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Abstract

We present a model where a regulator has to decide how to tackle the potential insolvency
of a bank in a context of asymmetric information. We show that, when it can audit the
bank, the regulator is unlikely to choose a policy of bailout to induce the bank to reveal its
insolvency. We show that, in some circumstances, the regulator can induce the bank to
reveal its insolvency by threatening to randomize its decision to nationalize the bank.

Resumen

Presentamos un modelo donde un regulador debe decidir como enfrentar la potencial
insolvencia de un banco en un contexto con asimetrias de informacién. Demostramos que,
cuando el regulador tiene la capacidad de auditar la situacion financiera del banco, seria
poco probable que decidiera llevar a cabo un salvataje de éste para inducir a sus duefios a
revelar su insolvencia. Bajo algunas circunstancias, el regulado podria lograr dicha
revelacion amenazando con nacionalizar el banco utilizando una regla aleatoria.

We thank an anonymous referee for helpful comments. E-mail: jhurtubia@yahoo.it and
claudio.sardoni@uniromal.it.




1. INTRODUCTION

Many have dealt with the problem of the determination of optimal
policies to tackle bank insolvency. In particular, attention has been
paid to the reasons why policies based on bailouts should be adopted.

One strand of the literature considers bailouts as a way to tackle
bank insolvency in a context of asymmetric information. Regulators
cannot observe when a bank is insolvent and, therefore, it is difficult
for them to make a commitment to implement ‘tough’ policies like na-
tionalization or closure. Bankers will hide their insolvency and give rise
to inefficiencies like ‘creditor passivity’, which amounts to not liquidate
non-viable loans (Mitchell (2001); Aghion, Bolton, and Fries (1999)),
or ‘risk shifting’, which implies an increase in the risk of their portfolios
(Jensen and Meckling (1976); Myers (1977); Gorton and Huang (2004);
Osano (2002)). In conditions of asymmetric information, the possibil-
ity to be bailed out may induce a banker to reveal the bad portfolio. In
this way, the distortions mentioned above can be eliminated. For these
reasons, some authors (e.g. Aghion, Bolton, and Fries (1999)) are in
favor of the explicit introduction of bailouts into financial safety nets.

However, in many cases policymakers (regulators) are reluctant to
adopt strategies based on bailout and even less so to introduce bailout
practices explicitly in safety net institutions." Our paper offers a ratio-
nale for this type of behavior.

We argue that, when the regulator can audit the bank, there are
two pre-commitment options available to induce the revelation of in-
solvency: (i) pre-commit to bailout the bank, or (i) pre-commit to
randomize the decision to nationalize the bank. The regulator can in-
fluence the outcome in favor of the second type of pre-commitment
by under investing in bank supervision and keeping a high degree of
discretion.

We arrive to these results by developing a signaling model between
a regulatory agency (the regulator) and one bank which is managed
and owned by a risk-neutral banker. The banker invests the bank’s
resources in a loan portfolio. Then, nature reveals the quality type of

!Goodhart and Huang (1999)) highlight that policymakers prefer to rely on ‘con-
structive ambiguity’ when making their bailout decisions. They argue that policy-
makers can improve welfare if they can introduce an element of uncertainty over

which policy they will choose to tackle bank insolvency.
1
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the loan portfolio to the banker, which can be either good or bad. This
information is private to the banker. The regulator and depositor only
observe the probability distribution associated to both states of nature.
An important feature of the model is that a bad loan portfolio type
induces the banker to risk-shift (Jensen and Meckling (1976); Myers
(1977)), i.e. to increase the risk of the portfolio’s return.

The regulator will want to detect the bank’s bad result to prevent the
banker from shifting the bank’s risk because, following the literature
(see for example Gorton and Huang (2004) and Osano (2002)), we
will assume that a change in the risk profile is inefficient: the expected
return of the new and riskier portfolio is lower compared to the original
one.

The regulator uses bank audits to detect the portfolio quality type.
The banker sends a signal about the quality of the bank’s portfolio,
which then the regulator scrutinizes by conducting an in-situ inspection
to the bank. When the regulator detects a bad portfolio he must choose
a policy. The regulator may nationalize the bank, bail it out, or decide
to do nothing.

The model is first solved assuming that the banker and the regulator
cannot pre-commit. We highlight a type of equilibria where the banker
and the regulator play mixed strategies. The banker uses mixed strate-
gies in his decision to reveal the bad portfolio, and the regulator in his
decision to nationalize the bank. T'wo features of the model explain this
type of equilibria: (i) the regulator chooses his policy after observing
the result of the in-situ inspection and his choice is not constrained by
the outcome of the inspection, and (ii) when the bank is nationalized,
the banker suffers private costs only if he previously declared the good
portfolio type (if he decides to reveal a bad portfolio type he suffers no
private costs).

The mixed strategy equilibrium occurs when the bad state of nature
is likely to happen and the efficacy of the audit is low. The banker and
the regulator cannot anticipate what the other is playing, and there-
fore they randomize their choices. The logic is the following. When the
audit is not effective enough and the portfolio is likely to be bad, the
banker hides bad portfolios and therefore the regulator has incentives
to nationalize the bank independently of the outcome of the in-situ
inspection. As a consequence, the banker would be better off by re-
vealing bad portfolios, instead of hiding them, in order to avoid the
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private costs associated to nationalization. If this was the case, how-
ever, it would be convenient for the regulator only to nationalize the
bank when the banker reveals a bad portfolio, instead of nationalizing
in every event. This changes again the incentives of the banker, as he
would deviate and hide the bad portfolios taking advantage of regula-
tor’s belief. It is clear that, under these circumstances, pure strategy
equilibria are not possible. For both agents the best response differs
depending on what they perceive their counterpart is playing. Only
mixed strategies are possible.

The relevance of this type of equilibria, where mixed strategies are
used, is made clear when we solve the model assuming that the banker
and the regulator can pre-commit. In this case, the regulator can
achieve full revelation by threatening to randomize his decision to na-
tionalize the bank in the future, if the banker does not reveal truthfully.
The banker would have incentives to reveal truthfully in order to avoid
the potential expropriation associated to the randomization policy.

We then go on to highlight that the regulator faces a policy problem
when, in the game with pre-commitment, there is also a bailout equi-
librium that induces truthful revelation. The banker would prefer the
bailout solution and therefore could decide to hide bad portfolios in
order to renegotiate a policy shift by the regulator. The policy that is
ultimately chosen will depend on the regulator’s ability to convince the
banker that the bank will not be bailed out. We show that under some
circumstances the regulator may under invest in bank supervision in
order to bias the outcome in favor of the threat to randomize.

Our paper is related to the financial literature that deals with public
policies to induce the revelation of bank insolvency (see Aghion, Bolton,
and Fries (1999); Osano (2002); Mitchell (1998, 2001); Gorton and
Huang (2004)).

Aghion, Bolton, and Fries (1999) and Osano (2002) show that, un-
der some circumstances, the regulator can induce the revelation of bank
insolvency by designing a bailout scheme with non-linear cash trans-
fers. Aghion, Bolton, and Fries (1999) present a model where a bailout
induces bankers to reveal bad portfolios, but creates an adverse selec-
tion problem because solvent banks would want to benefit from pub-
lic capitalizations as well. A bailout with a non-linear cash transfer
scheme solves the adverse selection problem. In Osano (2002) bankers
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reveal bad portfolios when: (i) the banker benefits from a compensa-
tion scheme based on stock options, and (ii) the cash injection is coped
with repayment schedules that punish, in relative terms, banks that
risk-shifted.

