𝑑𝜃 =

∫︁ 1

0
𝑞𝐵(𝜃)𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 . (4.7)

In this case, these are the borrowers that fail bank 𝑗’s test but are considered to be creditworthy
by bank 𝑖. This gives us a flavor of a winner’s curse, since lender 𝑖 may be getting low-quality
clients that were rejected by lender 𝑗.

Last but not least, when 𝑅𝑖
𝑏 = 𝑅𝑗

𝑏, the number of clients on bank 𝑖’s portfolio is given by

ℎ𝑖 =
1

2

∫︁ 1

0
(1− 𝑞𝐵(𝜃)2)𝜑(𝜃)𝑑𝜃 . (4.8)
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In order to better understand this expression, consider the term 1 − 𝑞𝐵(𝜃)2. For a firm of
type 𝜃, this is the probability that it is considered creditworthy by at least one of the lenders.
Integrating, we take into account all firms in the market. The term 1/2 simply indicates these
firms are divided equally between the two banks due to our tie-breaking rule.

Having established this, we can use Bayes’ rule once again to determine the general expression
of the average type of the firms which borrow from bank 𝑖. We obtain

𝜃𝑖 =

∫︀ 1
0 𝜃𝑞𝐵(𝜃)𝑛(𝑅̄,𝑖)(1− 𝑞𝐵(𝜃)𝑚(𝑅̄,𝑖))𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐵(𝜃)𝑛(𝑅̄,𝑖)(1− 𝑞𝐵(𝜃)𝑚(𝑅̄,𝑖))𝜑(𝜃)𝑑𝜃

. (4.9)

The important thing to notice is that there is a trade-off between the compensation offered 𝑅𝑖
𝑏

and the average quality of firms 𝜃𝑖. By offering higher returns, it is more likely that a lender gets
the best clients, but in doing so it also gives up some profit. Then, for this game, each lender
takes this in consideration when they announce their compensations in order to maximize their
expected profits. For bank 𝑖, it is given by

𝜋𝑖 = ℎ𝑖(𝜃𝑖(𝑅−𝑅𝑖
𝑏)− 𝐼) =

=
1

𝑚(𝑅̄,𝑖)

∫︁ 1

0
[𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼]𝑞𝐵(𝜃)𝑛(𝑅̄,𝑖)(1− 𝑞𝐵(𝜃)𝑚(𝑅̄,𝑖))𝜑(𝜃)𝑑𝜃 . (4.10)

Now, we are ready to announce the first important result for this game of interbank compe-
tition.

Proposition 2 The game of interbank competition with identical banks does not possess a Nash
equilibrium in pure strategies.

The proof is in Appendix 4. This comes from the fact that a bank’s profit comes not just from
the compensation it offers, but also from its pool of clients. Given its clientele, a lender has an
incentive to lower the offered returns. But by doing so, this affects the average success probability
of its borrowers, which in turn also depends on the compensations offered by its competitor.

This game of interbank competition resembles two other classes of games, namely, first-bid
auctions with common values and models of Bertrand-Edgeworth competition. The similarity
to the former is due to the fact that the credit market model can be seen as an auction. If we
interpret it as if banks face a single applicant, their bid is the offered compensation if the firm
passes their creditworthiness test. But it also resembles a Bertrand-Edgeworth competition in
the sense that the potential borrowers of each bank do not coincide. That is, the compensations
offered by lenders and their acceptance decisions differ, which gives rise to a winner’s curse.

Now, we will establish the existence of Nash equilibria in mixed strategies. Any such equili-
brium is given by a distribution over the possible returns, [0,𝑅− 𝐼/𝜃𝐴], from which lenders will
randomly select a compensation to offer. For bank 𝑖, let this CDF be 𝐹 (𝑟) = 𝑃 (𝑅𝑖

𝑏 ≤ 𝑟). But
before we continue, it is useful to establish a property of 𝐹 (𝑟) that will allow us to pin down a
single equilibrium.

Proposition 3 The distribution 𝐹 (𝑟) does not have a mass point at 0.

The proof is in Appendix 5. Then, bank 𝑖’s expected profit is given by

𝑉𝑖(𝐹,𝑅
𝑖
𝑏) = 𝐹 (𝑅𝑖

𝑏)

∫︁ 1

0
[𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼]𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃+

+(1− 𝐹 (𝑅𝑖
𝑏))

∫︁ 1

0
[𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼]𝑞𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃 . (4.11)

The first term is the expected profit if bank 𝑖 offers higher returns than bank 𝑗, while the
second term gives the expected profit in the opposite case. Since both lenders possess the same
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technology, they draw their offered returns from the same distribution, so that here 𝐹 (𝑅𝑖
𝑏) =

𝑃 (𝑅𝑗
𝑏 ≤ 𝑅𝑖

𝑏). Now, we are ready to enunciate our results.

Proposition 4 The game of interbank competition possesses a unique Nash equilibrium in mixed
strategies defined by the distribution

𝐹 (𝑟) =

∫︀ 1
0 𝜃𝑟𝑞𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 [𝜃(𝑅− 𝑟)− 𝐼]𝑞𝐴(𝜃)2𝜑(𝜃)𝑑𝜃
. (4.12)

Appendix 6 displays the proof of this proposition. Then, in equilibrium, both banks announce
a compensation randomly drawn from this distribution. Also, by definition, they are indifferent
to any offer made in this fashion.

But before we continue, it is important to verify if the compensation 𝑅*
𝑏 , defined such that

𝐹 (𝑅*
𝑏) = 1, is in the support. Remember that the upper bound of the support is given by

𝑅̄𝑏 = 𝑅− 𝐼/𝜃𝐴 , (4.13)

which can also be written as

𝑅̄𝑏 =

∫︀ 1
0 (𝜃𝑅− 𝐼)𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 𝜃𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃
. (4.14)

Then, solving 𝐹 (𝑅*
𝑏) = 1 for 𝑅*

𝑏 , we find

𝑅*
𝑏 =

∫︀ 1
0 (𝜃𝑅− 𝐼)𝑞𝐴(𝜃)2𝜑(𝜃)𝑑𝜃∫︀ 1

0 𝜃𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃
. (4.15)

Given that 𝑞𝐴(𝜃) ∈ [0,1], we can conclude that 𝑅*
𝑏 is indeed in the support.

Also, in equilibrium, banks’ expected profit is

𝑉 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃 . (4.16)

Notice that this is the lowest profit banks could attain in expectation, but it is the highest profit
possible if the bank lends to the worst pool of firms. Clearly, 𝑉 increases with the project’s
return 𝑅 and decreases with the investment 𝐼. The distribution of types in the population of
firms 𝜑(𝜃) also plays a role, given that a higher concentration of creditworthy borrowers, for
example, impacts lenders’ expected profits positively.

To determine what part the technology plays in the equilibrium expected profit, we rewrite
𝑞𝐴(𝜃)𝑞𝐵(𝜃) as 𝑞𝐴(𝜃) − 𝑞𝐴(𝜃)2. This is a parabola with roots at 𝑞𝐴(𝜃) = 0 and 𝑞𝐴(𝜃) = 1 and
attains a maximum at 𝑞𝐴(𝜃) = 0.5. Then, the technology seems to give more weight to firms
with type close to some 𝜃† such that 𝑞𝐴(𝜃†) = 0.5 and less weight to types on the extremes of Θ.

In order to better understand how the screening technology impacts the competition between
lenders, we need to establish what it means to have a better technology and how it changes the
results obtained until now.



Capítulo 5

Asymmetric Lenders

So far, we have worked with two equal banks competing in the credit market which were
endowed with the same screening technology 𝑞𝐴(𝜃). Next, we consider the case where some
lenders are able to more accurately screen potential borrowers with a better technology. From
now on, we denominate a bank with technology 𝑞𝐴𝑤(𝜃) as a weak bank and the one with technology
𝑞𝐴𝑠 (𝜃) as a strong bank. They possess the same properties we already described for technology
𝑞𝐴(𝜃), and, for 𝑖 ∈ {𝑤,𝑠}, are defined similarly by

𝑃 (𝐴|𝜃) = 𝑞𝐴𝑖 (𝜃) , (5.1)

𝑃 (𝐵|𝜃) = 𝑞𝐵𝑖 (𝜃) = 1− 𝑞𝐴𝑖 (𝜃) . (5.2)

We need to define exactly in what sense the technology 𝑞𝐴𝑠 (𝜃) is better than 𝑞𝐴𝑤(𝜃). In order
to being able to compare these two technologies, we make the following assumption:

Assumption 3 The technologies 𝑞𝐴𝑠 (𝜃) and 𝑞𝐴𝑤(𝜃) satisfy∫︁ 1

0
𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃 ≥

∫︁ 1

0
𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 (5.3)

and ∫︁ 1

𝜃
𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 ≥

∫︁ 1

𝜃
𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃 , (5.4)

with at least one of the inequalities being strict.

