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Abstract. The recent �nancial turmoil, and �nancial crises in general, have shown that

information in �nancial markets disappears in crisis times. This leads to market unraveling

and makes market discipline an ine�cient regulatory instrument. I provide a theoretical

model explaining this fact. In my model, information disappears because banks have incen-

tives to overstate their �nancial condition in periods of �nancial distress. Information vanish

when it is mostly needed and this leads banks to engage in opportunistic behaviors ex-ante. I

consider three policies (asset buybacks, debt guarantees and equity injections) to strengthen

market discipline. All the three succeed in giving incentives to disclose information, but

at the cost of opportunistic behaviors by banks. It turns out that the three policies are

equivalent. It is e�cient to implement them when tax distortions are low and ine�ciencies

from the lack of information are large.

JEL CODES: G21, G28

1. INTRODUCTION

Financial crises have shown that information in �nancial markets gets scarcer in crisis

times. Very little was known about the exposure of banks to toxic assets at the onset of

the recent �nancial turmoil. Stress tests have been necessary to resolve this uncertainty. In

many and less recent bank run episodes, the lack of information about the solvency of banks

is what caused the run according to some authors1. My paper aims at explaining this fact

and recommending policies to make sure information exists in crisis times. This is interesting

because of e�ciency and regulatory reasons. As regards the �rst, it is well known that the

lack of information might lead to the unraveling of a market when there is adverse selection.

It actually did that in the bank run episodes I have just mentioned and, according to some

authors 2, also in the recent �nancial crisis. These authors claim that the lack of information

Date: August 31, 2011.
1See, for example, Calomiris-Mason (1997) about bank run episodes in Chicago in 1932, Gorton (1988) and
Park (1991) for a survey of U.S. episodes.
2See Heider, Hoerova, and Holthausen (2008) for a theoretical model
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about banks' exposure to toxic assets caused the interbank market freeze. As regards the

second, investors will not be able to discipline banks through the cost and availability of

funds if they do not know their riskiness. This makes market discipline, which is the Third

Pillar of Basel 2, an ine�ective regulatory instrument.

My point is that information is available in a market only if there are incentives to disclose

it. In crisis times, the negative e�ects of revealing bad information weaken those incentives

and make information disappear. I formalize this intuition in a model where a bank is seeking

funds to re�nance a portfolio of loans. A fraction 1 − β of banks is hit by an asset shock,

which I model as a high fraction of non performing loans in banks' portfolio. Lenders do not

know which banks are hit by the shock. They base their lending decisions on the amount of

non performing loans charged o� by the bank. Non performing loans yield 0 at the end of

the period, but the bank gets the recovery value L per loan at the beginning of the period

if it charges them o�. A trade o� between borrowing costs and recovery value from non

performing loans arises for the bank. If the bank charges o� all its non performing loans, it

recovers the most possible from them but borrows at a high interest rate because the high

fraction of impaired assets makes lending risky. If it hides some of them, the bank recovers

less from its non performing loans but borrows at a lower risk premium because it signals

a better �nancial condition. When the shock is small, the shocked bank charges o� all non

performing loans because the gain from a lower debt repayment is lower than the cost of

hiding non performing loans. As the shock gets worse, the shocked bank has an incentive to

overstate its �nancial condition, but the good bank �nds it worth signaling itself by charging

o� a lower amount of non performing loans such that it can separate. When the shock is very

bad (crisis), the incentive of the shocked bank to overstate its �nancial condition is so strong

that separation becomes impossible since it would require a negative charge o� choice. I

consider three policies to strengthen market discipline: asset buybacks, debt guarantees and

equity injections. They all succeed in eliciting information disclosure, but at the cost of a

lower e�ort level ex-ante. It turns out that the three policies are equivalent. It is e�cient to

implement them when tax distortions are low and ine�ciencis from the lack of information

are large.
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My paper is related to di�erent strands of literature. Heider, Holthausen and Hoerova

(2008) show that interbank markets may collapse when the adverse selection problem among

borrowers of di�erent quality gets more severe. My focus is more on the reason why adverse

selection arises especially in bad times rather than on the e�ect of adverse selection on �nan-

cial markets. Close to my paper is also the literature on endogenous liquidity3. In a context

where borrowers of di�erent quality are hit by a liquidity shock and need to raise funds from

uninformed investors, this literature predicts that �nancial markets are more liquid in good

times than in bad times because adverse selection is lower. In good times, that is when

the return on investments is high, investments are more likely to be liquidated because of

a liquidity shock rather than bad news about returns. The opposite happens in bad times.

My paper is di�erent in that I allow for borrowers to signal themselves, whereas pooling is

implicitly assumed in the previous literature both in good and bad times. I take the incen-

tives to disclose non performing loans from Aghion-Bolton-Fries (1999) and Mitchell (2001).

They build models where bank managers might want to overstate bank's �nancial condition

in order to avoid regulator's intervention. The authors design bail out plans in a way to give

the bank incentives to reveal its �nancial condition truthfully. My paper is also related to

the literature about the short term bias of managers 4 in that banks sacri�ce the long term

value of their assets (by hiding non performing loans) in exchange of a larger short term gain

(lower interest rate). Finally, my paper is related to the literature about the optimal design

of policies to cope with �nancial crises 5.

Three empirical predictions arise from my model. First, banks tend to overstate their

�nancial condition in bad times. This is consistent with the literature on accounting discre-

tion. Huizinga-Laeven (2009) document that banks used accounting discretion in the recent

�nancial crisis in order to overstate the book value of their capital. Gunter-Moore (2003) �nd

that the worse the �nancial condition, the more banks are likely to understate their �nancial

losses. Second, the relation between balance sheet indicators of risk (non performing loans)

and interest rates is stronger in good times than in crisis times. My model predicts a positive

relation between risk and interest rate in good times and no relation in crisis times. This is

3Eisfeldt (2004) for example
4Most notably Stein (1988)
5Bhattacharya-Nyborg (2010), Philippon-Schnabl (2009), Philippon-Skreta (2010) and Tirole (2010).
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consistent with the empirical literature on market discipline 6. Third, liquidity is higher in

good times than in crisis times. My model predicts that the non shocked bank borrows at an

adverse selection premium in bad times and in the costly separation regime. This is similar

to the predictions of the endogenous liquidity literature.

The paper is structured as follows. Section 2 contains the model setup and Section 3 the

derivation of the equilibrium. Section 4 presents the welfare and policy analysis. Section 5

draws the conclusions.