In our paper we shift the emphasis away from non-linear cash trans-
fers, in order to concentrate on how audits can induce full revelation.
In Aghion, Bolton, and Fries (1999) the regulator is unable to conduct
audits. In Osano (2002) the audit does not play an important role be-
cause the regulator’s behavior is constrained by its outcome: the bank
can only be taken over if the audit detects the insolvency. In our paper,
the outcome of the audit does not put a constraint on the regulator’s
policy choice; it only allows the regulator to actualize his beliefs. By
providing the regulator with the flexibility to choose any policy after
the audit is conducted, we allow the regulator to make threats that can
induce the banker to reveal truthfully.

The other papers in this literature, Gorton and Huang (2004), Mitchell
(1998), and Mitchell (2001), focus on different issues. Gorton and
Huang (2004) show that the expectation of a bailout increases economic
efficiency because it allows society to invest its savings in productive
assets, rather than liquid but unproductive assets, because there is no
need to create the liquidity to purchase the bank’s non-performing as-
sets. Mitchell (1998) shows that banks can take advantage of asymme-
tries of information, by coordinating to act passively with debtors, to
create a case of "too-many-to-fail”, and induce the regulator to bailout
banks. Mitchell (2001) applies a cost benefit analysis to determine the
best way to tackle the insolvency of banks, by focusing in the a-priori
probability distribution of the bank’s portfolio returns.

There is a set of papers that study policies to deal with bank insol-
vency in the absence of asymmetries of information. These papers agree
that a bailout protects the value of the bank’s assets by avoiding a fire
sale to agents outside the banking sector (see Diamond (2001), Acharya
and Yorulmazer (2007b), and Acharya and Yorulmazer (2007a)).> In
our model we leave this issue aside by assuming that the bank will not

2For example, Diamond (2001) argues that bank recapitalization protects valu-
able bank-client relationships, while Acharya and Yorulmazer (2007a) shows that
bailouts avoid ” cash-in-market” pricing of bank’s non performing assets when there
is a systemic crisis. Acharya and Yorulmazer (2007b) justifies bailouts on the same
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be allowed to fail under any circumstance. Therefore, the policy prob-
lem is reduced to determining who manages the insolvent bank: the
private banker (with bailout) or the regulator (with nationalization).
In this framework, the policy choice is influenced by asymmetries of
information.

The model is described in section 2. In section 3 we solve the
model without pre-commitment. In section 4 we discuss possible pre-
commitment options to solve the revelation problem. In sections 5 and
6 we present policy implications, and in section 7 a short discussion of
the model’s assumptions. Section 8 concludes.

2. THE MODEL

A regulator, a banker, and a depositor interact along three periods
of time: ¢t =0, 1,2. The banker and the depositor are risk neutral. We
assume that the banker is financed only with deposits, whose amount
is normalized to 1.2 Deposits are fully guaranteed by the regulator and
the interest rate on them is normalized to zero.

At the beginning of ¢ = 0 the bank invests in a loan portfolio that
matures in ¢ = 2. At the end of ¢ = 0 nature reveals the portfolio
type to the banker: either good or bad. After this, at the beginning of
t = 1, the banker must decide either to keep the same loan portfolio or
modify it by increasing its risk.

The return of the loan portfolio at ¢ = 2 is a random variable R
defined as:

(2.1)
B { A+ if the banker keeps the original portfolio
A+ rg+ry if the banker plays the risky bet in ¢t = 1.

R depends of an average return A > 1 plus two independent random
variables ry and ry, where the subscripts 0 and 2 denote the periods in
which the random variables are realized.

The expected return }N%, as defined above, is conditional on the loan
being collected at ¢ = 2. We assume that the banker has no choice

grounds but goes on to argue that bailouts can have the undesirable effect of in-
creasing the chances of a systemic crisis, as banks increase the correlation of their
portfolio returns.

3Following Acharya and Yorulmazer (2007b) we assume that equity funding is
not possible due to problems associated to asymmetries of information as presented
in Myers and Majluf (1984).
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of collecting early, even if the original portfolio is maintained, as the
liquidation value of the loan portfolio at t = 1 is zero. It is also assumed
that outsiders would not be willing to buy the loan portfolio. *

The realization of ry determines the loan portfolio type: good or
bad. The return rqg is Rg > 0 for a good portfolio and Rg < 0 for a
bad one; so that g € {Rg, R} with Rg > 0 > Rp. The probability
of the good type is p(Rg) = do while the probability of the bad type is
p(Rp) = 1 — dy. The nature of the portfolio is private information to
the banker; the depositor and the regulator cannot observe it.

For simplicity we assume that the expected return in ¢ = 0 of the
original portfolio is A, implying that,

Al: 5ORG + (1 - 50)RB = 0.

At the beginning of ¢ = 1, after observing the portfolio’s type, the
banker can decide to change, for the remaining period, the return profile
of the loan portfolio. If the banker keeps the original portfolio the
return in ¢ = 2 remains unchanged. If the banker plays a risky bet, the
payoffs in ¢t = 2 are defined by ry € { Rg, Rg}. The probabilities of the
good and bad outcome in t = 2 are equal to d, and 1 — d5 respectively.
The bet is assumed to be inefficient as d, < &y,” therefore,

A2: ,Rq + (1 — 52)RB < 0.

A key feature of the model is that the banker will have incentives to take
the risky bet, even if inefficient, if nature reveals to him a bad portfolio
type at t = 0. Such behavior has been analyzed by Jensen and Meckling
(1976) and Myers (1977) and requires additional assumptions,

A3: In t =1, the bank is technically insolvent if nature reveals a
bad portfolio type: A+ Rp < 1; and,

A4: If the banker plays the risky bet in ¢t = 1, the bank will
be insolvent at the end of the game only if both the portfolio
type and the outcome of the bet turn to be bad. Formally,
A+rg+1r9 <1lonlyif ro =ry= Rp.

4This is justified by assuming that the banker benefits from an on-going rela-
tionship with its debtors that gives him the know-how to collect the loan in ¢ = 2.
This information cannot be transferred if the loan is sold to outsiders.

5The riskier portfolio bet cannot have a higher expected return when compared
to the original portfolio, otherwise a risk neutral banker would have preferred to
invest in it at the beginning of the game in ¢t = 0.
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A banker with a bad portfolio will choose the risky bet because it
gives him the chance to recover the bank’s solvency.

Assumptions Al — A4 restrict the probability density functions of r
and 75 to the following:

(2.2) —55(A—1) < Rp < —(A-1),
(2.3) L% (A—1) < Rg < 3725 (A1),
(24) RG = %(_RBL

(25) (S() > 1/2,and 50 > 52.

The regulator has the incentive to detect the bad portfolio, when
it occurs, in order to stop the banker from choosing the risky and
inefficient bet. For the purpose he uses audits. Audits take place at
the end of period ¢t = 0, after the portfolio’s type is revealed to the
banker and before he can modify the portfolio’s risk (see figure 1). The
audit consists of two steps,

-The banker must declare the portfolio type to the regulator;
-The regulator checks the banker’s report by conducting an in-
situ inspection, and observes 79 € {Rg, Rp}.

Let us define p(ro|rg) as the probability that the in-situ inspection
observes 1y conditional on the true portfolio type being ry. Since we
assume that the banker can hide bad portfolios but cannot hide good
portfolios,® there are only two options: either the banker conceals bad
outcomes by declaring always good results or declares truthfully.