This assumption leads to the results of the next proposition, which shows how the the strong
bank differs from the weak bank. The proof is on Appendix 7.

Proposition 5 Under Assumption 3, the technologies 𝑞𝐴𝑠 (𝜃) and 𝑞𝐴𝑤(𝜃) satisfy

𝜃𝐵𝑤 > 𝜃𝐵𝑠 , (5.5)

𝜃𝐴𝐵
𝑤 < 𝜃𝐴𝐵

𝑠 , (5.6)

𝜃𝐴𝑤 < 𝜃𝐴𝑠 . (5.7)

The first immediate consequence of the inequality 𝜃𝐴𝐵
𝑤 < 𝜃𝐴𝐵

𝑠 is that the weak bank suffers
a more intense winner’s curse than the strong bank. In addition, the strong bank’s participation
condition is satisfied more easily, so it can remain in the market under more adverse environments.
When competing with a weak bank, as we will see, it may be the case that 𝜃𝐴𝐵

𝑠 > 𝜃 > 𝜃𝐴𝐵
𝑤 , so

the strong bank becomes a monopolist.
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Also, remember that the highest compensation a lender can offer is given by 𝑅−𝐼/𝜃𝐴𝑖 , which
means the strong bank is able to announce more generous returns due to the fact that it is
dealing with a better pool of firms.

Given the advantages a strong bank has over a weak bank due to a better technology, we
next analyze the scenario in which both compete in the credit market.



Capítulo 6

Competition with Asymmetric Lenders

Consider a weak bank and a strong bank that will now compete in the credit market. The
game is similar to the one already analyzed, with firms applying for a loan from both lenders,
which in turn perform their respective creditworthiness tests. Lenders update their beliefs, and
again decide if they remain in the market. However, due to differing screening technologies, the
participation condition of each lender is now

𝜃𝐴𝐵
𝑖 ≥ 𝜃 . (6.1)

Since 𝜃𝐴𝐵
𝑠 > 𝜃𝐴𝐵

𝑤 , it may be the case that the strong bank satisfies the participation condition and
the weak bank does not. Then, the strong bank becomes a monopolist that offers a compensation
𝑅𝑠

𝑏 = 0 and obtains an expected profit of

𝜋𝑠 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 . (6.2)

Although this is a possible scenario, we will focus on the more interesting case in which both
lenders satisfy the participation condition.

After performing their tests, each bank announces their respective compensations to those
they classify as creditworthy. Remember that the possible returns a bank can offer are in the
interval [0, 𝑅−𝐼/𝜃𝐴𝑖 ], which, as we already noted, has a higher upper bound for the strong bank.

The expected profits of each lender depend on the compensations they offer. For the weak
and strong banks, whichever offer a higher compensation obtains an expected profit of

𝜋𝑖 =

∫︁ 1

0
[𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼]𝑞𝐴𝑖 (𝜃)𝜑(𝜃)𝑑𝜃 . (6.3)

If they announce the same returns, their expected profit is

𝜋𝑖 =
1

2

∫︁ 1

0
[𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼](1− 𝑞𝐵𝑖 (𝜃)𝑞
𝐵
𝑗 (𝜃))𝜑(𝜃)𝑑𝜃 , (6.4)

and last but not least, the one that offers the lower compensation makes an expected profit of

𝜋𝑖 =

∫︁ 1

0
[𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼]𝑞𝐴𝑖 (𝜃)𝑞
𝐵
𝑗 (𝜃)𝜑(𝜃)𝑑𝜃 . (6.5)

Once again, the main feature of this type of game is the trade-off between the offered com-
pensation and the pool of clients available for banks. By announcing more generous returns, even
though it hurts profits, a lender may get a better clientele. Also, since firms that are deemed to
be creditworthy by each bank do not coincide, the winner’s curse plays a role here.

In the case of asymmetric banks, the strong lender classifies a higher fraction of creditworthy
firms in category 𝐴, which leads to the weak lender facing a more severe winner’s curse. That is,
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if the weak lender offers a lower compensation and ends up signing a credit contract with some
firms the strong bank rejected, it is more likely that these firms are indeed not creditworthy.

It is well established in the literature that there is no Nash equilibrium in pure strategies due
to the winner’s curse. The proof follows the same ideas already explored in the case of equal
banks. In particular, note that, even though the strong bank has a higher threshold for the
compensations it can offer, there is no equilibrium in which it enjoys of this advantage. If the
strong lender offers a compensation the weak lender cannot offer, it has an incentive to lower the
returns, increase its expected profit and still keep the better pool of clients.

We then focus our attention to Nash equilibria in mixed strategies. This time, it is charac-
terized by two distributions. For 𝑖 ∈ {𝑤,𝑠}, the CDFs are denoted by 𝐹𝑖(𝑟) = 𝑃 (𝑅𝑖

𝑏 ≤ 𝑟) and
distributed over the possible compensations,

[︀
0, 𝑅− 𝐼/𝜃𝐴𝑖

]︀
.

Proposition 6 The game of asymmetric interbank competition possesses a unique Nash equili-
brium in mixed strategies such that:

1. The distributions of the weak and strong banks are respectively

𝐹𝑤(𝑟) =

∫︀ 1
0 𝜃𝑟𝑞𝐵𝑤 (𝜃)𝑞

𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 [𝜃(𝑅− 𝑟)− 𝐼]𝑞𝐴𝑤(𝜃)𝑞
𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

, (6.6)

𝐹𝑠(𝑟) =
(1− 𝜃𝐴𝑤/𝜃

𝐴
𝑠 )

∫︀ 1
0 (𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝑞

𝐴
𝑤(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 [𝜃(𝑅− 𝑟)− 𝐼]𝑞𝐴𝑠 (𝜃)𝑞
𝐴
𝑤(𝜃)𝜑(𝜃)𝑑𝜃

+

+

∫︀ 1
0 𝜃𝑟𝑞𝐴𝑤(𝜃)𝑞

𝐵
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 [𝜃(𝑅− 𝑟)− 𝐼]𝑞𝐴𝑠 (𝜃)𝑞
𝐴
𝑤(𝜃)𝜑(𝜃)𝑑𝜃

. (6.7)

2. Both distributions have the same support [0,𝑅†
𝑏], with

𝑅†
𝑏 =

∫︀ 1
0 (𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝑞

𝐴
𝑤(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 𝜃𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃
. (6.8)

3. 𝐹𝑤(0) = 0 and 𝐹𝑠(0) > 0, with

𝐹𝑠(0) = 1− 𝜃𝐴𝑤
𝜃𝐴𝑠

. (6.9)

4. 𝐹𝑤(𝑟) first-order stochastically dominates 𝐹𝑠(𝑟).

The first characteristic of this equilibrium that is worth our attention is that, if we set
𝑞𝐴𝑤(𝜃) = 𝑞𝐴𝑠 (𝜃), all the results obtained here become identical to the ones we found for two equal
banks. This model can be seen as a generalization of the previous one, which is a special result
when we take the limit 𝑞𝐴𝑠 (𝜃) → 𝑞𝐴𝑤(𝜃) for all 𝜃.

Also, even though the strong bank can offer higher compensations than the weak bank, in
equilibrium it chooses not to do so. This is because offering higher compensations hurts profits,
and it does not make sense for it to randomly announce such returns if it could still get the best
firms by offering at most what the weak bank offers.

What indeed happens in this game is that the strong bank announces on average lower
compensations than the weak bank due to 𝐹𝑤(𝑟) first-order stochastically dominating 𝐹𝑠(𝑟).
Intuitively, a better screening technology relaxes the trade-off involved when banks choose a
compensation to offer. Remember that by announcing higher returns, a bank is more likely to
lend to the best firms, but it also hurts profits. Then, by better identifying which firms are
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creditworthy, the strong bank can afford to offer lower compensations on average without it
affecting its profits as much.