2. THE MODEL SETUP

I consider a one period model with a bank and a continuum of mass D of risk neutral

investors. At the beginning of the period, the bank inherits a portfolio of size one of loans

that will pay o� at the end of the period, equity 1-D and a stock of debt D to roll over. The

portfolio consists of a fraction p of successful loans and a fraction 1 − p of non performing

loans. The fraction p depends on bank's e�ort θ, with θε [0, 1], and on a random variable

η which can take the value 1 with probability β and ρ (< 1) with probability 1 − β. The

realization of the random variable is private information of the bank. I assume that p = θη

and that e�ort is non contractible and costs c(θ) = 1
2
θ2. Successful loans yield either YH with

probability α or YL (with YL < YH) with probability 1− α. Non performing loans yield 0 at

the end of the period because the borrower is going to default and has no assets that can be

seized. The bank can charge o� these loans and invoke a bankruptcy procedure to recover L

per non performing loan at the beginning of the period 7.

The game has two stages. In the �rst, the bank chooses e�ort. In the second, the bank

learns the fraction 1−p of non performing loans and has to roll over the outstanding debt D.

The fraction p is bank's private information relevant for investors' lending decision. Few non

6For example, see Levy Yeyati-Martinez Peria-Schmukler (2003) and Flannery (1998)
7More generally, I could have assumed that the defaulting �rm has some assets at the end of the period, but
lower than the recovery value L. This is the case when the defaulting �rm engages in opportunistic behaviors
that dissipate the value of the assets. For example, the manager of the defaulting �rm might undertake
projects that yield private bene�ts but are not e�cient for the �rm, or sell �rms' assets at very low prices to
other �rms where she has a stake.
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performing loans in the balance sheet signal a good �nancial condition and low bank's default

risk. This generates a trade o� in the management of non performing loans. The bank has

two options: charging o� or hiding non performing loans. By hiding non performing loans,

the bank overstates its �nancial condition and can borrow at a lower interest rate at the cost

of giving up the recovery value L. Charging o� all its non performing loans, the bank gets

the recovery value L but borrows at a higher interest rate. Investors decide whether to lend

or not to the bank and at which interest rate looking at bank's balance sheet, knowing the

distribution of loans' return and the structure of the game. If investors decide not to lend,

the bank can not roll over its outstanding debt D and is forced to liquidation.

This setup tries to represent a bank in normal and crisis times through a simple binomial

random variable. In normal times, bank's performance is a function of e�ort. In a crisis, the

e�ect of bank's e�ort on performance is hurt by a negative shock. An alternative interpreta-

tion is that banks di�er in the exposure to a macroeconomic shock η that hits the economy.

A fraction β of banks is resilient to the shock, whereas the complementary fraction of banks

su�ers a drop in the value of assets. In what follows, I will use this interpretation because it

is consistent with the fact that banks are di�erently exposed to systemic risk factors. I will

refer to the bank not hit by a shock, i.e. for which η = 1, as good bank, and to the bank hit

by a shock, i.e. for which η = ρ, as bad bank.

I will assume that the bank tells the truth when it is indi�erent between telling the truth

and lying (Assumption 1), that (1−α)YL > L (Assumption 2), and that (1−α)(YH−YL)+L >

LYH

D
(Assumption 3). Assumption 1 is standard. Assumption 2 means that the recovery value

is much lower than the return of successful loans in the worst case. Assumption 3 has no

particular economic meaning but makes the analysis easier. In what follows, I will denote p
L

and p
H
the fraction of successful loans of the bad and good bank. Since I will do comparative

statics on ρ, in what follows I will use also the equivalent expression ρθ and θ to denote

the fraction of successful loans of the bad and the good bank. The fractions p̂L and p̂H will

represent the charge o� choice of the bad and good bank. Note that p̂j ≥ p
j
, or alternatively

1− p̂j ≤ 1− p
j
. The bank can not charge o� more non performing loans than what it has in

the portfolio, but can hide some of them.
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3. THE EQUILIBRIUM

An equilibrium is an e�ort choice and a fraction of charged o� loans that maximizes bank's

pro�t taking into account investors' reaction. The game has two stages and can be solved as

usual by backward induction. I start solving for the optimal charge o� choice by following

these steps. I assume an equilibrium, derive investors' beliefs, calculate bank's pro�t and

check the incentives to deviate. When the bank has no incentive to deviate, the assumed

equilibrium is actually an equilibrium. Having solved the second stage, I go back to the �rst

stage which I solve by maximizing bank's utility with respect to e�ort since e�ort is non

contractible. The problem is concave, so that the �rst order condition yields a maximum.

Investors anticipate bank's e�ort choice and decide how much to lend and at which rate in

the �rst period.

3.1. Separating equilibrium. In a separating equilibrium, the charge o� choice signals

whether the bank is good or bad. Denote 1 − p̂L and 1 − p̂H the fraction of loans charged

o� by the bad and good bank. Investors learn that bank's assets can take the following values:

A(p
L
, p̂ = p̂L) =

pL
YL + (1− p̂L)L ≡ AL(p

L
, p̂ = p̂L) w.p. 1− α

p
L
YH + (1− p̂L)L ≡ AH(p

L
, p̂ = p̂L) w.p. α

when p̂j = p̂L and

A(p
H
, p̂ = p̂H) =

pH
YL + (1− p̂H)L ≡ AL(p

H
, p̂ = p̂H) w.p. 1− α

p
H
YH + (1− p̂H)L ≡ AH(p

H
, p̂ = p̂H) w.p. 1α

when p̂j = p̂H . In general, A(pj, p̂ = p̂i) denotes the assets of a bank with pj good loans

which charges o� 1 − p̂i non performing loans. For example, the assets of the bad bank are

equal to the sum of the return on good loans (either YH or YL on pL good loans) and the

liquidation proceeds of non performing loans (L on 1− p̂i charged o� non performing loans).

Investors use this information to decide whether to lend or not and at which interest rate.

Lemma 1 summarizes investors' decision.
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Lemma 1. When the bank charges o� 1 − p̂L non performing loans, investors lend at the

risk free rate if ρ ≥ D−L−(1−p̂L)L
θYL

, do not lend if ρ > D−L−(1−p̂L)L
θE(Y )

and lend at the rate

R(p̂ = p̂L) = D−(1−α)AL(θL, p̂=p̂L)
αD

if ρ ε (D−L−(1−p̂L)L
θYL

, D−L−(1−p̂L)L
θE(Y )

].

When the bank charges o� 1 − p̂H non performing loans, investors lend at the risk free

rate if D ≤ AL(p
H
, p̂ = p̂H), do not lend if D > E[A(p

H
, p̂ = p̂H)] and lend at the rate

R(p
H
, p̂ = p̂H)) =

D−(1−α)AL(p
H
, p̂=p̂H)

αD
if Dε(AL(p

H
, p̂ = p̂H), E[A(p

H
, p̂ = p̂H)]].

Proof: all the omitted proofs are in the appendix.

Lemma 1 illustrates investors' break even condition. Observing bank's charge o� choice,

investors learn that assets can take two values. Lending is safe if the state of the economy is

so good that the bank is able to pay back the debt even when the lowest return realization

occurs. Investors are better o� not lending to the bank when the state of the economy is

such that bank's expected assets are lower than debt. The interest rates in Lemma 1 are

those making investors indi�erent between lending and taking risk and not lending to the

bank. The interest rate charged to the bad bank depends positively on debt and negatively

on ρ. Intuitively, the larger debt, the larger the loss in case of default, and the higher the

required compensation for risk. The smaller the fraction of good �rms in bank's portfolio (ρ),

the lower the value of assets in case of default and the larger the risk premium. The shock

does not a�ect the good bank, which can borrow at an interest rate that depends only on debt.