We will assume that if the banker declares truthfully, the in-situ
inspection always confirms banker’s declaration:

p(Rc|Re) =1 and p(Rp|Rg)=0;

p(Rg|Rp) =0 and p(Rp|Rp)=1.
When the banker hides a bad portfolio, the in-situ inspection detects
it with probability v or confirms banker’s declaration with probability
1—:

p(Rg|Rp)=1—7 and p(Rp|Rp)=1.

6We do not consider the possibility of hiding good outcomes because we are not
interested in the problems of over capitalization associated to bailouts. Aghion,
Bolton, and Fries (1999) dealt with this issue and concluded that bankers find it
difficult to hide good outcomes if this requires the liquidation of their good loans.
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FiGURE 1. Timing of events

After the audit is completed and before the banker can make the bet
at t = 1, the regulator chooses the policy to deal with the possible bad
type portfolio (see figure 1). He can resort to nationalization, bailout,
or forbearance.

With nationalization the regulator takes over the ownership of the
bank. If the banker concealed the bad portfolio, the regulator has
to engage in a legal and judicial process for its nationalization. We
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assume that this process implies a fiscal cost ¢ > 0 for the regulator
and a private cost ¢ > 0 for the banker. If the banker reveals the
bad portfolio, the nationalization can be made without bearing these
costs. 7 After the nationalization, the regulator can observe the true
portfolio type. If the portfolio is good, the regulator must compensate
the banker with a payment equal to the expected net value of the bank
plus the private cost ¢ > 0.

With a bailout the banker remains in control of the bank and the
regulator transfers to the bank a non-tradable bond with maturity at
t = 2 that pays AK. With forbearance the regulator does nothing.

After regulator’s policy is implemented and the banker makes the
portfolio bet in ¢ = 1, the final return of the portfolio is determined in
t = 2. After this, the bank is closed. The deposits are paid off with
R and the income from the non-tradable bond (if applicable). When
these resources are insufficient to cover the deposits, the regulator must
pay the difference to honor the deposit guarantee.

The regulator’s objective is to maximize the expected return of the
bank’s portfolio, }N%, minus the deadweight costs of the public funds
transferred to the bank, AF,

(2.6) Q=R—\F.

The public funds F' include the payment of the deposit guarantee,
the capitalization of the bank AK, the legal and judicial process of
nationalization g, and the compensation to the banker of a solvent bank
that is nationalized, P.. The unitary deadweight costs of fiscal funds
are denoted by scalar —A. Following Acharya and Yorulmazer (2007b)
we justify the introduction of this term in the regulator’s objective
function due to the negative effects of increasing taxes and/or fiscal
deficits.

The banker’s objective is to maximize 7, the expected value of bank’s
net worth minus the expected private costs of bank nationalization:

"The ¢ and g scalars represent institutions in place to protect property rights.
A high private cost ¢ protects the depositor from the banker’s risky bet, while
the g parameter represents the institutions that limit the regulator’s discretion to
nationalize a bank that declared itself to be solvent.
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(2.7)
( maz(0, R+ AK — 1) + Ir.n if banker controls the bank
—c+ P, if a solvent bank is nationalized
™= . . .
—c if banker hides bad portfolio
and bank is nationalized
0 if banker declares bad portfolio
and bank is nationalized

\

When the private banker controls the bank, he is entitled to the
bank’s net value, max(0, R+ AK — 1), and has private benefits 7 from
managing a bank with a good portfolio type (if the loan portfolio is
good). The inclusion of 7 in the banker’s objective function follows
Aghion, Bolton, and Fries (1999) and Osano (2002). In their models
bankers value positively the control of the bank because they like power.
However, differently from these authors, we assume that the banker
enjoys private benefits only when the bank has a good portfolio. As
a consequence, function I, assumes the value 1 when the portfolio is
good, and zero otherwise. When the banker declares the good portfolio
and the bank is nationalized, he suffers private costs —c due to the legal
and judicial process of nationalization. After the nationalization, if the
regulator finds out that the bank had in fact a good portfolio, the
banker receives a compensation payment P, from the regulator. If the
bank was insolvent the compensation payment is zero. If the banker
reveals the bad portfolio, he gets zero as he looses control when the
bank is nationalized.

3. SOLUTION OF THE MODEL WITHOUT PRE-COMMITMENT

The model is solved using backwards induction. We start by solving
the model in t = 1 for the banker’s decision to modify the return profile
of the bank’s portfolio. We then turn to consider the period ¢t = 0 and
solve for the banker’s optimal signal and the regulator’s optimal policy
response to the bank’s insolvency.

3.1. The banker’s portfolio decision at ¢ = 1. The banker’s de-
cision to keep the original portfolio or bet for the risky portfolio in
t = 1 will be conditioned by the regulator’s policy choice and by the
portfolio’s type.
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First, consider the case in which the regulator has chosen to do noth-
ing (forbearance). Define F)(7k) and E)(nf) as the expected pay-offs
of the banker if he plays the risky bet (R) or plays safe by keeping the
original portfolio (.5), when the regulator has chosen to do nothing.
Solving for both terms we have:

Ey(rE) = 0y(max(0, A+ 7o+ Rg — 1)+ Ir,n) +
+(1 — 62)(max(0, A+ro+ R — 1) + Ir.n)
El(ﬂg) = max(0,A+ro— 1)+ Ir.n

The indicator function Ig, takes the value of 1 if nature reveals a
good portfolio and 0 otherwise. The choice between safe and risky
depends on the portfolio’s return ry at ¢ = 0. When the portfolio is
good, g = R, assumption A4 guarantees that,

max(0,A+ro+Rp—1)=A+Rg+Rp—1>0

The banker keeps the original portfolio because, when the portfolio
type is good, the difference E,(7h) — Ei(7L) = 0,Rg + (1 — &) Rp is
negative (by assumption A2).

When the portfolio is bad, ry = Rp, assumption A4 guarantees that:

max(0,A+ry+ R — 1) = 0.

In this case the banker prefers the risky bet because it provides the
chance to recover the bank’s solvency if the outcome of the bet is good,
Ey(7E) = 52(A + Rp + Rg — 1) > 0. If the banker does not take the
bet, the bank will be insolvent for sure in t = 2.

Our model leads to risk shifting because the depositor does not de-
mand interest rate premia for the higher risk, as the bank’s deposits are
benefited with a credible public guarantee. The existence of asymme-
tries of information also explain why no fair deposit guarantee premia
can be designed by the regulator.

When the regulator chooses nationalization, he takes over the bank
and keeps the original portfolio. The banker’s pay-off depends on
the circumstances under which the nationalization takes place. Define
Ey(7V) as the banker’s expected pay-off when the bank is nationalized.
(3.1)

A+ Rg — 1 if the portfolio is good
Ey(mV)={ —c if the banker hides a bad portfolio
0 if the banker reveals a bad portfolio
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When the regulator nationalizes a bank with a good portfolio, he
must compensate the banker for the net value of the bank plus the
private cost of the judicial process, P. = A + Rg — 1 + ¢. Therefore,
—c+P.=A+R;—18

With a bailout, the banker’s decision depends on the type of portfolio
and the level of capitalization. Define E;(75%!) and E;(75%!) as the
expected pay-offs of the banker of playing the risky bet (R) or keeping
the original portfolio (S) when the regulator offers a bailout:

E (7B = §y(max(0, A+ 19+ AK + Rg — 1) + Ig.n) +
—|—(1 — 52)(max(0, A4+ro+ AK + R — 1) + IRGU)
Ey(r§8) = max(0,A+ 1o+ AK — 1)+ Ir.n

When the portfolio is good (rg = Rg), the banker always plays safe
and zero capitalization is required as E (759)— E (75%) = §yRg+(1—
d2)Rp is negative (assumption A2). If the portfolio is bad (rg = Rp)
the sign of E;(r5) — B, (75*!) depends on the level of capitalization
offered. The banker keeps the original portfolio only if

E\(rB* — By (5" = 5,Rq — (1 — 62)(A+ Rp + AK — 1)

is negative, which is the case when the capitalization offer respects the
following condition:

02
1—069
3.2. The banker’s signal and the regulator’s policy decision
at t = 0. At t = 0 the banker and the regulator play a signaling

game. The banker declares the bank’s portfolio type, the regulator
performs the in-situ inspection and observes r5. On the basis of this

(3.2) AK > —Rp+

Re — (A —1).

observation, the regulator forms its ex-post beliefs u(rq 7o) about the

portfolio types. The regulator then chooses between nationalization,

bailout or forbearance.”