One way to see how the difference in technologies affect the competition is to look at the
mass point of 𝐹𝑠(0) at 0. The ratio 𝜃𝐴𝑤/𝜃

𝐴
𝑠 is an indicator of the technological disparities between

both banks. Then, the greater the difference between 𝜃𝐴𝑠 and 𝜃𝐴𝑤 , the greater is the advantage of
the strong bank, which means it can afford to offer lower compensations. In particular, it offers
𝑅𝑠

𝑏 = 0 more often.
Now, let us look at the expected profit of both banks in equilibrium. For the strong bank,

the general expression is given by

𝑉𝑠(𝐹𝑤,𝑅
𝑠
𝑏) = 𝐹𝑤(𝑅

𝑠
𝑏)

∫︁ 1

0
[𝜃(𝑅−𝑅𝑠

𝑏)− 𝐼]𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃+ (6.10)

+(1− 𝐹𝑤(𝑅
𝑠
𝑏))

∫︁ 1

0
[𝜃(𝑅−𝑅𝑠

𝑏)− 𝐼]𝑞𝐵𝑤 (𝜃)𝑞
𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 .

Note that, by definition of equilibrium, the strong bank is indifferent when choosing any com-
pensation from the support, since it results in the same expected profit. Then, choosing 𝑅𝑠

𝑏 = 0
for convenience, we find

𝑉𝑠 = 𝑉𝑠(𝐹𝑤,0) =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝑞

𝐵
𝑤 (𝜃)𝜑(𝜃)𝑑𝜃 . (6.11)

This is similar to the expected profit we found for banks with the same technology, and it is
simply the profit the strong bank obtains when it offers 𝑅𝑠

𝑏 = 0.
For the weak bank, the general expression of the equilibrium expected profit is given by

𝑉𝑤(𝐹𝑠,𝑅
𝑤
𝑏 ) = 𝐹𝑠(𝑅

𝑤
𝑏 )

∫︁ 1

0
[𝜃(𝑅−𝑅𝑤

𝑏 )− 𝐼]𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃+ (6.12)

+(1− 𝐹𝑠(𝑅
𝑤
𝑏 ))

∫︁ 1

0
[𝜃(𝑅−𝑅𝑤

𝑏 )− 𝐼]𝑞𝐴𝑤(𝜃)𝑞
𝐵
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 ,

and following the same reasoning, we set 𝑅𝑤
𝑏 = 0 and simplify to find

𝑉𝑤 = 𝑉𝑤(𝐹𝑠,0) =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑤(𝜃)

(︂
1− 𝜃𝐴𝑤

𝜃𝐴𝑠
𝑞𝐴𝑠 (𝜃)

)︂
𝜑(𝜃)𝑑𝜃

The strong technology impacts the weak bank’s expected profit in two ways, as shown in the
expression in parentheses. First, note that it is similar to 1 − 𝑞𝐴𝑠 (𝜃) = 𝑞𝐵𝑠 (𝜃), and is a result of
the winner’s curse the weak bank may suffer from. On the other hand, we see the ratio 𝜃𝐴𝑤/𝜃

𝐴
𝑠

attenuating the effect of the winner’s curse. This is because, as we discussed, the strong bank
can offer lower compensations due to being able to better screen firms. Then, this gives the weak
bank an advantage, since it can announce higher compensations and get the best firms more
often.



Capítulo 7

Welfare, Efficiency, and Credit
Rationing

So far, we analyzed three types of interbank competition. In the first one, firms’ information
is public knowledge, and banks know exactly the probability of success of their projects. Then,
we introduced asymmetric information between borrowers and lenders, so that two identical
banks now have to perform an imperfect test to verify if firms are creditworthy or not. Lastly,
we considered a competition with lenders differing in their abilities to screen firms.

Now, we turn to the question of how each scenario fares when it comes to lending efficiency
and the welfare of lenders and borrowers. By efficiency we mean the capacity of both banks to
provide credit to firms that are creditworthy while correctly leaving firms of type 𝜃 < 𝜃 with
nothing.

Welfare, on the other hand, is concerned with banks’ profits and firms’ compensations. Note
that these may be at odds with each other. By reducing compensations offered to noncreditworthy
firms, for example, banks may see an increase in their profits. Then, for each case, we also evaluate
the total welfare of lenders and borrowers.

Efficiency and welfare are two different measures one can use to verify how well the interbank
competition works. Banks care about their profits, and being efficient is a desirable feature of
their business. On the other hand, if one is concerned with firms’ ability to obtain credit and
pursue their projects, firms’ welfare is a bigger concern than efficiency.

Let us first look at how efficient banks are when lending in each scenario. But before we
begin, it is useful to establish a measure of efficiency. We want to evaluate how well banks
successfully lend to firms of type 𝜃 ≥ 𝜃 while at the same time avoiding to sign a credit contract
with noncreditworthy firms. Then, the measure we use is the difference between the percentages
of creditworthy and noncreditworthy firms that obtain credit (henceforth denoted by 𝑒). So, if
every creditworthy firm gets offered a compensation while none of the other group does, 𝑒 = 1.
But if the opposite happens, 𝑒 = −1. Also, for the case in which every type of firm obtains
credit, 𝑒 = 0. We choose to work with percentages in order to exclude the effect of the market
distribution of firms 𝜑(𝜃). Otherwise, the effect of the quality of the potential borrowers in the
market would be entangled with the actual efficiency of the interbank competition in allocating
credit.

We start with the case of symmetric information. Clearly, since banks know exactly the type
of each firm that wants to sign a credit contract, they end up lending only to creditworthy firms,
so 𝑒 = 1. This is the best case in terms of efficiency due to lenders being able to access firms’
information.

Now, consider the case of asymmetric information with two identical banks of type 𝑖 ∈ {𝑤,𝑠}.
The efficiency of this competition is given by
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𝑒 =

∫︀ 1
𝜃 (1− 𝑞𝐵𝑖 (𝜃)

2)𝜑(𝜃)𝑑𝜃∫︀ 1
𝜃 𝜑(𝜃)𝑑𝜃

−
∫︀ 𝜃
0 (1− 𝑞𝐵𝑖 (𝜃)

2)𝜑(𝜃)𝑑𝜃∫︀ 𝜃
0 𝜑(𝜃)𝑑𝜃

. (7.1)

The expression (1− 𝑞𝐵𝑖 (𝜃)
2), as we already pointed out, is the probability that a firm of type 𝜃 is

classified as creditworthy by at least one bank. Then, the first term is the fraction of creditworthy
firms that receive a compensation, and the second term is the fraction of noncreditworthy firms
that also manage to sign a credit contract.

Using our definition of weak and strong banks, which satisfy Assumption 3, we can say that
the strong bank is more efficient than the weak bank. Then, two strong banks competing in the
credit market are more efficient than two weak banks, and the competition between a weak and
a strong bank is an intermediary between the two previous cases:

𝑒 =

∫︀ 1
𝜃 (1− 𝑞𝐵𝑤 (𝜃)𝑞

𝐵
𝑠 (𝜃))𝜑(𝜃)𝑑𝜃∫︀ 1

𝜃 𝜑(𝜃)𝑑𝜃
−

∫︀ 𝜃
0 (1− 𝑞𝐵𝑤 (𝜃)𝑞

𝐵
𝑠 (𝜃))𝜑(𝜃)𝑑𝜃∫︀ 𝜃

0 𝜑(𝜃)𝑑𝜃
. (7.2)

The moral of the story here is that the more banks are able to know firms’ types, the more
efficient they are in allocating credit. This comes as no surprise. Indeed, the more interesting
thing is the interplay between efficiency and welfare, and we turn our attention to the latter now.

When we talk about welfare, we are interested in banks’ expected profits and firms’ expected
compensations. Usually, these two quantities go in opposite directions, so we also look at the
total welfare in each scenario.

Starting with the case of symmetric information, we have already seen that banks obtain an
expected profit of zero, behaving as if they were in a competitive market. A noncreditworthy firm
does not receive any compensations, while firms with type 𝜃 ≥ 𝜃 obtain an expected compensation
of

𝐶𝜃 = 𝜃𝑅− 𝐼 . (7.3)

Taking into account all the firms in the market, the total expected compensation is given by

𝐶 =

∫︁ 1

𝜃
(𝜃𝑅− 𝐼)𝜑(𝜃)𝑑𝜃 , (7.4)

which is also the total welfare in this market. Then, the higher the return of the project 𝑅, the
lower the investment needed 𝐼, and the better the distribution 𝜑(𝜃) of firms in the market, the
higher is 𝐶.