The bank calculates pro�ts taking into account the interest rate required by investors. The

couple p̂L, p̂H is an equilibrium if the bad bank prefers charging o� 1 − p̂L non performing

loans and the good bank prefers charging o� 1−p̂H non performing loans. Typically, signaling

games yield a continuum of separating equilibria which can be narrowed down by re�ning

out of equilibrium beliefs. These re�nements imply that the worst type always goes for the

least costly action. Proposition 2 illustrates the implications in this case.

Proposition 2. Type B bank charges o� all its non performing loans in equilibrium.

Proof: Type B, which has the largest amount of non performing loans, will always reveal

itself in a separating equilibrium. It is not worth wasting assets in costly signaling.
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Given the result in Proposition 2, I focus on the separating equilibria with θ̂L = θL.

Proposition 3 illustrates the range of separating equilibria.

Proposition 3. There is a separating equilibrium for the following parameter constellations:

(1) ρ = ρ
CSL

and p̂H ≤ p̂
1

(2) ρ = ρ
CS

′
L

and p̂Hε
(
p̂

1
, 1
]

where: ρ
CSL

= (1−α)(D−L)−αp̂HL
θ((1−α)YL−L)

, ρ
CS

′
L

= (1−α)θYL−p̂HL
θ((1−α)YL−L)

, and p̂
1

= θYL

L
− D−L

L

.

Proof: all the omitted proofs are in the appendix.

Separation is an equilibrium when the incentive constraint of both the good and the bad

bank is satis�ed. The good bank must prefer the charge o� choice allowing separation, which

might require hiding some non performing loans, rather than charging o� all the non per-

forming loans and borrowing and the bad bank interest rate. The bad bank must prefer

revealing its �nancial condition rather than mimicking the good bank and borrowing at a

lower interest rate. I show in the appendix that the incentive constraint of the bad bank is

satis�ed when ρ ≥ ρ
CSL

in case (1) and ρ ≥ ρ
CS

′
L

in case (2) of Proposition 3. When ρ is

large enough, the fall in the value of the assets is such that the bad bank prefers revealing

its �nancial condition because the gain from borrowing at the good bank interest rate is

lower than the liquidation proceeds the bad bank would lose mimicking the good bank. In

the appendix, I also show that the incentive constraint of the good bank is satis�ed when

ρ is smaller than a threshold in both cases of Proposition 3. When ρ is small enough, the

impairment of the assets of the bad bank is such that the good bank prefers bearing the

cost of hiding a fraction of non performing loans rather than borrowing at the bad bank

interest rate. I show in the appendix that, for a given p̂H , there is a range of ρ for which

both incentive constraints are satis�ed. Equilibrium re�nements destroy all the separating

equilibria but the one for which the bad bank is indi�erent between revealing itself and lying.

This is the least costly separating equilibrium, which is dominant for the good bank.

Proposition 3 features two parameter constellations for which separation occurs. The dif-

ference between case (1) and (2) comes from the condition on p̂H . When p̂H ≤ p̂
1
, separation

does not make the good bank riskier, in the sense that its assets are large enough to make
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lenders charge the risk free rate when they observe such a charge o� choice. When p̂H > p̂
1
,

the cost of separation is so large to make investors require a risk premium for lending to the

good bank. Since the good bank interest rate is the interest rate the bad bank would pay in

case of mimicking, the incentive constraint of the bad bank changes in the two cases. Note

that both thresholds are increasing in debt and decreasing in p̂H . A larger debt implies a

larger gain from mimicking the good bank and hence a lower range of ρ values for which

separation is possible. The smaller ρ, the worst the �nancial condition of the bad bank, the

stronger its incentive to mimic the good bank, and the more costly separation. Consistently,

note that ρ
CS

′
L

< ρ
CSL

when p̂Hε
(
p̂

1
, 1
]
.

Proposition 2 de�nes two scenarios. The �rst (perfect separation (PS) regime) is a corol-

lary of Proposition 3. When ρ is greater than ρ
CSL

evaluated in p̂H = p
H
, the good bank

separates at no cost by charging o� all non performing loans in the portfolio. Intuitively,

the shock is so small that the bad bank has no incentive to mimic the good bank. The

gain from borrowing at the good bank interest rate would even be smaller than the cost of

hiding (1 − ρ)θ non performing loans. The second scenario (costly separation (CS) regime)

features a larger shock and a worse �nancial condition for the bad bank. The incentive to

mimic the good bank to save on borrowing costs gets stronger, and the good bank is forced

to hide a fraction of non performing loans to signal its better �nancial condition. As shown

in Proposition 3, the bigger the shock the more costly separation. Since θ̂H ≤ 1, it is clear

that separation will not always be feasible and an uninformative equilibrium will exist. Next

section de�nes such a scenario (pooling (P) regime).

3.2. Pooling equilibrium. Denote 1− p̂p the fraction of non performing loans charged o�

by both types of bank. p̂p must be greater or equal than pH
because the bank with p

H
good

loans can not charge o� more than 1−
H
loans. Investors know that assets can take the fol-

lowing values:
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A(p̂ = p̂p) =


p

H
YH + (1− p̂p)L ≡ AL(p

L
, p̂ = p̂p) w.p. βα

p
H
YL + (1− p̂p)L ≡ AH(p

L
, p̂ = p̂p) w.p. β(1− α)

p
L
YH + (1− p̂p)L ≡ AL(p

H
, p̂ = p̂p) w.p. (1− β)α

p
L
YL + (1− p̂p)L ≡ AH(p

H
, p̂ = p̂p) w.p. (1− β)(1− α)

As in the previous section, bank's assets are the sum of the return on good loans and of

the liquidation proceeds of non performing loans, but the charge o� choice is not informative

about bank's type in this case. Investors can only use the prior to decide how much and at

which rate to lend. Lemma 3 summarizes investors' decisions.

Lemma 4. When the bank charges o� 1 − p̂p loans independently of the true θ, investors

charge the following rates:

R(p̂ = p̂p) =



1 if ρ ≥ ρ1

D−(1−β)(1−α)AL(p
L
, p̂=p̂p)

D(α+β(1−α))
if ρ ε

[
ρ1, ρR1

]
D−(1−β)αAH(p

L
, p̂=p̂p)−(1−β)(1−α)AL(p

L
, p̂=p̂p)

Dβ
if ρ ε

[
ρR1

, ρR2

]
D−(1−β)αAH(p

L
, p̂=p̂p)−(1−β)(1−α)AL(p

L
, p̂=p̂p)−β(1−α)AL(p

H
, p̂=p̂p)

Dβα
if ρ ε

[
ρR2

, ρnl
]

No lending if ρ > ρnl
where:

• ρ1 = D−(1−p̂p)L

L

• ρR1
= D−(1−p̂p)L

(α+β(1−α))H+(1−β)(1−α)L

• ρR2
= D−(1−p̂p)L−βθYL

(1−β)θE(Y )

• ρnl = D−(1−p̂p)L−βθE(Y )

(1−β)θE(Y )
.