In equilibrium the banker can play three type of signaling strate-
gies: separating, pooling and hybrid. Define o as the probability that

8We assume that private benefits of controlling the bank 7 are not observable,
consequently cannot be included in the compensation payment to the banker.

9t must be highlighted that we do not consider bank closure as a possibility for
the regulator. The regulator will not close the bank because, in our framework, the
liquidation of the loan portfolio yields zero in ¢ = 1, and the commitment to the
deposit guarantee is binding.
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the banker hides the bad portfolio type. In the pooling equilibria the
banker always hides the bad portfolio types, therefore « = 1. In the
separating equilibria the banker never hides a bad portfolio, in other
words « = 0. In the hybrid equilibria the banker randomizes between
hiding and revealing the bad portfolio type, 0 < a < 1.
First, we describe regulator’s policy decision, then we describe banker’s

decision to reveal or hide a bad portfolio type, and finally the different
equilibria.

3.2.1. Regulator’s policy choice. Regulator’s expected pay-off, when
choosing policy j, is conditional on the portfolio type observed with
the in-situ inspection (rp):

(3:3)  Eo([ro) = u(Ralro) Eo(Y |Ra) + p(Rp|ro) Eo (¥ | Rp).

The expected pay-off will be equal to the average of the pay-offs that
the regulator gets when the portfolio type is in fact good (Ey(€¥|R¢g))
and bad (Fo(Q|Rg)). These terms are weighted by the actualized
probabilities p( |rp), which are influenced by the outcome of the in-
spection and by the regulator’s belief regarding what kind of strategy
is the banker playing.

If the regulator chooses to play forbearance (F), the expected pay-off
is equal to:

Eo(QF|70) = u(Ralro)(A + Re) +
+u(Rp|ro)(A+ Rp + 02Rg + (1 — d2)Rp — A(1 — 62)(1 — A — 2Rp)).

With forbearance, if the portfolio type is good, the regulator’s pay-
off is A + Rg because the banker keeps the original portfolio and the
payment of the public deposit guarantee is zero. If the portfolio type
turns to be bad, the banker plays the risky bet inducing an expected
return of the loan portfolio equal to A + R + doRe + (1 — d3)Rp.
Additionally, the regulator has to honor the deposit guarantee if the
outcome of the risky bet turns to be bad. This makes the expected
value of the deposit guarantee payment equal to (1 —4d2)(1—A—2Rp).

If the regulator chooses nationalization (N), the expected pay-off can
be expressed as:

Eo(QM7%0) = m(Ralro)(A+ Ra — Mg +¢)) +
+M(RB|7:6)(A + RB — )\(1 — A — RB) — /\Ihideg)~
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With nationalization, and if the portfolio type is good, the regulator
keeps the original portfolio, therefore the expected return of the assets
is A+ R¢. In this case, however, the regulator has to undergo fiscal costs
to nationalize the bank g and to compensate the private banker for the
net value of the bank A 4+ Rg — 1 plus private costs ¢. Consequently,
the net fiscal costs for the regulator are represented by A(g + ¢). If the
portfolio type was bad, the assets’ return is A + Rp and the payment
of the deposit guarantee is equal to 1 — A — Rg. The function Ij;qe
takes value of 1 when the banker hides the bad portfolio and the in-situ
inspection detects it. Otherwise, it takes the value of 0. This function
indicates that the regulator only spends g to nationalize a bank if the
banker concealed the bad portfolio. *°

If the regulator chooses to bailout the bank (Bail), the expected

payoff is:
Eo(Q5|7) = u(Re|ro)(A+ Rg — ANAK) +
+u(Rp|ro)(A+ Rp — AAK)

With a bailout the banker will always keep the original loan portfolio,
therefore the portfolio’s value will be either A + Rg or A + Rp de-
pending if nature reveals the good or bad type. The regulator in both
cases will have to endure fiscal costs equivalent to the amount of the
capitalization, AK = —Rp + 85/(1 — §3)Rg — (A —1). 1

There are three possible circumstances under which the regulator
must choose the policy:

- when the banker hides the bad portfolio but the in-situ inspec-
tion detects it,

- when the banker reveals the bad portfolio,

- when the in-situ inspection observes the good portfolio.

Below we describe the regulator’s policy decision in each one of these
circumstances.

If the banker conceals the bad portfolio and the in-situ inspection
detects it, the regulator will be convinced that the portfolio is bad.

10we implicitly assume that the banker and regulator cannot renegotiate after
the audit detects a bad portfolio in order to reduce the costs of the legal process.

H'With the bailout the regulator chooses the minimum capitalization that disci-
plines the banker to keep the original portfolio, AK = —Rp+d5/(1—d2) Rg—(A-1).
A bailout with a lower capitalization does not make sense as it has no impact on
the banker’s behavior, and a higher capitalization is redundant.
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The regulator actualizes his beliefs to
n(Rp|Rp) = 1
p(Ra|Rp) = 0.

In this case, when comparing the expected pay-offs associated to each
policy, nationalization is the strictly dominant policy if:

)
(3.4) —\g+——Rg >0
1— 9
(3.5) —(C.+AB) — \g >0,
where

C. = 6Rg+(1—6)Rp
B = (1—26,)Rp—02(A—1).

Inequalities 3.4 and 3.5 are both fulfilled if the costs associated to the
legal and judicial process are low enough, 2

09 Ce
: i —— —B).
(3.6) g<m1n(<1_62>R(;, 3 )
In the rest of the paper we assume that
Ab5: condition 3.6 is true,

in order to introduce the required incentives for the banker to reveal
truthfully. If this condition is breached, the banker will always find

convenient to hide bad portfolios, as the regulator never nationalizes
13

the bank due to the high costs of the legal and judicial process.

If the banker decides to reveal the bad portfolio, the regulator would
believe in the banker’s declaration. Nationalization would be, again,
the strictly dominant policy. Notice that conditions 3.4 and 3.5 are
also true if we substitute g =0 (as C, < 0 and B < 0).

If the in-situ inspection observes the good portfolio type, EZ;, the
regulator actualizes his beliefs according to the expectation of what
type of strategy the banker is playing. If the regulator thinks that the

12We know that d3Rg + (1 — 62)Rp < 0 and (1 — 202)Rp — 62(A — 1) < 0.
(1 —202)Rp — 92(A — 1) denotes the difference between the payment of the deposit
guarantee when the bank is nationalized and the payment in the case of forbearance.
We know that (1 —2d2)Rp — d2(A — 1) is negative due to the characteristics of the
probability density function of 7.