In a market with two equal banks of type 𝑖 ∈ {𝑤,𝑠}, we found that their expected profit is

𝑉 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑖 (𝜃)𝑞

𝐵
𝑖 (𝜃)𝜑(𝜃)𝑑𝜃 . (7.5)

When comparing the expected profits for weak and strong banks, we notice that the better
technology is able to select a better pool of firms in category 𝐴, but it also worsens the winner’s
curse for the lender that offers a lower compensation. If it can only lend to borrowers that were
rejected by the other bank, then there is a higher probability that these borrowers are indeed
noncreditworthy.

When we look to the side of the firms, let 𝑖 ∈ {𝑤,𝑠} index the type of technology lenders use
and 𝑗,𝑘, 𝑗 ̸= 𝑘, index each bank. The expected compensation a firm of type 𝜃 receives is given
by

𝐶𝜃 = 𝜃(𝑞𝐴𝑖 (𝜃)
2𝐸[max{𝑅𝑖

𝑏,𝑗 ,𝑅
𝑖
𝑏,𝑘}] + 2𝑞𝐴𝑖 (𝜃)𝑞

𝐵
𝑖 (𝜃)𝐸[𝑅𝑖

𝑏]) . (7.6)

The first term is the expected compensation the firm obtains if it is deemed to be creditworthy
by both banks. In this case, it chooses to sign a contract with the lender that offers a higher
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compensation. The second term is the case in which the borrower is accepted by only one bank.
Since banks are identical, we multiply this by two. Also, remember that firms only obtain a
compensation if the project is successful, so the whole expression is multiplied by the probability
of success 𝜃. Taking all firms in consideration, the total expected compensation the market
receives is simply

𝐶 =

∫︁ 1

0
𝐶𝜃𝜑(𝜃)𝑑𝜃 , (7.7)

and the total welfare in the case of identical banks is

𝑊 = 2𝑉 + 𝐶 . (7.8)

When we consider the scenario of asymmetric competition in which a weak and a strong bank
compete in the credit market, there is a slight change in the expected profits and compensations
we obtained previously. As we have seen, the expected profit of the strong bank is

𝑉𝑠 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝑞

𝐵
𝑤 (𝜃)𝜑(𝜃)𝑑𝜃 , (7.9)

while the one for the weak bank is

𝑉𝑤 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑤(𝜃)

(︂
1− 𝜃𝐴𝑤

𝜃𝐴𝑠
𝑞𝐴𝑠 (𝜃)

)︂
𝜑(𝜃)𝑑𝜃 .

Also, a borrower of type 𝜃 now receives an expected compensation of

𝐶𝜃 = 𝜃(𝑞𝐴𝑠 (𝜃)𝑞
𝐴
𝑤(𝜃)𝐸[max{𝑅𝑤

𝑏 ,𝑅
𝑠
𝑏}] + 𝑞𝐴𝑠 (𝜃)𝑞

𝐵
𝑤 (𝜃)𝐸[𝑅𝑠

𝑏] + 𝑞𝐵𝑠 (𝜃)𝑞
𝐴
𝑤(𝜃)𝐸[𝑅𝑤

𝑏 ]) , (7.10)

and we integrate once again over all borrowers in the market to find the total expected compen-
sation 𝐶. Then, the total welfare is now

𝑊 = 𝑉𝑠 + 𝑉𝑤 + 𝐶 . (7.11)

The other side of the coin in this discussion of efficiency and welfare is to look at those firms
that suffer from credit rationing. A would-be borrower is considered to be rationed if it cannot
obtain the loan it wants, even though it is willing to pay the required interest rate. In our case,
these are the firms with type 𝜃 ≥ 𝜃 which are nevertheless considered to be noncreditworthy due
to an imperfect screening technology.

First, when we consider the case of symmetric information, note there is no credit rationing,
since banks know firms’ types and therefore can accurately lend to every creditworthy borrower.
In fact, it is well known that credit rationing is a result of asymmetric information in the credit
market.

What makes our case different from the traditional ones in the literature is that, instead of
using the interest rate or collateral requirements as screening devices, the banks in our model
actually conduct creditworthiness tests in order to alleviate the effects of asymmetric information.
Since these tests are imperfect, some creditworthy firms are simply unable to obtain credit.

Also note that, differently from the traditional models of credit rationing, moral hazard
plays no role when evaluating potential borrowers and defining a compensation to offer. The
probability of success of the firms’ projects depend only on the characteristics they possess at
the time of the test, and is not related to the compensations they are offered if they pass the
test. Then, the only source of credit rationing here is the imperfect way in which banks try to
deal with the effects of adverse selection.

In the competition with asymmetric information, the measure of credit rationing in the
market is given by the proportion of creditworthy firms that are mistakenly allocated in category



20

𝐵 by both banks and therefore do not obtain credit. For the case of identical banks, this is given
by

𝐶𝑅 =

∫︀ 1
𝜃 𝑞𝐵𝑖 (𝜃)

2𝜑(𝜃)𝑑𝜃∫︀ 1
𝜃 𝜑(𝜃)𝑑𝜃

, (7.12)

while for the case of asymmetric competition, it is

𝐶𝑅 =

∫︀ 1
𝜃 𝑞𝐵𝑠 (𝜃)𝑞

𝐵
𝑤 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

𝜃 𝜑(𝜃)𝑑𝜃
. (7.13)

Since credit rationing is a result of asymmetric information, it seems to follow the same rationale
as our discussion on efficiency. The better the screening technology banks use when conducting
their creditworthiness tests, the smaller is the impact of credit rationing in the market. As we
will see, this is not always the case.

Many of the concepts in this section require a numerical analysis of our model in order to
obtain more concrete insights and get a better grasp on the impact of different technologies on
our results. Then, we analyze some numerical results in the next section.



Capítulo 8

Numerical Analysis

In order to perform a numerical analysis of our model, we need to define the shape of the
technology functions 𝑞𝐴𝑖 (𝜃), 𝑖 ∈ {𝑤,𝑠}, the distribution of firms 𝜑(𝜃), as well as the parameters
𝐼 and 𝑅.

Starting with 𝑞𝐴𝑖 (𝜃), we choose the family of regularized incomplete beta functions with a
single parameter, Ω𝑖, which determines the quality of the technology. The higher Ω𝑖, the better
is the technology, so Ω𝑠 > Ω𝑤. Also, the probability density function of the beta distribution
was chosen for the distribution of firms. In particular, we set 𝜑(𝜃) = 𝑏(𝜃; 2, 2) (Figure 1).

Figura 8.1: Firms’ distribution of types given by 𝜑(𝜃) = 𝑏(𝜃; 2, 2).

For the parameters, we fix 𝐼 = 1 and set 𝑅 = 2.55 as the base value of the project’s return.
In order to verify the impact of a change in 𝑅 in our results, we also choose it to be 𝑅 = 2.4
and 𝑅 = 2.7. As for the screening technologies, we fix Ω𝑤 = 3 and set Ω𝑠 = 15 as its base
value (Figure 2). We also choose Ω𝑠 = 10 and Ω𝑠 = 20 to verify the effects of a decrease and
an increase, respectively, in the technological gap of banks. These values were chosen so that
Assumptions 2 and 3, as well as the participation conditions, are satisfied.

We begin our analysis with the competition between identical banks. We consider that lenders
can have any of the four levels of technology, and first analyze the number of firms allocated in
different categories. The results are displayed in Table 1. Notice that, for the functions that
were chosen for this analysis, the same number of firms are allocated to categories 𝐴 and 𝐵,
independently of the quality of the technology. Also, as expected, the better the technology, the
more creditworthy firms are allocated in category 𝐴. Similarly, the number of firms that are
rejected by one lender and accepted by the other decreases as the technology gets better.

Next, Table 2 displays the average quality of borrowers allocated in different categories. For
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Figura 8.2: Screening technologies 𝑞𝐴𝑤(𝜃) and 𝑞𝐴𝑠 (𝜃) given by regularized incomplete beta functions with a single parameter,
with Ω𝑤 = 3 and Ω𝑠 = 15.

Ω 3 10 15 20
𝑙𝐴 0.500 0.500 0.500 0.500
𝑙𝐵 0.500 0.500 0.500 0.500
𝑙𝐴𝑐𝑤 0.456 0.488 0.493 0.496
𝑙𝐴𝐵 0.146 0.089 0.074 0.065

Tabela 8.1: Number of firms allocated in different categories according to banks’ technologies for the case of symmetric
competition.