Proof: all the omitted proofs are in the appendix.

The intuition is the same as for Lemma 1, except for the fact that there are 4 possible

asset realizations and hence 5 risk intervals in this case. Lending is safe when the state of the

economy is so good that the bad bank can pay back the debt even when the lowest return

realization occurs. Investors do not roll debt over when they expect not to be repaid at the

end of the period. Di�erently from Lemma 1, there are 3 debt intervals in which lending is

risky. The interest rates in Lemma 4 are those making investors indi�erent between lending

and not lending.
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The bank calculates the pro�t from pooling and compares it to the pro�t from any other

charge o� choice. Pooling is an equilibrium if it yields the maximum pro�t. I assume out of

equilibrium beliefs equal to the prior when the re�nement criteria do not suggest they are

unreasonable. The intuition is that a charge o� choice 1− p̂p > 1− p
H
can come from both

types of banks, unless it is a dominant strategy for the bank in some state. This assumption

leads to the result in Proposition 5.

Proposition 5. In a pooling equilibrium, p̂p = p
H
.

Proof: imagine a pooling equilibrium with p̂p > p
H
. Both banks will �nd it worth deviating

and charging o� 1 − p
H

non performing loans. The bank will not bear the cost of hiding

non performing loans and, at the same time, will still borrow at the pooling rate by doing

this deviation. In fact, the deviation could be attributed either to the good or bad bank with

probability equal to the prior8.

Proposition 5 implies that I can focus only on the pooling equilibrium with p̂p = pH . This

is an equilibrium if the bad bank does not �nd it worth charging o� all its non performing

loans and if the good bank does not �nd it worth separating (or it can not). Proposition 6

states the conditions under which pooling is an equilibrium.

Proposition 6. There exists a pooling equilibrium if:

(1) ρ < ρ
p

L

and βε
[
β

1
, β

2

]
(2) ρ < ρ

NS
and βε

[
β

2
, β

3

]
It holds that β

1
< β

2
if θ > θ1. The thresholds are given by the following expressions:

(1) ρ
p

L

= β(1−α)(D−L)−αθL
β(1−α)θ(YL−L)−αθL

(2) ρ
NS

= (1−α)(1−β)D−(1−θ)L
(1−α)(1−β)θYL

(3) β
1

= L
(1−α)(D−L)(YH−YL)

[θE(Y ) + (1− θ)L−D]

(4) β
2

= (1−α)(θYL−D)+(1−θ)L
(1−α)(YL−D)

(5) β
3

= 1− YH(1−θ)L
(1−α)(YH−YL)D

8If I assumed investors to believe that a deviation from pooling comes from the bad bank, multiple pooling
equilibria would arise for a given value of ρ. The equilibrium stated in Proposition 5 always exists, but there
could also be a pooling equilibrium where the good bank prefers hiding some non performing loans rather
than deviating and borrowing at the bad bank interest rate. I rule out multiple equilibria because they make
predictions impossible and complicate the policy analysis.
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(6) θ1 = D−L
YL−L

Proof: all the proofs are in the appendix.

In both case (1) and (2), a pooling equilibrium exists if ρ is smaller than a threshold and

if β takes values within a range. The �rst condition requires the shock to cause a consistent

fall in the value of assets of the bad bank. The two thresholds on ρ refer to the incentive

constraint of the bad and the good bank. When ρ < ρ
p

L

, the bad bank prefers mimicking

the charge o� choice of the good bank rather than revealing its �nancial condition. The

reduction in the value of assets is so large that, in case the bad bank revealed it, the risk pre-

mium required by investors would be larger than the cost of hiding (1− ρ)θ non performing

loans. When ρ < ρ
NS
, separation is not feasible for the good bank because it would require

charging o� a negative fraction of non performing loans. I show in the appendix that the

good bank can separate from the pooling charging o� a fraction 1− p̂d non performing loans,

with p̂d = θ+ (1−α)(1−β)
(α+β(1−α))L

[D − ρθYL − (1− θ)L]. Note there is a negative relation between ρ

and p̂d because the worse the �nancial condition of the bad bank, the stronger its incentive

to mimic the good bank, and the more costly separation. When ρ < ρ
NS
, separation is so

costly that the fraction p̂d gets larger than 1. Note that both thresholds are increasing in

debt, meaning that the larger debt, the stronger the incentive to mimic the good bank, and

the wider the range of ρ values for which pooling exists.

Which of the two thresholds actually matters for the pooling equilibrium depends on how

β compares to β
2
. In case (2), β is larger than β

2
and the threshold ρ

NS
matters. This

means that there is a range of ρ values for which the bad bank prefers pooling but the good

bank can separate. Intuitively, the bad bank enjoys large pro�ts from pooling when β is high

because adverse selection is not severe. This makes it easier for the good bank to separate

because the bad bank �nds it less worth mimicking a deviation that yields a pro�t lower than

pooling. In case (1), the opposite is true. There is a range of ρ values for which the good

bank can not separate but the bad bank does not �nd it worth pooling. When β takes such

values, the pro�ts from pooling for the bad bank are so low that separation is not possible

for the good bank, but even the bad bank prefers revealing itself rather than pooling. The

conditions β ≥ β
1
and β ≤ β

3
make sure that the bad bank enjoys positive pro�ts in equilib-

rium. If not, the bad bank would deviate from the pooling by Assumption 2. Note that the
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interval βε
[
β

1
, β

2

]
is non empty if θ > θ1. This is a condition on e�ort which depends on

the e�ort choice made by the bank in the �rst stage. I will get back to this in the next section.

3.3. The choice of e�ort. Having found the equilibrium in the second stage, I proceed

solving for the choice of monitoring e�ort by the two banks. The optimal e�ort choice

maximizes bank's expected pro�t in each regime. The di�erence of bank's expected pro�ts

across regimes is due to the liquidation proceeds resulting from the charge o� choice. In the

PS regime both banks charge o� all their non performing loans, whereas the good bank is

forced to hide p̂H − pH
non performing loans in the CS regime. Both banks charge o� 1− p

H

non performing loans in the P regime. Proposition 7 illustrates the optimal choice.

Proposition 7. The optimal e�ort chosen by the bank is the following:

θ
PS

= (β + ρ(1− β))(E(Y )− L)

θ
CS

= βE(Y ) + ρ(1− β)(E(Y )− L)

θ
P

= (β + ρ(1− β))E(Y )− L

Proof: results are obtained from the maximization of the second stage expected pro�ts net of

e�ort cost with respect to θj.