I31f this was the case, audits would become superfluous and bailouts would
remain the only effective means to correct banker’s risk shifting behavior.
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banker is revealing truthfully, i.e. playing o = 0, then the beliefs are
actualized to:

M(RB“EEZ?) =0
w(Re|Re) = 1.

In this case the regulator chooses forbearance. Recall that the banker
never makes the risky bet when the portfolio type is good, therefore it
does not make sense for the regulator to intervene.

If the regulator observes Z?;; but thinks the banker is not revealing
truthfully, i.e. the banker is using either the pooling or hybrid strategy
(0 < @ < 1), then he cannot be sure whether the portfolio type is good
or bad. The beliefs would be actualized to:

_ do
1(Ra|Ra) 8o + (1 —7)(1 = b)
,LL(RB’E;‘) = s

o+ all— 7)1 - 00)
In this case, the regulator chooses only among forbearance or nation-
alization because, by condition 3.6, bailout is strictly dominated.

Define € as the probability that the regulator decides to national-
ize a bank with Rg. The net benefits of nationalizing, Eo(QY |Rg)
Eo(QF|Rg), become:

do
do + (1 —7)(1 — do)

_ a(l —7)(1 = d)

do + a1 —7)(1 — do)
The term A(c + g) represents the costs that the regulator endures if
the nationalized bank happens to be solvent, due to the compensation
payments that the regulator has to provide to the banker. The term
—(Ce + AB + \g) represents the benefits of nationalizing the bank, if it
happens to be insolvent, in terms of the risk-shifting inefficiencies that

(3.7) AMe+g) —

(C. + AB + Ag).

are avoided. The regulator will choose nationalization, ¢ = 1, if the
net benefits are positive. If the net benefits are negative the regulator
prefers forbearance, ¢ = 0, and if the net benefits are zero then the
regulator randomizes, 0 < € < 1.

The sign of EO(QNU/%E) — EO(QFU/%E) depends on dy, g,7, ¢, and
A. The regulator prefers nationalization if the probability &y, costs
g and ¢, and probability v are low enough. The value of A has an
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ambiguous effect because its impact on both the expected benefits and
costs of choosing nationalization has a positive sign. We can conjecture,
however, that if the values of §; and ~ are high, then A has a higher
impact on the costs of nationalization. Therefore, a low A biases the
regulator’s choice in favor of nationalization.

3.2.2. Banker’s decision to reveal bad portfolio types. The banker re-
veals the portfolio type truthfully when the pay-offs of revealing out-
weigh the pay-offs of hiding. The pay-offs of hiding a bad portfolio
are:

(3.8) v(=c)+ (1 =) (—ec+ (1 —€)d2(A+ Rp + Rg — 1)).

The in-situ inspection detects the bad portfolio with probability v and
does not detect it with probability 1—~. Condition 3.6 guarantees that,
if the bad portfolio type is detected, the banker looses the ownership
of the bank and suffers the private costs associated to the legal and
judicial process of nationalization: —c. When the in-situ inspection
does not detect the bad portfolio, the regulator plays nationalization
with probability €, and plays forbearance with probability 1 — e. Con-
sequently, with probability (1 —+)e the banker suffers private costs —c
and with probability (1 — v)(1 — €) the banker is allowed to take the
risky bet with an expected payoff of 92(A + Rp + Rg — 1).

The banker’s pay-off after revealing the bad portfolio type is zero.
So, when the benefits of hiding the bad portfolio are grater than zero,
the banker will hide the bad portfolio: @ = 1. When the benefits
of hiding the bad portfolio are negative, the banker will reveal bad
portfolios: o« = 0. When the benefits of hiding are equal to zero, the
banker would randomize his decision to reveal: 0 < o < 1.

3.2.3. FEquilibria. There will be separating equilibria if the regulator
believes that the banker declares truthfully, and if the banker expects
the bank to be nationalized only if he declares the bad portfolio type.
In other words, when the banker declares the portfolio type to be good,
he will expect the regulator to choose forbearance, ¢ = 0. Thus, the
only requirement for separating equilibria is that, when ¢ = 0, the
banker must have no incentives to deviate from truthful declaration:

(3.9) Y(=¢)+ (1 —7)0(A+ R+ Rec — 1) <.
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The banker would reveal truthfully when the probability v of detection
is above a threshold v > v**, where

» (A+ Rp+ Rg — 1)

¢+ 0(A+Rp+ Rg—1)

The pooling equilibria are possible when the regulator decides to
play forbearance, ¢ = 0, after the in-situ inspection observes the good
portfolio, although he knows that the banker is playing the hiding
strategy, a = 1. If the banker expects that the bank will be nationalized
only if the inspection detects the bad portfolio type, then it makes sense
for the banker to conceal the bad portfolio.

The sufficient conditions for the pooling equilibrium to be possible
are that: (i) Assuming that the regulator plays e = 0, the benefits
for the banker of hiding the bad portfolio must outweigh the benefits
of revealing it, and (ii) When the regulator knows that the banker
plays a = 1, the expected costs of nationalizing a bank with }f%; must
outweigh the benefits. Formally:

(3.10) Y(=c)+ (1 —7)0(A+ R+ Re —1) > 0.
0
(311) _WO)(I—(SO))\(C + g) —

(1= (1—bo)
—m((k + AB + /\g) < 0.

In the hybrid equilibria, the banker randomizes his decision to reveal
the bad portfolio, and the regulator his decision to nationalize the
bank with Rg. There exists a pair (¢*,a*), with €* € (0,1) and o* €
(0,1), that makes the regulator indifferent between nationalizing the
bank or playing forbearance (after observing the good portfolio type),
and makes the banker indifferent between revealing or hiding the bad
portfolio:

(312) (=) + (1 =) (=€c+ (1 —€)0(A+ Rp+ Rc—1))=0

0
(3.13) —50_’_&*(1_07)(1_50))‘(0 + 9) o

a* (1=7)(1=6) _
— U000 (C, + AB + Ag) = 0.

It is evident that the above conditions are possible only if:

(3.14) y(=c)+ (1 —7)o2(A+ R+ Rg — 1) > 0,and
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[
(3.15) ~ i e T 9) -

(1-7)(1—50)
—m(Ce + A\B + )\g) > 0.

When condition 3.15 is true, the regulator prefers to nationalize the
bank with }%, if he thinks that the regulator is hiding bad portfolios.
As a consequence, pooling equilibria are unfeasible because the banker
would prefer to signal truthfully in order to avoid the costs associated to
the legal and judicial process of nationalization. Separating equilibria
are not possible either because the banker cannot give credibility to
his declaration, as he faces incentives to hide the bad portfolio due to
condition 3.14. The regulator and the banker cannot be sure of what
the other plays, therefore it is optimal for both to randomize.

The conditions that define each type of equilibria, 3.9, 3.10, 3.11,
3.14, and 3.15, can be simplified into constraints on the values of
and ~. This is presented in the following proposition.

Proposition 1. The conditions under which the banker plays the dif-
ferent strategies are:

1: If v > ~**, then the banker plays the separating strategy.

2: If vy <™ and 69 > 0%; or v* < v <™ and éy < %, then the
banker plays the pooling strategy.