Ω 3 10 15 20
𝜃𝐴 0.643 0.671 0.676 0.679
𝜃𝐵 0.357 0.329 0.324 0.321
𝜃𝐴𝐵 0.500 0.500 0.500 0.500

Tabela 8.2: Average type of firms allocated in different categories according to banks’ technologies for the case of symmetric
competition.

category 𝐴, it increases as the technology gets better. The opposite happens for category 𝐵.
Also, due to the functions used in the analysis, the third line of Table 2 does not change with
the technology.

Now, we will take a look at the equilibrium expected profits, 𝑉 , and the upper bound of
the support, 𝑅*

𝑏 , for the different types of technologies. The results are displayed on Table
3. The better the technology, the smaller is the equilibrium profit, which is consistent with
the results found on the case of symmetric information. Also, banks can afford to offer higher
compensations. Table 4 shows a similar analysis, but varying the project’s returns 𝑅. We see
that all three variables move in the same direction.

Ω 3 10 15 20
𝑉 0.040 0.025 0.020 0.018
𝑅*

𝑏 0.870 0.986 1.010 1.024

Tabela 8.3: Expected profits and upper bound of support of compensations according to banks’ technologies for the case of
symmetric competition.

We turn then to the competition with asymmetric banks. Table 5 shows that both banks lend
to the same number of firms when they can only lend to the ones the other rejected. Furthermore,
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𝑅 2.40 2.55 2.70
𝑉 0.029 0.040 0.051
𝑅*

𝑏 0.754 0.870 0.986

Tabela 8.4: Expected profits and upper bound of support of compensations according to project’s returns for the case of
symmetric competition.

this number decreases when there is a bigger technological gap. On the other hand, according to
Table 6, the weak bank suffers a more severe winner’s curse when the technological disparities
increase.

Table 7 shows the equilibrium profits for the weak and strong banks, 𝑉𝑤 and 𝑉𝑠, as well as
the the upper bound of compensations, 𝑅†

𝑏. The greater the technological gap, the greater is the
difference in banks’ expected profits. This contrasts with the case of symmetric competition. In
the previous case, a better technology is worse for both banks. Here, the strong bank benefits
from it, while it is harmful to the weak bank. Also, 𝑅†

𝑏 behaves in the same way as 𝑅*
𝑏 , as

expected.

Ω𝑠 10 15 20
𝑙𝐴𝐵
𝑤 0.122 0.118 0.116
𝑙𝐴𝐵
𝑠 0.122 0.118 0.116

Tabela 8.5: Number of firms allocated in different categories according to the strong bank’s technology for the case of
asymmetric competition.

Ω𝑠 10 15 20
𝜃𝐴𝐵
𝑤 0.443 0.430 0.422
𝜃𝐴𝐵
𝑠 0.557 0.570 0.578

Tabela 8.6: Average type of firms to which a bank lends, given that they were rejected by their competitor, according to
the strong bank’s technology for the case of asymmetric competition.

Ω𝑠 10 15 20
𝑉𝑤 0.028 0.026 0.025
𝑉𝑠 0.052 0.054 0.055
𝑅†

𝑏 0.906 0.912 0.916

Tabela 8.7: Expected profits and upper bound of support of compensations according to the strong bank’s technology for
the case of asymmetric competition.

Let us look now at the question of efficiency and how well each kind of competition fares
in this matter. We denote the efficiency of the symmetric competition by 𝑒𝑠𝑦𝑚, and by 𝑒𝑎𝑠𝑦𝑚
the efficiency of the asymmetric competition. The results of the former are exposed on Table 8,
while Table 9 displays the results for the latter. They are in accordance with our discussion in
the previous section, in which we argued that the strong bank is more efficient than the weak
bank.

Ω 3 10 15 20
𝑒𝑠𝑦𝑚 0.629 0.788 0.813 0.823

Tabela 8.8: Efficiency of the symmetric competition according to banks’ technologies.

When we consider welfare, we will look at banks’ profits, firms’ compensations and total
welfare. Our aim is to see how each component changes when we consider a change in technology.
Starting with the symmetric competition (Table 10), we have already pointed out that there is a
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Figura 8.3: Distributions of the weak and strong banks, 𝐹𝑤(𝑟) and 𝐹𝑤(𝑟).

Ω 10 15 20
𝑒𝑎𝑠𝑦𝑚 0.708 0.721 0.727

Tabela 8.9: Efficiency of the asymmetric competition according to the strong bank’s technology.

decrease in banks’ profits as the technology improves. What we see here is that not only firm’s
compensations increase, but they compensate the loss in profits so that the total welfare increases
overall.

Ω 3 10 15 20
2𝑉 0.080 0.049 0.041 0.036
𝐶 0.280 0.331 0.341 0.347
𝑊 0.360 0.380 0.382 0.383

Tabela 8.10: Banks’ profit, firms’ compensation and total welfare of the symmetric competition according to banks’ tech-
nologies.

The asymmetric competition tells quite a different story when we look at Table 11. Even
though the technological gap increases, we see that the total profit remains constant. The
increase in the strong bank’s profit is exactly offset by the decrease in the weak bank’s profit,
but compensations increase nonetheless.

Ω 10 15 20
𝑉𝑠 + 𝑉𝑤 0.080 0.080 0.080

𝐶 0.287 0.289 0.289
𝑊 0.367 0.369 0.369

Tabela 8.11: Banks’ profits, firms’ compensation and total welfare of the asymmetric competition according to the strong
bank’s technology.

Last but not least, we check how credit rationing is affected by a technological change. The
results for the symmetric and asymmetric competitions are represented in Tables 12 and 13,
respectively, and they actually go against our intuition. Both scenarios show that, when there
is an improvement on the the screening technology, the proportion of creditworthy firms that
suffer from credit rationing actually increases. Again, this is due to the specific parameters and
functions we have chosen for this analysis. This result sheds light on the fact that the relationship
between technology and credit rationing is not as simple as one may think.
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Ω 3 10 15 20
𝐶𝑅 0.140 0.142 0.149 0.155

Tabela 8.12: Credit rationing in the symmetric competition according to banks’ technologies.

Ω 10 15 20
𝐶𝑅 0.136 0.136 0.137

Tabela 8.13: Credit rationing in the asymmetric competition according to banks’ technologies.



Capítulo 9

Discussions and Conclusion

This section is concerned with the discussion of some results and possible extensions of this
work. The first inquiry one can make concerns Assumption 2. If we relax this condition, it may
be the case that providing credit to firms in category 𝐵 leads to expected profits for the banks.
In fact, they could offer a different compensation to this class of firms, one which leads banks to
maximize profits.

This discussion is in agreement with how firms are categorized according to credit ratings
by agencies and banks. In particular, firms considered to be of prime rating and those deemed
to be of speculative grade face different dynamics when trying to obtain credit. Then, in order
to obtain some useful insights about the lending market, the introduction of categories with
different compensations seems to be a valuable extension to our model.

Another aspect of our work that is worth of scrutiny is the fact that we consider a competition
between just two banks. Broecker (1990), on the other hand, considers the competition among
many banks and finds what the optimal number of lenders in the economy is. We can think about
this extension not only with identical banks, but also in the case of asymmetric competition. We
can think about how the proportion of strong and weak banks in the lending market affects
profits, compensations, and welfare.

When we analyzed the scenario with asymmetric lenders, we did not give any context as to
what makes one bank the strong one and the other the weak one. One possible explanation is
the one used by Hauswald and Marquez (2003), according to which the strong bank has a deeper
lending relationship with firms, and therefore is more able to screen them than the weak bank.

Another one is used in the work of He, Huang, and Zhou (2023), which is situational. A
traditional bank and a fintech lender compete in the credit market. The first one takes advantage
of a big customer base whose data is used in the screening tests. The fintech lender, on the other
hand, is equipped with a more advanced technology to make use of the data. Then, when there
is no open banking, the traditional bank is the strong one, but the fintech lender gains the
advantage when open banking is introduced.

Applying this context to our model, we can think about introducing lending costs to the
fintech lender due to its difficulty in obtaining funds when compared to a traditional bank.
When the fintech lender is the weak bank, this only makes it even weaker. But when there is
open banking available, it is not clear what is the impact of lending costs on the equilibrium.