A marginal increase in e�ort raises the cost of e�ort by θ and the gain of e�ort by the

expression on the right hand side. Broadly speaking, the marginal gain of e�ort is given by

the expected return on the additional good loans (E(Y ) for the good bank and ρE(Y ) for

the bad bank) net of the liquidation proceeds L that the bank forgives because of the lower

amount of non performing loans. Since all non performing loans are charged o� in the PS

regime, the bank takes into account that liquidation proceeds are going to be lower by L if

it will be a good type and by ρL if it will be a bad type. In the CS regime, the marginal

gain of e�ort of the good type is not a�ected by the charge o� decision because it always

charges o� 1− p̂H non performing loans. A marginal increase in e�ort does not determine a

reduction in the liquidation proceeds from non performing loans for the good type. It does

only for the bad type. This implies that θ
CS

> θ
PS

given a value of ρ. Since the CS regime

exists for lower values of ρ than the PS regime, it is not clear which of the two e�ort levels

is the largest. In the P regime, both types of bank always charge o� 1− p
H
non performing

loans. A marginal increase in e�ort implies a reduction by L in the liquidation proceeds of

both types of bank. This and the fact that the P regime exists for lower values of ρ than the
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PS regime imply that θ
P
< θ

PS
.

Rational investors anticipate banks' choice of e�ort when deciding how much and at which

interest rate to lend in the �rst period. They know the conditions de�ning the PS, CS, and P

regimes as a function of exogenous variables, but can not distinguish the good from the bad

bank in the �rst stage. In case a perfect separation equilibrium exists, investors anticipate

that both the bad and the good bank will pay back the debt and hence charge the risk free

rate. The same is true when a costly separation equilibrium exist because the bad bank is

able to repay its debt. When a pooling equilibrium exists, however, investors anticipate there

will be no new information coming. They charge the pooling interest rate already in the �rst

period and keep lending at the same rate also in the second period because no news arrives.

The actual values of the interest rate result from substituting the optimal e�ort chosen by

the good and the bad bank in the results of Lemma 4.

3.4. Simulation. Substituting the optimal choice of e�ort in the solution of the second stage,

I can �nd the thresholds delimiting the three regimes as a function of exogenous variables.

I provide numerical solutions of these functions since analytical solutions are di�cult to

interpret. I simulate the model assuming the following values for the parameters: YL = 1,

YH = 2, α = 0.4, L = 0.2, D = 0.7, and β = 0.3. The following graphs show the charge o�

choice and the non performing loans of the good and the bad bank as a function of ρ.
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FIGURE 3.4.1: The charge o� choice and non performing loans of the good bank
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FIGURE 3.4.2: The charge o� choice and non performing loans of the bad bank
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There exists a perfect separation regime for ρ ε [0.63, 0.76]. Both banks charge o� all

the non performing loans. Non performing loans decrease with ρ since e�ort is an increasing

function of ρ. When ρε [0.59, 0.61] there is a costly separation regime. The bad bank charges

o� all the non performing loans. The good bank hides a fraction of non performing loans

in order to separate. The cost of separation increases with ρ. It takes the maximum value

when ρ = 0.59, for which the good bank has to hide all the non performing loans. When
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ρ ε [0.55, 0.56] there is a pooling regime. Both banks charge o� the same fraction of non

performing loans, but only the bad bank hides a fraction of them.

4. Welfare analysis

Welfare equals the sum of the expected pro�ts of the two types of bank and investors. This

coincides with the expected value of banks' assets net of the e�ort cost. Proposition 8 states

the welfare function in the three regimes.

Proposition 8. The equilibrium of the game yields the following welfare functions:

WPS = 1
2
θ2

PS
+ L

WCS = 1
2
θ2

CS
+ L− βp̂HL

WP = 1
2
θ2

P
+ L

Proof: Welfare is obtained just by plugging the optimal e�ort in the utility function which

I have stated in the Proof of Proposition 7.

Welfare equals the �rst best in the PS regime. The equilibrium of the game in the CS and

P regime has two ine�ciencies: the charge-o� and monitoring e�ort choice. In the CS regime,

the good bank hides p̂H − pH
non performing loans in order to signal its better �nancial con-

dition. The good bank chooses an ine�ciently large level of e�ort ex-ante to minimize the

signaling cost. In the P regime, the bad bank mimics the good bank by hiding p
H
− p

L
non

performing loans. The bank chooses an ine�ciently low level of e�ort because it anticipates

that, if it will be good, it will subsidize the bad bank.

The P regime represents the worsening of the adverse selection problem in bad times

and provides a framework for policy recommendations. Given that adverse selection arises

because of poor incentives for information disclosure, policies should aim at giving bad banks

these incentives. Incentives induce a suboptimal e�ort level ex-ante and generate distortions
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from taxation because they require the government to raise funds. The optimal policy is the

one that gives the bad bank incentives to reveal itself at the lowest cost. It involves a trade

o� between e�ciency and tax distortions: the more non performing loans the policy makes

the bad bank reveal, the greater the costs of the policy. The optimal solution depends on

the distortions implied by taxation. Three policies have been widely employed in the recent

�nancial crisis: bank's assets purchases, debt insurance and equity injections. I consider

these policies and investigate which of them is better suited to restore market discipline in

a �nancial crisis. I consider a framework where the government designs the optimal policy

ex-ante by maximizing welfare taking into account how the bank will react in terms of e�ort.

4.1. Asset purchasing scheme. Asset purchasing schemes (APSs) have been widely used

in the recent �nancial crisis to revive the secondary market for toxic assets and give liquidity

to troubled banks. They turn out to be useful in solving the adverse selection problem in the

P regime since they give incentives to the bad bank to charge o� all non performing loans.

The asset purchasing scheme is a mechanism operated by the government, which o�ers to

buy a fraction q of non performing loans at the price s and then liquidates them keeping the

proceeds. The optimal triplet (q, s, p̂H) is the solution of the following problem:

max
s, q, p̂H

WAPS = β [θE(Y ) + (1− p̂H)L]+(1−β) [ρθE(Y ) + (1− ρθ − q)L+ qs]− 1
2
θ2−(1−

β)(1 + λ))q(s− L)

subject to:

(1) q(s− L) = (1− α) [D − ρθYL − (1− ρθ)L]− α(p̂H − ρθ)L ≡ q
1
if p̂H ≤ p̂

1

(2) q(s− L) = (1− α)(1− ρ)θYL − (p̂H − ρθ)L ≡ q
2
if p̂Hε

(
p̂

1
, p̂

2

]
The last term of the welfare function denotes the cost of the APS. The government buys q

non performing loans from each of the (1− β) bad banks. It pays the price s and recovers L

on each non performing loan. I assume that government's intervention implies distortions in

the form of an additional cost λ. The remaining terms represent the sum of banks' expected

assets net of the dis utility of e�ort. There are β good banks that do not participate to

the APS and charge o� 1 − p̂H non performing loans. Bad banks charge o� all their non
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performing loans. They recover L on (1 − ρθ − q) of them, and sell q to the government in

exchange of the price s. Government's problem has two constraints. Equations (1) and (2)

are the incentive compatibility constraints of the bad bank. The �rst holds when p̂H ≤ p̂
1
,

in which case the good bank interest rate equals the risk free rate. When p̂H > p̂
1
, investors

require a risk premium for lending to the good bank. Both incentive constraints are binding

in order to achieve information revelation at the lowest cost for the government.