3: If v < min(y*™*,v*) and 6y < &%, then the banker plays the
hybrid strategy.

where,
5 = —(Ce+ AB + \g)
AMg+c)— (Ce+ AB+ A\g)
 _ 50/\(g+c)+(1 —50)(Ce+)\B+)\g)
K (1= 00)(Ce + AB + \g)
Proof. Ommited. O

There will be no policy problem associated to the revelation of bad
portfolios when 7 is higher than the threshold v**. The banker will have
incentives to reveal truthfully in order to avoid the potential costs of
the legal and judicial process of being detected hiding a bad portfolio.
When the probability of detection + is lower than y**, the banker will
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have incentives to hide the bad portfolios. The pooling strategy is pos-
sible if, additionally, the regulator has incentives to play forbearance,
when the in-situ inspection observes the good portfolio. The regulator
behaves in this way when either dy, the probability that the portfolio
type is good, or v, the probability of detection, are high enough (big-
ger than thresholds §* and ~+* respectively). The banker randomizes
his decision to reveal or hide the bad portfolio when the probability of
detection and the a priori probability that the portfolio type is good
are both low enough, i.e. v < min(v*,7**) and dy < 0*.

4. SOLUTION OF THE MODEL WITH PRE-COMMITMENT

In the model with pre-commitment we assume that both the regu-
lator and the banker make their decisions assuming a long-run hori-
zon: the regulator and the banker play the game an infinite number of
times.!

In a repetitive game framework, pre-commitment is possible when
it allows both the regulator and the banker to improve their expected
payoffs, if compared to the no pre-commitment solution of the game.
Both agents play "trigger strategies”, which consist in respecting the
pre-commitment until the counterpart deviates. Agents punish the
defector by choosing the equilibrium play of the no pre-commitment
game, driving the solution of the repetitive games to a succession of
equilibria with no pre-commitment.

Below we describe two possible equilibria in the model with pre-
commitment that solve the revelation problem.

4.1. Full revelation induced by promising to bailout the bank.
In this type of equilibria the banker always reveals the portfolio type
truthfully and the regulator bails out the bank when a bad portfolio is
declared.

The banker will never have incentives to deviate because, if the regu-
lator offers a bailout, revealing the bad portfolio strictly dominates any
other alternative. The regulator, on the other hand, may be tempted
to deviate once the banker reveals a bad portfolio because it would save
fiscal resources if the nationalization takes place instead of the bailout.
The regulator is disciplined by the banker’s threat of not reveling the
bad portfolio in the future.

14A discussion of this assumption will be conducted in section 7.
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The net benefits for the regulator of pre-committing to bailout are
calculated by comparing the pay-offs with a bailout and with the no
pre-commitment equilibrium. As a consequence, the expression for the
net benefits depends on the type of equilibrium that characterizes the
no pre-commitment case:

(4.1)

([ —(1— 50))\16252 R¢ ifa*=0and € =0

—(1=80)[(1 —v)C. + A(li%gRG +(1=v)B—7vg)] ifa*=1ande* =0

A(boc+ g — (1 = 60) 1% Rer) if * € (0,1) and
L € €(0,1)
When we have a separating equilibrium (o* = 0 and ¢ = 0) the

net benefits of pre-committing to bailout are always negative. With
a pooling equilibrium (o = 1 and €* = 0), pre-committing to bailout
brings the benefit of eliminating risk shifting, (1 — d¢)(1 — 7)C., but
at the expense of increasing the fiscal resources channeled to the bank,
(1-— 50))\(1i—252RG + (1 —v)B — vg). With a hybrid equilibrium, the
regulator has incentives to commit to bailout if the fiscal costs of na-
tionalizing a solvent bank, A(dgc + g), outweigh the excess fiscal costs
of paying for the capitalization of an insolvent bank, (1 — 50))\1f—%2R(;.

Even if banker’s net benefits of pre-committing to bailout are posi-
tive, the regulator may be tempted to defect and nationalize the bank
once the banker reveals the bad portfolio. Nationalizing the bank in-
stead of bailing it out would reduce deadweight costs of using fiscal
resources by,

0
1 — 69

(4.2) Benefits of deviation = (1 — ) A Rg.

The regulator must compare this short run benefit against the cost
represented by the succession of foregone future benefits represented in
condition 4.1.

4.2. Full revelation induced by the threat to randomize na-
tionalization. In these type of equilibria the banker always reveals
truthfully, and the regulator nationalizes the bank only if a bad port-
folio type is declared.
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If the banker declares truthfully, it is not convenient for the regulator
to nationalize a bank with R because he would have to pay the banker
a compensation for the legal and judicial costs of the nationalization.

The banker may face the temptation to conceal a bad portfolio type
in order to avoid nationalization. However, the regulator can discipline
the banker by threatening to randomize, in future games, his decision
to nationalize the bank if he detects a deviation from the banker.

A necessary condition to make the randomization threat credible is:

(4.3) do < 6" and v < min(y**,v").

When condition 4.3 is true, a reversion from the pre-commitment solu-
tion to a hybrid equilibrium solution is always costly for the banker.'®
We can show that this is true by comparing the banker’s expected pay-
offs in the pre-commitment equilibrium and in the hybrid equilibrium.
The banker’s expected payoff when it pre-commits to reveal is equal
to:

Eo(Treveat) = 60(A+ Rg —1+1n)

When the portfolio is good, the banker reveals it and the regulator re-
sponds by doing nothing, which allows the banker to retain the control
of the bank and benefit from (A + R — 1 + n). When the portfolio
is bad and the banker reveals it, the regulator nationalizes the bank
with a payoff equal to zero for the banker, because no legal and judicial
process is needed.

Banker’s expected pay-off in the hybrid equilibrium is:

EO(T"hybrid) = 50[6*(14 —+ RG — 1) -+ (1 — E*)(A -+ RG —1 + 7])] +
+(1—dp)a*[—yc+ (1 —y)(—€c+ (1 — €)02(A+ Rp + Rz — 1))].

The first term, multiplied by g, represents the expected payoff when
the portfolio is good. The second term, multiplied by 1 — §y, repre-
sents the expected payoff when the portfolio is bad and the banker
randomizes between revealing and hiding. The regulator also random-
izes between nationalization and forbearance when the audit observes
the good portfolio type.

I51f the banker expects the regulator to punish him by randomizing the decision
to nationalize a bank with Ir%vg, then it will be optimal for the banker to randomize
as well the decision to reveal the bad portfolio. This pushes the outcome of the
subsequent games to a hybrid equilibrium.
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We can simplify the above term by highlighting that the banker must
be indifferent between revealing and hiding the bad portfolio when it
randomizes:

—ye+ (1 =) (—€c+ (1 —€)f(A+ Rp+ Rg — 1)) = 0.

When this condition is taken into consideration the banker’s expected
payoff simplifies to

Eo(ﬂ'hyb”d) = 50(A + RG — 1) + (1 — 6*)5077.

This implies that the benefits from pre-committing are positive and
proportional to 7:

(44) EO(ﬂ'reveal) - EO (T"hybrid) = (506*77 > 0.

Banker’s expected payoff when he decides to deviate from the pre-
commitment to reveal truthfully is

E0<7Tdeviate) == 50(14 + RG -1+ 77) + (1 - 50)(_76 +
(1 =9)02(A+ Rp + Rg — 1)).

The deviation from the pre-commitment improves the short run banker’s
pay-off because the difference between Ey(Tieviate) and Eo(Treveat),

(4.5) Benefits of deviation = (1—6p)(—yc+(1—7)d2(A+Rp+Rc—1)),

is always positive when v < v**. The banker is disciplined when reg-
ulator’s randomization creates a succession of foregone benefits dpen
for the subsequent games that outweigh the short run benefit of the
deviation, (1 — dg)(—yc+ (1 —¥)d2(A+ R + Rg — 1)).