It is also worth comparing some of the results obtained here with the ones established in the
literature. Hauswald and Marquez (2003) use the results established by Engelbrecht-Wiggans,
Milgrom, and Weber (1983) to conclude that the weak bank makes zero expected profits. This
is due to the fact that this lender has no screening ability. He, Huang, and Zhou (2023) reach
the same conclusion, but this time the weak lender is endowed with a screening technology. Our
results show that the weak bank need not only break even in expectation, and can in fact attain
positive expected profits.

On the other hand, a similarity between our work and He, Huang, and Zhou (2023) is that, in
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equilibrium, the compensations distribution of the weak bank first-order stochastically dominates
the strong bank’s distribution. In their case, the strong lender charges a higher interest rate on
average. They conclude that this is because the weak bank chooses not to lend sometimes, so
the strong lender can act as the only credit supplier. What we see here is that a better screening
technology relaxes the trade-off involved when the strong lender chooses a compensation to offer.
Therefore, it can afford to offer lower compensations on average.

They also conclude that all borrowers suffer when the strong lender has a higher screening
ability. Contrary to this statement, during our numerical analysis, we at least found a case in
which compensations are not affected by different technological gaps.

Our last considerations concern our numerical analysis and Assumption 3. We see that the
functions 𝑞𝐴𝑖 (𝜃), 𝑖 ∈ {𝑤,𝑠}, the distribution 𝜑(𝜃), and 𝜃 are all important when satisfying this
assumption. When changing one of these variables, it may be that Assumption 3 is no longer
true. Then, particular choices of functions and parameters may lead to different conclusions than
the ones we obtained.

In particular, we found some surprising results when analyzing credit rationing. Depending
on the firms’ distribution 𝜑(𝜃) in the market and the investment conditions (𝐼 and 𝑅), a better
technology may aggravate the credit rationing for creditworthy firms.

It is also important to find some class of functions that can be used as screening technologies
which, together with 𝜃, are robust to changes in the distribution of firms 𝜑(𝜃) (in the sense of
Assumption 3 being satisfied). This will allow us to verify how different distributions can impact
welfare.

In conclusion, this work builds on decades of literature on the credit market competition and
credit rationing. By introducing some complexity in the model in the form of firms’ types and
banks’ screening technologies, we hoped to confirm some well-established results as well as shed
light on previously neglected aspects of the credit market competition.
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Appendix

Appendix 1

For 𝐶 = 𝐴,𝐵, the technology 𝑞𝐶(𝜃) is defined as the probability that a firm is assigned to 𝐶
given that it is of type 𝜃. In order to find the expression for the average type of the borrowers
assigned to category 𝐶, 𝜃𝐶 , it is necessary to use Bayes’ rule.

Since there is a continuum of borrowers of measure 1, the probability that a firm is assigned
to 𝐶 is simply

𝑙𝐶 =

∫︁ 1

0
𝑞𝐶(𝜃)𝜑(𝜃)𝑑𝜃 . (10.1)

Also, the probability distribution of types of firms is 𝜑(𝜃). Then, using Bayes’ rule, the conditional
probability distribution function of 𝜃 given 𝐶, 𝑡(𝜃|𝐶), is

𝑡(𝜃|𝐶) =
𝑞𝐶(𝜃)𝜑(𝜃)

𝑙𝐶
. (10.2)

Therefore, 𝜃𝐶 is given by

𝜃𝐶 =

∫︀ 1
0 𝜃𝑞𝐶(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐶(𝜃)𝜑(𝜃)𝑑𝜃

. (10.3)

Appendix 2

It is shown here that 𝜃𝐵 < 𝜃 < 𝜃𝐴. Since 𝑞𝐴(𝜃) is monotonic, then Cov(𝜃,𝑞𝐴(𝜃)) > 0. That
is,

𝐸(𝜃𝑞𝐴(𝜃))− 𝐸(𝜃)𝐸(𝑞𝐴(𝜃)) > 0∫︁ 1

0
𝜃𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 −

∫︁ 1

0
𝜃𝜑(𝜃)𝑑𝜃

∫︁ 1

0
𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 > 0∫︁ 1

0
𝜃𝜑(𝜃)𝑑𝜃 <

∫︀ 1
0 𝜃𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃

. (10.4)

This means that 𝜃 < 𝜃𝐴. Then, substituting 𝑞𝐴(𝜃) = 1− 𝑞𝐵(𝜃), we find

𝜃 <
𝜃 −

∫︀ 1
0 𝜃𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃

1−
∫︀ 1
0 𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃

. (10.5)

This expression can be rearranged to obtain 𝜃𝐵 < 𝜃. We conclude that, by assuming monotoni-
city, the technology is informative when separating firms in categories 𝐴 and 𝐵.
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Appendix 3

The assumption states that 𝜃𝐵 < 𝜃, or∫︀ 1
0 𝜃𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃

< 𝜃 . (10.6)

Substituting 𝑞𝐵(𝜃) = 1− 𝑞𝐴(𝜃) and rearranging, we obtain

𝜃 +
𝜃 − 𝜃

𝑙𝐴
< 𝜃𝐴 . (10.7)

Then, if 𝜃 ≥ 𝜃, we find that 𝜃 < 𝜃𝐴. Otherwise, nothing can be said a priori.

Appendix 4

We start with the case where no bank provides credit. This cannot be an equilibrium, since
any bank would have an incentive to provide credit offering borrowers a compensation 𝑅𝑏 = 0.
Now, suppose that one bank provides credit with compensation 𝑅*

𝑏 . For an equilibrium, it is
necessary that 𝑅*

𝑏 = 0, since otherwise the bank could lower borrowers’ returns and increase its
profit. But if this is the case, their competitor could enter the market and make a profit by
offering 𝑅′

𝑏 > 𝑅*
𝑏 . Finally, suppose both banks are in the market, and consider first the case

where they offer different returns. This again cannot be an equilibrium, since the bank offering
higher returns could lower them and make more profit.

There remains the scenario where both banks offer the same compensation. Let 𝜃1 be the
average type of firms that sign a contract with a bank if it offers a higher compensation, and
𝜃2 be the average type of borrowers who sign a credit contract with the lenders when 𝑅𝑖

𝑏 = 𝑅𝑗
𝑏.

The compensation it needs to offer to break even in the first case is given by 𝑅− 𝐼/𝜃1, while for
the second case, it is 𝑅− 𝐼/𝜃2.

If both banks offer the same compensation 𝑅†
𝑏, with 𝑅−𝐼/𝜃2 < 𝑅†

𝑏 < 𝑅−𝐼/𝜃1, they make an
expected loss. This cannot be an equilibrium, since one of them would raise its offered returns,
and as we have already seen, this would not work either.

If 𝑅†
𝑏 = 𝑅−𝐼/𝜃1, again both make expected losses, but this time one of them has an incentive

to decrease the offered returns to zero. As it was already pointed out, this is not an equilibrium
either.

Then, let both of them offer 𝑅†
𝑏 ≤ 𝑅− 𝐼/𝜃2. Without loss of generality, we consider for bank

𝑖 the effect of slightly increasing its announced returns. Let 𝑔(𝑅†
𝑏) be the difference between bank

𝑖’s profits:

𝑔(𝑅†
𝑏) = lim

𝑠→𝑅†+
𝑏

𝜋𝑖(𝑠,𝑅†
𝑏)− 𝜋𝑖(𝑅†

𝑏,𝑅
†
𝑏) =

=

∫︁ 1

0
[𝜃(𝑅−𝑅†

𝑏)− 𝐼]

(︂
𝑞𝐴(𝜃)− 1

2
(1− 𝑞𝐵(𝜃)2)

)︂
𝜑(𝜃)𝑑𝜃 . (10.8)

Taking its derivative with respect to 𝑅†
𝑏, we obtain

𝑑𝑔(𝑅†
𝑏)

𝑑𝑅†
𝑏

= −
∫︁ 1

0
𝜃

(︂
𝑞𝐴(𝜃)− 1

2
(1− 𝑞𝐵(𝜃)2)

)︂
𝜑(𝜃)𝑑𝜃 < 0 , (10.9)

since the term in parentheses is nonnegative in the interval of integration. If 𝑅†
𝑏 = 𝑅 − 𝐼/𝜃2,

𝑔(𝑅†
𝑏) is positive by definition, since the second term is zero. Therefore, 𝑔(𝑅†