Proposition 9. The optimal APS is characterized by:

(1) q(s− L) = q
2
and p̂H = αρθYH+(1−α)θYL

L
− D−L

L
≡ p̂

2
if ρ > YL

YH
and β < αλ

1+λ

(2) q(s− L) = q
1
and p̂H = θ if β > λ

1+λ

Proof: all the omitted proofs are in the appendix.

The optimal solution is calculated as follows. The government �nds the optimal charge o�

choice 1 − p̂H trading o� e�ciency gains and taxation costs. The lower the fraction of non

performing loans hidden by the good bank, the less bank's assets are depleted but the larger

the subsidy in order to achieve information disclosure (note constraints (1) and (2)). The

government �nds the optimal p̂H in the range p̂Hε
[
θ, p̂

1

]
, where constraint (1) binds, and

in the range p̂Hε
(
p̂

1
, p̂

2

]
, where constraint (2) binds. Given this, the government calculates

the optimal e�ort chosen by the bank in both cases. The optimal solution is the one which

yields the higher welfare, that is the one minimizing the charge o� and e�ort ine�ciencies.

Proposition 9 states that it is optimal to hide all the non performing loans of the good bank

when β < αλ
1+λ

. This condition on β implies that the policy is very costly because there is

a large fraction of bad banks. Distortions from taxation would be so high to make it worth

choosing p̂H = p̂
2
in order to minimize the subsidy. The condition on ρ is necessary to make

sure that the case in which the good bank borrows at a risk premium actually exists. When

the fraction of bad banks is lower, that is β > λ
1+λ

, distortions would be lower and the gov-

ernment �nds it worth paying a subsidy such that the good bank can charge o� all the non

performing loans. When β takes intermediate values, it is not possible to �nd the optimal

policy analytically. Figure 4.1.1 shows the parameter constellations under which policy (2)

is better than policy (1).
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FIGURE 4.1.1: Values of beta and ρ for which policy (2) is better than policy (1)
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The APS scheme gives incentives to the bad bank to reveal its �nancial condition at the cost

of a fraction of non performing loans hidden by the good bank (in case (1)), an ine�cient

e�ort level, and distortions from taxation. The point is then to make sure whether it is

e�cient to implement such a policy or to bear the ine�ciency cost of the P regime. It is not

possible to answer this question analytically. Figure 4.1.2 shows the parameter constellations

under which the APS policy is e�cient.
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FIGURE 4.1.1: Values of beta and ρ for which the APS policy is e�cient
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The APS policy is e�cient for large values of β and small values of ρ. Large values of

β mean low distortions from taxation, whereas small ρ values imply that pooling is highly

ine�cient.

4.2. Debt guarantee. Debt guarantees (DGs) have been used in the recent �nancial crisis

to favor banks' access to funds markets. In the economy I have modeled, debt guarantees

solve the adverse selection problem in the P regime by reducing the gain of the bad bank
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from overstating its �nancial condition. Debt guarantees decrease the interest rate at which

the bad bank can borrow because the government commits to refund investors in case the

bank defaults. I consider a debt guarantee mechanism in which the government guarantees

a fraction γ of bank's debt and promises to refund investors an amount S of the loss in case

of default. Proposition 10 states the optimal debt guarantee mechanism.

Proposition 10. The optimal DG mechanism is such that γ > 0 and:

(1) S = S2 and p̂H = αρθYH+(1−α)θYL

L
− D−L

L
≡ p̂

2
if ρ > YL

YH
and β < αλ

1+λ

(2) S = S1 and p̂H = θ if β > λ
1+λ

with S2 = (1−ρ)θYL− 1
(1−α)

(p̂H−ρθ)L and S1 = [D − ρθYL − (1− ρθ)L]− 1
(1−α)

α(p̂H−ρθ)L
Proof: all the omitted proofs are in the appendix.

The result in Proposition 10 comes from the solution of the following maximization prob-

lem:

max
S, γ, p̂H

WAPS = β [θE(Y ) + (1− p̂H)L] + (1− β) [ρθE(Y ) + (1− ρθ)L+ (1− α)S]− 1
2
θ2−

(1− β)(1 + λ)S

subject to:

(1) S = S1 if p̂H ≤ p̂
1

(2) S = S2 if p̂Hε
(
p̂

1
, p̂

2

]
The last term in the welfare function denotes the cost of the DG. The government has to

pay S to investors in case the bad bank defaults. Given there are 1 − β bad banks, which

default when the lowest realization of Y occurs, the government expects a monetary outlay

equal to (1 − α)(1 − β)S. This has to be raised by taxation, which determines a distortion

λ and makes the social cost equal to (1 + λ)(1 − α)(1 − β)S. The remaining part of the

welfare function denotes bank's expected expected assets net of the cost of e�ort. The debt

guarantee mechanism consists of a subsidy S to investors in case the bad bank defaults, which

indirectly means a subsidy to the bad bank through a lower interest rate. This explains the

term (1 − α)S in the assets of the bad bank. The problem of the government is subject to
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equation (1) and (2), which are the incentive constraints of the bad bank. The �rst holds

when p̂H ≤ p̂
1
, in which case the good bank interest rate equals the risk free rate. When

p̂Hε
(
p̂

1
, p̂

2

]
, investors require a risk premium for lending to the good bank and the incentive

constraint is given by equation (2). Both incentive constraints are binding in order to achieve

information revelation at the lowest cost for the government.

It is optimal for the government to choose any positive value of γ. What matters is that

the government guarantees a fraction of bank's debt, no matter how small it is. Incentives for

information revelation are restored through the subsidy S which is given to insured investors

in case of default. This result comes from investors break even condition, which I show in the

appendix. Intuitively, insured investors require a lower risk premium because they will be

refunded in case the bad bank defaults. Uninsured investors do the same because the subsidy

leaves them more assets to pledge in case the bad bank defaults. As long as the subsidy is

large enough, the solvency of the bad bank improves so much that the lending risk becomes

independent of the fraction of debt that is insured.

Multiplying S by (1−α), it results that the optimal debt guarantee mechanism is exactly

the same as the asset purchasing scheme. Both policies involve the same monetary outlay,

hence the optimality conditions are the same. The same is true for the conditions under

which the policy is e�cient. This happens because both policies work through the same

incentive constraint. As long as the subsidy is large enough to restore incentives, the type

of policy implemented by the government does not matter. Moreover, the policy a�ects the

incentives to disclose information in the second stage and the e�ort choice in the �rst stage.