5. POLICY IMPLICATIONS

Among the two possible pre-commitment options, the regulator prefers
the threat of randomizing nationalization in order to achieve banker’s
full revelation. The regulator has, therefore, the incentives to use policy
instruments v, ¢, and g to induce the mentioned equilibrium.

The analytical solution of the model with pre-commitment is com-
plex, therefore we use numerical examples to show how 7, ¢, and g can
influence regulator’s ability to pre-commit. We present the numerical
examples in four different policy scenarios to understand how the pol-
icy environment affects the instruments’ efficacy. Table 1 presents the
scenarios, in terms of the severity of the bank insolvency, d5, and the
severity of the fiscal situation, X\. A value of d5 equal to 0.35 represents
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a severe case of insolvency and the value 0.6 a moderate case of insol-
vency. A value of A equal to 3.5 reflects a tight fiscal situation while a
value of 0.5 a loose fiscal situation.

TABLE 1. Scenarios

1 2 3 4
) 035 035 06 0.6
A 3.5 0.5 3.5 0.5
A-1 0.1 0.1 0.1 0.1
do 0.7 0.7 0.7 0.7
Rg 0.064 0.064 0.064 0.064
Rp -0.15 -0.15 -0.15 -0.15
n 0.003 0.003 0.003 0.003
0.3 0.3 0.3 0.3
0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01

Q@ O 2

The numerical examples are included in tables 2, 3, 4, and 5. In each
table, we present the net benefits for the regulator of pre-committing to
bailout and the net benefits for the banker of pre-committing to reveal
truthfully, when the regulator threatens to randomize his decision to
nationalize. The tables also include the no pre-commitment equilibria
(a, €").

According to the numerical examples, the regulator faces no policy
problems when v and ¢ are high enough to induce the separating equi-
libria (represented as €* = 0 and a* = 0 in the tables). In this case the
regulator does not need to pre-commit to any policy because the detec-
tion with the in-situ inspection represents already an effective threat
to the banker. In scenarios 1 and 2 the revelation problem is solved
when ¢ > 0.01 and v > 0.3. In scenarios 3 and 4, parameters ¢ and -y
are required to be above 0.02 and 0.5, respectively. ¢

The more interesting case, however, is to understand the commit-
ment alternatives open to the regulator when separating equilibria are
unfeasible.

16parameters ~ and ¢ must be higher in scenarios 3 and 4 because bank insolvency
is less severe, o = 0.6. Consequently, the banker has higher incentives to hide bad
portfolios because the risky bet is more likely to pay off. In order to stop the banker

from taking the bet, the probability of detection and the private costs of detection
must be increased to a higher level.



25

The numerical examples indicate that low parameter values for -,
¢, and g allow the regulator to induce full revelation by threatening
with random nationalization. What explains this result? Low values
for parameters v, ¢, and ¢ increase banker’s incentives to hide bad
portfolios, and increases the regulator’s convenience of nationalizing a
bank with }f%vG Both effects, together, create the conditions for the
regulator to randomize nationalization.

It must be highlighted that the ability of the regulator to pre-commit
to random nationalization will depend on the scenario in place. The
pre-commitment is possible in scenarios 1, 2, and 4. In scenario 3,
when bank insolvency is moderate and when the fiscal situation is tight
(03 = 0.6 and A = 3.5), the pre-commitment to random nationalization
is unfeasible. The explanation is straightforward. On the one hand, if
the value of 9, is high and close to ¢y, risk-shifting does not introduce
high distortions. This reduces the expected benefits of nationalizing a
bank with If%\;, and therefore the ability to threaten the banker with
random nationalization. On the other hand, when the probability &
is high, a high level of X increases the costs of nationalizing a bank
with f%?; In the numerical examples we have assumed precisely a high
probability g, equal to 0.7. So, when both d; and A are high, the
regulator’s incentives to threaten the banker with randomization are
at its lowest, and therefore the pre-commitment is unfeasible.

The numerical examples also indicate that often the regulator can
pre-commit to both types of policies: bailout and random nationaliza-
tion. This is the case of scenarios 1 and 2, provided that the parameter
values of v, ¢, and g are low enough (see tables 2 and 3).

The regulator can pre-commit to bailout only in scenarios 1 and 2,
where bank insolvency is severe 0o = 0.35, because the regulator can
offer a low capitalization to discipline the banker. The banker would
accept the offer due to the low probability of success of the risky bet.
In scenarios 3 and 4 the risky bet’s probability of success is higher
03 = 0.6, therefore the capitalization offer has to be higher. In fact,
in scenarios 3 and 4 the capitalization of the bank AK must be equal
to 0.146 while in scenarios 1 and 2 the required capitalization is only
0.0846.

It is interesting to note that the regulator can pre-commit to bailout
in scenario 1 even though A is equal to 3.5. Common wisdom would
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suggest that a tighter fiscal situation would reduce regulator’s incen-
tives to pre-commit to bailout. The results show, however, that the
regulator’s net benefits of pre-committing to bailout are higher when
the value of A is 3.5 rather than 0.5. The explanation lies in the expres-
sion for the net benefits of pre-committing to bailout: condition 4.1.
When the expected pay-off associated to bailout is compared with the
expected pay-off of an hybrid equilibrium, parameter A\ has no impact
on the sign of the net benefits, but only on the magnitude of the costs
and benefits. 17

Scenario 4, where bank insolvency is moderate and the fiscal situa-
tion loose, is the only case in which the regulator can pre-commit to
random nationalization but has no ability to pre-commit to bailout.
The regulator cannot pre-commit to bailout because capitalizing the
bank is too expensive (AK = 0.146). A high d, (equal to 0.6) also
reduces the benefits of pre-committing to randomization. In this case,
nevertheless, the loose fiscal situation makes possible the randomiza-
tion threat.

6. THE RENEGOTIATION PROBLEM

The model with pre-commitment generates multiple equilibria in sce-
narios 1 and 2 but does not include a mechanism to select among
them, consequently we can only make conjectures about how the se-
lection takes place. It is evident, however, that a policy problem arises
in these scenarios because the agents’ preferences regarding the pre-
commitment options differ. The regulator prefers the equilibrium with
random nationalization, while the banker prefers the equilibrium with
bailouts.

Lets assume that the banker and the regulator renegotiate after the
first stage game. If the regulator announces at the beginning of the
first game his preferred option, the threat to randomize, the banker
would have incentives to hide the bad portfolio with the objective of

1"Recall that the regulator’s pay-off with a hybrid equilibrium is equal to the
pay-off he would get if nationalization was played in every possible case, because
by definition the regulator is indifferent between nationalizing or not a bank with
EZ;. Therefore, the net benefits of bailout are calculated by comparing how much
fiscal resources the regulator has to pay if the nationalized bank is solvent with
how much more fiscal resources have to be used for capitalizing the bank if it is
insolvent.
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renegotiating a policy shift to bailout for the subsequent games. This
makes sense for the banker if he can push the regulator to offer bailouts
for future games, instead of going through with the punishment by
randomizing. If the regulator is convinced that the banker would not
reveal truthfully unless a bailout is offered, then the regulator may
soften his position because a pre-commitment to bailout is better than
no pre-commitment at all.

The regulator will be able to shift the equilibrium to his prefered
option if he can make the banker believe that bailout will never be
used. An analysis of reputation building, however, escapes the breath
and scope of our paper.