𝑏) is positive for
𝑅†

𝑏 ≤ 𝑅 − 𝐼/𝜃2, which means banks have an incentive to increase the returns offered to raise
their profit. We conclude there is no Nash equilibrium in pure strategies.
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Appendix 5

Suppose that the distribution has a mass point, so that 𝐹 (0) > 0. Consider bank 𝑖. In
equilibrium, it must be indifferent when choosing 𝑅𝑖

𝑏. In particular, if 𝑅𝑗
𝑏 = 0, this means that

lim
𝑅𝑖

𝑏→0+
𝑉𝑖(𝐹,𝑅

𝑖
𝑏) = 𝑉𝑖(𝐹,0) . (10.10)

On the left side, we have lender 𝑖’s expected profit if it offers a higher compensation than lender
𝑗, while on the right side, there is bank 𝑖’s expected profit if it also offers 𝑅𝑖

𝑏 = 0. Then,

𝐹 (0)

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 = 𝐹 (0)

1

2

∫︁ 1

0
(𝜃𝑅− 𝐼)(1− 𝑞𝐵(𝜃)2)𝜑(𝜃)𝑑𝜃 , (10.11)

and simplifying this, we obtain

𝐹 (0)

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴(𝜃)2𝜑(𝜃)𝑑𝜃 = 0 . (10.12)

Now, since the integral is positive, it must be that 𝐹 (0) = 0, which is a contradiction. Therefore,
the distribution 𝐹 (𝑟) does not have a mass point at 0.

Appendix 6

Due to the symmetric nature of the interbank competition, we take the point of view of bank
𝑖. Its expected profit is given by

𝑉𝑖(𝐹,𝑅
𝑖
𝑏) = 𝐹 (𝑅𝑖

𝑏)

∫︁ 1

0
[𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼]𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃+

+(1− 𝐹 (𝑅𝑖
𝑏))

∫︁ 1

0
[𝜃(𝑅−𝑅𝑖

𝑏)− 𝐼]𝑞𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃 . (10.13)

Our objective is to find the distribution 𝐹 (𝑟) such that the bank is indifferent when sorting any
compensation from it. Before we start, it is useful to define the following:

𝛼 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 , (10.14)

𝛽 =

∫︁ 1

0
𝜃𝑞𝐴(𝜃)𝜑(𝜃)𝑑𝜃 , (10.15)

𝛾 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃 , (10.16)

𝛿 =

∫︁ 1

0
𝜃𝑞𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃 . (10.17)

Then, in order to maximize the expected profit, we take the derivative with respect to 𝑅𝑖
𝑏

and equal to zero:

𝑑𝑉𝑖(𝐹,𝑅
𝑖
𝑏)

𝑑𝑅𝑖
𝑏

= 0 . (10.18)

This leads to a first-order differential equation:

𝐹 ′(𝑅𝑖
𝑏) =

∫︀ 1
0 𝜃𝑞𝐴(𝜃)2𝜑(𝜃)𝑑𝜃 × 𝐹 (𝑅𝑖

𝑏) +
∫︀ 1
0 𝜃𝑞𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 (𝜃𝑅− 𝐼)𝑞𝐴(𝜃)2𝜑(𝜃)𝑑𝜃 −
∫︀ 1
0 𝜃𝑞𝐴(𝜃)2𝜑(𝜃)𝑑𝜃 ×𝑅𝑖

𝑏

. (10.19)
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Given that it is separable, we solve it to obtain

𝐹 (𝑅𝑖
𝑏) =

𝐾

(𝛼− 𝛾)− (𝛽 − 𝛿)𝑅𝑖
𝑏

− 𝛿

𝛽 − 𝛿
, (10.20)

where 𝐾 is a constant. In order to determine what this constant is, we use the fact that 𝐹 (0) = 0
(proven in Appendix 4). 𝐾 is then

𝐾 =
(𝛼− 𝛾)𝛿

𝛽 − 𝛿
. (10.21)

Last but not least, substituting 𝐾 and the predefined variables, we obtain the distribution

𝐹 (𝑅𝑖
𝑏) =

∫︀ 1
0 𝜃𝑅𝑖

𝑏𝑞
𝐴(𝜃)𝑞𝐵(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 [𝜃(𝑅−𝑅𝑖
𝑏)− 𝐼]𝑞𝐴(𝜃)2𝜑(𝜃)𝑑𝜃

. (10.22)

Appendix 7

Before we show the results of Proposition 5, we start by demonstrating that the second
condition of Assumption 3, ∫︁ 1

𝜃
𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 ≥

∫︁ 1

𝜃
𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃 , (10.23)

can be expressed as ∫︁ 1

0
𝜃𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 ≥

∫︁ 1

0
𝜃𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃 . (10.24)

For 𝑖 ∈ {𝑤,𝑠}, we rewrite the first integral as∫︁ 1

𝜃
𝑞𝐴𝑖 (𝜃)𝜑(𝜃)𝑑𝜃 = −

∫︁ 𝜃

1
𝑞𝐴𝑖 (𝜃)𝜑(𝜃)𝑑𝜃 , (10.25)

and integrate it with respect to 𝜃:

−
∫︁ 1

0

∫︁ 𝜃

1
𝑞𝐴𝑖 (𝜃)𝜑(𝜃)𝑑𝜃𝑑𝜃 =

= −𝜃

∫︁ 𝜃

1
𝑞𝐴𝑖 (𝜃)𝜑(𝜃)𝑑𝜃

⃒⃒⃒⃒
⃒
1

0

+

∫︁ 1

0
𝜃𝑞𝐴𝑖 (𝜃)𝜑(𝜃)𝑑𝜃 =

=

∫︁ 1

0
𝜃𝑞𝐴𝑖 (𝜃)𝜑(𝜃)𝑑𝜃 . (10.26)

With this result at hand, let us first show that 𝜃𝐵𝑤 > 𝜃𝐵𝑠 . Under Assumption 3,

𝜃𝐵𝑤 =
𝜃 −

∫︀ 1
0 𝜃𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃

1−
∫︀ 1
0 𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃

>
𝜃 −

∫︀ 1
0 𝜃𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

1−
∫︀ 1
0 𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

= 𝜃𝐵𝑠 . (10.27)

Second, 𝜃𝐴𝐵
𝑤 < 𝜃𝐴𝐵

𝑠 is proven in a similar fashion:

𝜃𝐴𝐵
𝑤 =

∫︀ 1
0 𝜃𝑞𝐴𝑤(𝜃)𝑞

𝐵
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 𝑞𝐴𝑤(𝜃)𝑞
𝐵
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

= (10.28)

∫︀ 1
0 𝜃𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃 −

∫︀ 1
0 𝜃𝑞𝐴𝑤(𝜃)𝑞

𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃 −
∫︀ 1
0 𝑞𝐴𝑤(𝜃)𝑞

𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

<
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<

∫︀ 1
0 𝜃𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 −

∫︀ 1
0 𝜃𝑞𝐴𝑤(𝜃)𝑞

𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 −
∫︀ 1
0 𝑞𝐴𝑤(𝜃)𝑞

𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

=

=

∫︀ 1
0 𝜃𝑞𝐵𝑤 (𝜃)𝑞

𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 𝑞𝐵𝑤 (𝜃)𝑞
𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

= 𝜃𝐴𝐵
𝑠 .

Last but not least, the last inequality of Proposition 5 is

𝜃𝐴𝑤 =

∫︀ 1
0 𝜃𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃

<

∫︀ 1
0 𝜃𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

= 𝜃𝐴𝑠 . (10.29)

Appendix 8

We start the proof by showing that the weak bank’s distribution 𝐹𝑤(𝑟) does not have a mass
point at 0. Suppose, by contradiction, that 𝐹𝑤(0) > 0, and let 𝑅𝑤

𝑏 = 0. Given that in equilibrium
the strong bank is indifferent when choosing its compensation, we have that

lim
𝑅𝑠

𝑏→0+
𝑉𝑠(𝐹𝑤,𝑅

𝑠
𝑏) = 𝑉𝑠(𝐹𝑤,0)

𝐹𝑤(0)

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 = 𝐹𝑤(0)

1

2

∫︁ 1

0
(𝜃𝑅− 𝐼)(1− 𝑞𝐵𝑤 (𝜃)𝑞

𝐵
𝑠 (𝜃))𝜑(𝜃)𝑑𝜃

𝐹𝑤(0)

∫︁ 1

0
(𝜃𝑅− 𝐼)(𝑞𝐴𝑠 (𝜃)− 𝑞𝐴𝑤(𝜃) + 𝑞𝐴𝑠 (𝜃)𝑞

𝐴
𝑤(𝜃))𝜑(𝜃)𝑑𝜃 = 0 (10.30)

Since the integral is positive, this is satisfied only if 𝐹𝑤(0) = 0, which is a contradiction. There-
fore, the distribution 𝐹𝑤(𝑟) does not have a mass point at 0.