Consisting of the same subsidy, both policies determine the same e�ort ex-ante.

4.3. Equity injections. In the recent �nancial crisis, governments have injected liquidity

in troubled banks also by buying bank's equity. In the economy I have modeled, equity

injections (EIs) provide the additional liquidity incentivizing the bank to charge o� all its

non performing loans. This liquidity comes at the cost of reducing the share of pro�ts going

to the bank. The EI is a mechanism de�ned by the variable γ, which is the fraction of equity

bought by the government, and m, which is the monetary outlay by the government. These
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two variables are chosen by the government maximizing the following welfare function:

max
p̂H , p̂L, γ, m

WEI = β (θE(Y ) + (1− p̂H)L−D) +

+ (1− β)(1− γ) (ρθE(Y ) + (1− p̂L)L−D +m)− 1
2
θ2 +

− (1− β)(1 + λ) [m− γ (ρθE(Y ) + (1− p̂L)L−D +m)] +D

subject to:

(1) m = 1
1−x [(1− α) [D − ρθYL − (1− ρθ)L]− α(p̂H − ρθ)L]+ x

1−x [ρθE(Y ) + (1− ρθ)L−D] ≡
m1 if p̂H ≤ p̂

1

(2) m = 1
1−x [(1− α)(1− ρ)θYL − (p̂H − ρθ)L] + x

1−x [ρθE(Y ) + (1− ρθ)L−D] ≡ m2 if

p̂Hε
(
p̂

1
, p̂

2

]
The last term of the welfare function represents the cost of the EI. The monetary outlay

equals the equity injection net of the share of pro�ts for each of the 1 − β bad banks. The

term λ captures distortions from taxation. Note that the bank enjoys only the remaining

share 1 − γ of pro�ts in case the policy is implemented. The problem is constrained by

the two incentive constraints of the bad bank, whose interpretation is the same as for the

previous policies. Proposition 13 de�nes the optimal mechanism.

Proposition 11. The optimal EI mechanism is such that x can take any value lower than 1

and:

(1) m = m2 and p̂H = αρθYH+(1−α)θYL

L
− D−L

L
≡ p̂

2
if ρ > YL

YH
and β < αλ

1+λ

(2) m = m1 and p̂H = θ if β > λ
1+λ

Proof: all the omitted proofs are in the appendix.

Proposition 14 states that the fraction x of pro�ts retained by the government can be any

number lower than 1. What matters is that the total subsidy is such that the bad bank has

an incentive to reveal its �nancial condition. If the government would take all the pro�ts,

the subsidy would be zero and truthful information disclosure would not be possible. I show

in the appendix that x disappears from the objective function once you plug the constraint

into the objective function. The intuition behind the optimal equity injection m is exactly
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the same as the other two policies. When the policy requires a consistent monetary outlay,

it is optimal to minimize the equity injection and let the good bank hiding a fraction of

non performing loans. Note that results would be exactly the same as the asset purchasing

scheme and debt guarantees if x = 0.

5. Conclusion

My paper provides a theoretical model explaining why information in �nancial markets

gets scarcer in crisis times. I argue that the existence of information is the result of a pro�t

maximizing decision by banks. When a shock determines a high fraction of non performing

loans in the portfolio of some banks, these banks prefer hiding some of them to mimic better

banks and avoid borrowing at a high risk premium or being liquidated. Information becomes

blurred and does not allow investors to infer the riskiness of banks. My model's predictions

�nd con�rmation in the empirical literature. First, banks have stronger incentives to over-

state their �nancial condition in bad times, as found by Huizinga and Laeven (2009) and

Gunter and Moore (2003). Second, the relation between indicators of risk and interest rates

are stronger in normal times than in crisis times, which is a result documented by the vast

literature on market discipline.

The policy implication that follows is that banks hit by a shock should be given incentives

for information disclosure. These incentives distort the choice of e�ort by banks and deter-

mine tax distortions. The optimal policy is the one that makes the bank charging o� all the

non performing loans at the lowest cost in terms of e�ort and tax ine�ciencies. The three

policies I consider, namely asset purchases, debt guarantees and equity injections, turn out

to be equivalent. Information disclosure comes at the cost of a fraction of non performing

loans hidden by the good bank when the cost of the policy are large. When they are low,

incentives can be given such that the good bank can charge o� all the non performing loans.

The conclusions from my paper are relevant for central banks and regulators. First, cen-

tral banks should give banks incentives to disclose information to avoid the negative e�ects

of market breakdowns like the interbank market freeze at the onset of the recent �nancial

turmoil. Second, market discipline, that is the Third Pillar of Basel 2, can not be an e�ective



Why Does Information Disappear in Crisis Times? 26

regulatory instrument if policies incentivizing banks to disclose information are not imple-

mented in crisis times.
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APPENDIX

1. Proof of Lemma 1

Observing the charge o� choice 1−p̂j, investors learn the possible asset realizations for each
bank and use them to compute the break even interest rate. This is given by the following

equation:

αmin {DR(pj, p̂ = p̂j), AH(pj, p̂ = p̂j)}+(1− α)min {DR(pj, p̂ = p̂j), AL(pj, p̂ = p̂j)} =

D

for j = { H, L} . Considering all the possible cases implied by the min function, one gets

the results in Lemma 2.

2. Proof of Proposition 3

Before proceeding with the proof, it is useful to state the following Lemma.

Lemma 1. It holds that:

Π(pj, p̂ = p̂j) = max{ E[A(pj, p̂ = p̂j)]−D, 0}
for j = { H, L} .

Proof: note that:

Π(pj, p̂ = p̂j) = (1− α)max {Aj(pj, p̂ = p̂j)−DR(pj, p̂ = p̂j), 0}
+ αmax {AH(pj, p̂ = p̂j)−DR(pj, p̂ = p̂j), 0}

Substituting the interest rates obtained in Lemma 1, the previous equation can be written

as:

Π(pj, p̂ = p̂j) =


E[A(pj, p̂ = p̂j)]−D if D > E[A(pj, p̂ = p̂j)]

0 if ρ ≤ D−L
pjE(Y )−p̂j

Denote 1 − p̂j the fraction of loans charged o� by the bank with j = {L, H} good loans.

Using the result in Proposition 2, I can focus on p̂L = pL. Separation is an equilibrium if the

following incentive constraints are satis�ed:
1



(1) IC(L): max{ E [A(pL, p̂ = pL)] − D, 0} ≥ αmax{ AH(pL, p̂ = p̂H) − DR(pH , p̂ =

p̂H), 0}

(2) IC(H): max{ E [A(pH , p̂ = p̂H)] −D, 0} ≥ αmax{ AH(pH , p̂ = pH) −DR(pL, p̂ =

pL), 0} + (1− α) max{ AL(pH , p̂ = pH)−DR(pL, p̂ = pL), 0}

The perfect (costly) separating equilibrium is such that p̂H = (>)pH . In the perfect separa-

tion equilibrium, the incentive constraint of the good bank does not matter. The good bank

has 1 − pH non performing loans. It can not deviate to a higher charge o� choice because

the bank can not charge o� good loans. It does not �nd it worth deviating to a lower charge

o� choice because of investors' out of equilibrium belief that any charge o� choice di�erent

from 1 − pH comes from the bad bank. Even with a more optimistic beliefs structure, the

bank in normal times would not �nd it worth deviating because it can separate at no cost by

charging o� all its non performing loans. In the costly separating equilibrium, the incentive

constraint of both banks matter.