Now, we are ready to find the equilibrium distributions 𝐹𝑤(𝑟) and 𝐹𝑠(𝑟), and will use a
similar approach used when we analyzed the case of equal banks. Starting with the strong bank,
its profit is given by

𝑉𝑠(𝐹𝑤,𝑅
𝑠
𝑏) = 𝐹𝑤(𝑅

𝑠
𝑏)

∫︁ 1

0
[𝜃(𝑅−𝑅𝑠

𝑏)− 𝐼]𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃+ (10.31)

+(1− 𝐹𝑤(𝑅
𝑠
𝑏))

∫︁ 1

0
[𝜃(𝑅−𝑅𝑠

𝑏)− 𝐼]𝑞𝐵𝑤 (𝜃)𝑞
𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 .

Note that it is the distribution of the weak bank that appears in this expression. In order to
maximize the expected profit, we take the derivative with respect to 𝑅𝑠

𝑏 and equal to zero:

𝑑𝑉𝑠(𝐹𝑤,𝑅
𝑠
𝑏)

𝑑𝑅𝑠
𝑏

= 0 . (10.32)

Before we continue, it is useful to introduce some auxiliary notation since some expressions
may become a bit cumbersome. Define:

𝛼 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 , (10.33)

𝛽 =

∫︁ 1

0
𝜃𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 , (10.34)

𝛿 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝑞

𝐵
𝑤 (𝜃)𝜑(𝜃)𝑑𝜃 , (10.35)

𝛾 =

∫︁ 1

0
𝜃𝑞𝐴𝑠 (𝜃)𝑞

𝐵
𝑤 (𝜃)𝜑(𝜃)𝑑𝜃 . (10.36)
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Then, we find a first-order differential equation

𝐹 ′
𝑤(𝑅

𝑠
𝑏)

𝛾 + (𝛽 − 𝛾)𝐹𝑤(𝑅𝑠
𝑏)

=
1

(𝛼− 𝛿) + (𝛾 − 𝛽)𝑅𝑠
𝑏

, (10.37)

which is solved to obtain

𝐹𝑤(𝑟) =
𝐾

(𝛼− 𝛿) + (𝛾 − 𝛽)𝑟
− 𝛾

𝛽 − 𝛾
, (10.38)

where 𝐾 is a constant. It will be useful to determine the compensation 𝑅†
𝑏 such that 𝐹𝑤(𝑅

†
𝑏) = 1.

Using the found distribution, we obtain

𝑅†
𝑏 =

𝛿 − 𝛼

𝛾 − 𝛽
− 𝐾

𝛽
. (10.39)

The weak bank, on the other hand, has an expected profit of

𝑉𝑤(𝐹𝑠,𝑅
𝑤
𝑏 ) = 𝐹𝑠(𝑅

𝑤
𝑏 )

∫︁ 1

0
[𝜃(𝑅−𝑅𝑤

𝑏 )− 𝐼]𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃+ (10.40)

+(1− 𝐹𝑠(𝑅
𝑤
𝑏 ))

∫︁ 1

0
[𝜃(𝑅−𝑅𝑤

𝑏 )− 𝐼]𝑞𝐴𝑤(𝜃)𝑞
𝐵
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 .

Again, we introduce some auxiliary notation:

𝜖 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃 , (10.41)

𝜂 =

∫︁ 1

0
𝜃𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃 , (10.42)

𝜆 =

∫︁ 1

0
(𝜃𝑅− 𝐼)𝑞𝐴𝑤(𝜃)𝑞

𝐵
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 , (10.43)

𝜇 =

∫︁ 1

0
𝜃𝑞𝐴𝑤(𝜃)𝑞

𝐵
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃 . (10.44)

Following the same steps as before, we obtain the distribution 𝐹𝑠(𝑟) determined up to a constant
𝐶:

𝐹𝑠(𝑟) =
𝐶

(𝜖− 𝜆) + (𝜇− 𝜂)𝑟
− 𝜇

𝜂 − 𝜇
. (10.45)

Now, both banks’ support must be the same, since otherwise the strong bank would offer
higher returns that the weak bank could not offer. But it does not make sense for the strong
bank to randomly offer a compensation that is higher for sure, because this hurts profits. It
could still get the best firms by offering lower returns. Therefore, it must be that 𝐹𝑠(𝑅

†
𝑏) = 1.

Substituting the expression we found for 𝑅†
𝑏, we find a relation between 𝐾 and 𝐶:

𝐾 =

∫︀ 1
0 𝜃𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1
0 𝜃𝑞𝐴𝑤(𝜃)𝜑(𝜃)𝑑𝜃

× 𝐶 . (10.46)

Since we established that 𝐹𝑤(0) = 0, we can use this to determine 𝐾 and therefore pin down
a unique distribution 𝐹𝑤(𝑟). We find that

𝐾 =

∫︀ 1
0 𝜃𝑞𝐴𝑠 (𝜃)𝑞

𝐵
𝑤 (𝜃)𝜑(𝜃)𝑑𝜃

∫︀ 1
0 (𝜃𝑅− 𝐼)𝑞𝐴𝑤(𝜃)𝑞

𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 𝜃𝑞𝐴𝑤(𝜃)𝑞
𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

, (10.47)

and the distribution of the weak bank is given by
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𝐹𝑤(𝑟) =

∫︀ 1
0 𝜃𝑟𝑞𝐵𝑤 (𝜃)𝑞

𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 [𝜃(𝑅− 𝑟)− 𝐼]𝑞𝐴𝑤(𝜃)𝑞
𝐴
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃

. (10.48)

We can also substitute 𝐾 in the expression of 𝑅†
𝑏 to find

𝑅†
𝑏 =

∫︀ 1
0 (𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝑞

𝐴
𝑤(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 𝜃𝑞𝐴𝑠 (𝜃)𝜑(𝜃)𝑑𝜃
. (10.49)

By finding 𝐾, we automatically obtain 𝐶:

𝐶 =
𝜂𝛾(𝛼− 𝛿)

𝛽(𝛽 − 𝛾)
. (10.50)

Substituting 𝐶 in the expression of 𝐹𝑠(𝑟) and simplifying, we find

𝐹𝑠(𝑟) =
(1− 𝜃𝐴𝑤/𝜃

𝐴
𝑠 )

∫︀ 1
0 (𝜃𝑅− 𝐼)𝑞𝐴𝑠 (𝜃)𝑞

𝐴
𝑤(𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 [𝜃(𝑅− 𝑟)− 𝐼]𝑞𝐴𝑠 (𝜃)𝑞
𝐴
𝑤(𝜃)𝜑(𝜃)𝑑𝜃

+

+

∫︀ 1
0 𝜃𝑟𝑞𝐴𝑤(𝜃)𝑞

𝐵
𝑠 (𝜃)𝜑(𝜃)𝑑𝜃∫︀ 1

0 [𝜃(𝑅− 𝑟)− 𝐼]𝑞𝐴𝑠 (𝜃)𝑞
𝐴
𝑤(𝜃)𝜑(𝜃)𝑑𝜃

. (10.51)

It is important to notice that the strong bank’s distribution has a mass point at 0:

𝐹𝑠(0) = 1− 𝜃𝐴𝑤
𝜃𝐴𝑠

. (10.52)

This is always greater than 1, since the second term is smaller than 1.
Last but not least, we show that 𝐹𝑠(𝑟) ≥ 𝐹𝑤(𝑟) in the sense of first-order stochastic domi-

nance. Remember that 𝐹𝑠(0) > 𝐹𝑤(0) and 𝐹𝑠(𝑅
†
𝑏) = 𝐹𝑤(𝑅

†
𝑏) = 1. Taking the distributions we

found, we note that they are strictly increasing and strictly convex:

𝑑𝐹𝑖(𝑟)

𝑑𝑟
> 0 , (10.53)

𝑑2𝐹𝑖(𝑟)

𝑑𝑟2
> 0 . (10.54)

This means that 𝐹𝑠(𝑟) ≥ 𝐹𝑤(𝑟) in the support.
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