Substituting the interest rates, and considering the ρ values in which they apply, one gets

a set of inequalities on ρ satisfying both incentive constraints. Note that the two cases in

Proposition 3 come from using the two possible values of R(pH , p̂ = p̂H) in the IC(L). The

range of parameters for which there is a separating equilibrium can be re�ned using domina-

tion based re�nements. If an action is dominant for some player in the game, investors should

believe that this action is taken by the player for which it is dominant. This criterium can be

used in my framework in the following way. Imagine for a given value of ρ, separation occurs

with the choice p̂H and p̂
H
, with p̂H ≥ p̂

H
. Imagine the good bank deviates to the charge o�

choice 1 − p̂
H
. Investors know that the bad bank would never do this deviation because its

incentive constraint is always satis�ed in this case. They infer that such a deviation can only

come from the good bank and hence charge the good bank interest rate. As a consequence,

the good bank �nds it worth doing the deviation because the charge o� choice 1− p̂
H
is the

least costly.



3. Proof of Lemma 4

Both the good and bad type of bank charge o� 1 − p̂p non performing loans in a pooling

equilibrium. Investors can not distinguish bank's type and take decisions according to the

prior. Recall that β is the probability of the bank being good and 1− β is the probability of

the bank being bad. The break even condition can be written as follows:

βαmin {DR(p̂ = p̂p), AH (p̂H , p̂ = p̂p)}+ β (1− α) min {DR(p̂ = p̂p), AL (pH , p̂ = p̂p)}+

+ (1− β)αmin {DR(p̂ = p̂p), AH (pL, p̂ = p̂p)}+

+ (1− β) (1− α)min {DR(p̂ = p̂p), AL (pL, p̂ = p̂p)} = D

Considering all the possible cases implied by the min function, one gets the results in

Lemma 4.

4. Proof of Proposition 6

Before proceeding to the proof of Proposition 6, it is useful to state the following Lemma.

Lemma 2. The equilibrium pro�t of the bad bank is given by:

Π (pL, p̂p) =


αAH (pL, p̂ = p̂p) + (1− α)AL (pL, p̂ = p̂p)−D if ρ > ρ1

α
α+β(1−α)

((α + β(1− α))AH (pL, p̂ = p̂p)) +

+ α
α+β(1−α)

((1− α)(1− β)AL (pL, p̂ = p̂p)−D) if ρ ε
[
ρ1, ρR1

]
0 if ρ ≤ ρR1

Proof: note that:

Π(pL, p̂p) = (1− α)max {AL(pL, p̂p)−DR(p̂ = p̂p), 0}+αmax {AH(pL, p̂p)−DR(p̂ = p̂p), 0}

The result follows from substituting the interest rates obtained in Lemma 4.

Pooling is an equilibrium when both the bad and the good bank do not �nd it worth

deviating. Proposition 5 states that there can exist only a pooling with a charge o� choice

of 1− pH . Consider the incentive constraint of the bad bank. Note that the bad bank never

�nds it worth pooling when ρ > ρ1 because it can borrow at the risk free rate. Lemma 2

states that the bank in a crisis has no pro�t from pooling when ρ ≤ ρR1
. I assume that the

bad bank prefers separating in this case. As a consequence, an incentive to pool for the bad



bank might exist only when ρε
[
ρ1, ρR1

]
. The incentive constraint can be written as follows:

α
α+β(1−α)

max{ ((α + β(1− α))AH (pL, p̂ = pH) + (1− α)(1− β)AL (pL, p̂ = pH)−D) , 0} >

max{ E[A(pL, p̂ = pL)]−D, 0}

where the right hand side is the pro�t from separating derived in Lemma 1. When both

sides are positive, one gets after some algebra that the incentive constraint is satis�ed if

ρ ≤ ρpL
. When the bad bank has zero pro�ts from revealing itself, the bad bank reveals itself

by Assumption (1).

Consider now the incentive constraint of the good bank. The good bank could separate

from the pooling by deviating to a charge o� choice that the bad bank would not �nd it

worth mimicking. Observing such a charge o� choice, investors believe that it can only come

from the good bank and hence charge the good bank interest rate. I proceed in two steps.

First, I calculate the deviation that allows separation. Second, I check whether the bank in

normal times �nds it worth doing this deviation.

The deviation that allows the good bank to separate is the charge o� choice for which the

bad bank is indi�erent between pooling and mimicking. It can be found as follows:

α
α+β(1−α)

max{ ((α + β(1− α))AH (pL, p̂ = pH) + (1− α)(1− β)AL (pL, p̂ = pH)−D) , 0} =

αmax{ AH (pL, p̂ = p̂dev)−DR(pL, p̂ = pL), 0}

After some algebra one �nds that separation happens when p̂d = θ+ (1−α)(1−β)
(α+β(1−α))L

[D − ρθYL − (1− θ)L].

When p̂d > 1, separation becomes impossible because it would require a negative charge o�

choice. Substitution p̂d = 1 in the previous inequality, one gets that separation is impossible

and pooling is an equilibrium when ρ < ρNS. Substituting p̂dev in pro�t function of the good

bank, one gets that the good bank prefers separation whenever feasible.



Combining the incentives constraints of the good and bad bank, one gets the conditions

under which pooling is an equilibrium. The conditions on β and θ stated in Proposition 6

are those making sure that the ρ intervals where pooling exists are non empty.

5. Proof of Proposition 9

Rearranging terms, the objective function can be written as follows:

WAPS = β [pHE(Y ) + (1− p̂H)L]+(1−β) [ρpLE(Y ) + (1− ρpL)L]− 1
2
θ2−(1−β)λq(s−L)

subject to the constraints stated in section 4.1. Plugging the constraints in the objective

function, one gets a linear function of p̂H . As a consequence, the solution is a boundary

solution. Taking the �rst order conditions, one gets that:

(1) p̂∗H =

p̂1
if q = q

1

p̂
2

if q = q
2

if ρ > YL

YH
and β < αλ

1+λ

(2) p̂∗H =

pH if q = q
1

p̂
1

if q = q
2

if β > λ
1+λ

Substituting the optimal solution in bank's pro�t maximization problem, one �nds the op-

timal e�ort induced by the policy. This can be substituted back in the welfare function in

order to check which of the two policies is the most e�cient. The result in Proposition 9

comes from this comparison.
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