The numerical examples show that reducing v, ¢ or g does not help
to solve the renegotiation problem when the severity of the bank in-
solvency is high, as in scenarios 1 and 2. The only way to avoid the
pressure for a bailout, would be to induce a separating equilibrium by
increasing « or c. This option is costly and potentially welfare reducing
if the investment costs of introducing the changes are too high.

We highlight here an alternative solution to avoid bailouts without
carrying out the improvement in . The banker would agree to reveal
truthfully, even if v remained low, provided that there was a credible
threat of improving the probability of detection, for example, from -~y
to YI-

To make this point we need to modify the model in two ways. First,
we need to allow the regulator and banker to renegotiate after the
outcome of the first game is known. We have to provide the regulator
also with the chance of investing an amount of fiscal resources I in bank
supervision, after the first game was played, and before the subsequent
games start. Second, the increase in 7, due to the investment in bank
supervision, must have a negative impact on the bank’s assets returns,
—1), such that after the investment the expected return of the asset
portfolio is lower: R =R- ¥. The term —v would reflect to some
extent the effects of financial repression over the return of the bank’s
assets.

If the improvement in the probability of detection is high enough
such that

A+ Rp+ Rg—1 —1)

6.1 > ,
(6.1 i c+6(A+Rp+ Rg —1 —1)
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then the regulator would induce, with the investment, separating equi-
libria in all the subsequent games to be played.

If the banker would hide the bad portfolio and tries to renegotiate a
bailout for the subsequent games, the regulator could answer by invest-
ing in bank supervision. The regulator would prefer to invest rather
than renegotiate (and promise the banker a bailout) if the inefficiency
1 was small enough:

A 5
& ((1-6))—2—Rg—1I).
< 1+(1—60))\(( %)3 5, e )

It is obvious also that, if the regulator invests in bank supervision, the

(6.2) (8

banker would receive a payoff that is worse than the expected pay-
off in any of the two possible pre-commitment equilibria without the
investment. Therefore, the banker would have no incentives to hide
and renegotiate in order to extract bailouts from the regulator.

7. DISCUSSION

Here we will discuss the merits of the assumptions that allowed the
regulator, in our model, to pre-commit to randomize his decision to
nationalize the bank.

The policy implications of our model depend crucially on the as-
sumption that the regulator and banker make their decisions having
a long-run horizon: playing the game infinitely. This assumption may
seem unrealistic, as it would be difficult to justify the banker playing the
game again after the bank was nationalized. In other words, it would
seem more realistic to analyze the policy problem using a repetitive
game scenario, where a long run agent, the regulator, interacts with a
succession of short run players, the bankers. If this was the case, the
regulator would only be able to pre-commit to bailout. The banker,
with a short run horizon, would have no means of pre-committing to
reveal truthfully if subjected to the threat of randomization.

We argue that our results are still valid if we consider bankers as
short run players. If the pre-commitment to reveal truthfully increases
banker’s expected pay-off, the right incentives would be in place for the
creation of institutions that punish bankers that hide bad portfolios.
Lets consider, for example, a framework with multiple banks. Bankers
would improve their welfare by benefiting the other bankers of the sys-
tem with interests in their own bank, in order for them to internalize
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the costs of deviating from the pre-commitment to reveal. Then, hid-
ing a bad portfolio in one bank would hurt the banker’s interests in
the other banks of the system, if the regulator decides to punish all
by randomizing. These arguments, however, go beyond the scope of
this paper. One possible line of future research could be oriented to
formalize the type of arrangements that would discipline the banker.

In our model, parameter n allowed the banker to credibly commit
to reveal truthfully when subjected to the threat of randomization by
the regulator. We assumed that n reflects the private benefits that
bankers receive when they manage a bank with a good portfolio. Even
though the existence of 1 > 0 is necessary to arrive to our results, the
underlying requirement was that the regulator must value the bank
by less than the banker: the price he is willing to pay for the bank is
lower than the minimum that the banker would accept under normal
circumstances. When the regulator randomizes and nationalizes a sol-
vent bank, the banker would suffer a loss because the regulator would
deny any compensation for . Consequently, we can arrive to the same
results with alternative ways of understanding 7. For example, an in-
teresting possibility would be to consider n as the superior ability of
private bankers to collect debt repayments.

The ability to induce full revelation with random nationalization
depends in our model on the regulator having a high level of discretion.
This was introduced by condition 3.6, a ceiling on the costs that a
regulator has to endure in order to nationalize a bank that has declared
itself to be solvent. If the institutions that protect bankers’ property
rights are strong, such that condition 3.6 is violated, then full revelation
would be unfeasible. The results of our paper are valid, therefore,
when the regulator can over rule the institutions that protect bankers’
property rights.

8. CONCLUSION

We present a model that describes how a regulator tackles the prob-
lem of bank insolvency. We find that, although there exists an equilib-
rium at which it is optimal for the regulator and the banker to random-
ize their actions, the regulator’s and the banker’s payoffs and welfare
can be increased by introducing the possibility of two different types
of pre-commitment. On the one hand, the regulator can induce the
banker to full revelation by pre-committing to benefit the banker with
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a bailout; on the other hand, the regulator can pre-commit to punish
the banker by randomizing his policy choice. The regulator always
prefers the second type of arrangement, while the banker prefers the
first. The regulator wants to induce the banker to reveal truthfully by
convincing him that bailout would not be the chosen policy to tackle
the potential insolvency.
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TABLE 2. Scenario 1: Severe insolvency (d2 = 0.35) and

fiscal crisis (A = 3.5)
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Pre-commitment to Bailout

Pre-commitment to randomize nationalization

Regulator’s net benefit
from pre-committing

Banker’s net benefit

from pre-committing

to bailout (a®) to reveal (e*)
v=0.1 0.0232 0.567 0.0005 0.259
v=0.2 0.0232 0.638 0.0004 0.167
v=0.3 0.0232 0.729 0.0001 0.048
v =0.35 -0.0363 0 0 0
vy=04 -0.0363 0 0 0
v=0.5 -0.0363 0 0 0
v=0.6 -0.0363 0 0 0
c = 0.0025 0.0048 0.456 0.0011 0.524
c=0.005 0.0109 0.547 0.0006 0.286
c=0.01 0.0232 0.729 0.0001 0.048
c=0.0125 -0.0363 0 0 0
c=0.015 -0.0363 0 0 0
c=0.02 -0.0363 0 0 0
c=0.025 -0.0363 0 0 0
g = 0.005 0.0057 0.519 0.0001 0.048
g =0.01 0.0232 0.729 0.0001 0.048
g =0.015 0.0407 0.964 0.0001 0.048
g =0.02 0.0445 1 -0.00015 0
g = 0.025 0.0461 1 -0.00015 0
g =0.03 0.0477 1 -0.00015 0
g =0.035 0.0492 1 -0.00015 0
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TABLE 3. Scenario 2: Severe insolvency (d2 = 0.35) and
no fiscal crisis (A = 0.5)

Pre-commitment to Bailout

Pre-commitment to randomize nationalization

Regulator’s net benefit
from pre-committing

Banker’s net benefit

from pre-committing

to bailout (a®) to reveal (e*)
v=0.1 0.0033 0.236 0.0005 0.259
v=0.2 0.0033 0.265 0.0004 0.167
v=0.3 0.0033 0.303 0.0001 0.048
v =0.35 -0.0052 0 0 0
vy=04 -0.0052 0 0 0
v=0.5 -0.0052 0 0 0
v=0.6 -0.0052 0 0 0
c = 0.0025 0.0007 0.189 0.0011 0.524
c=0.005 0.0016 0.227 0.0006 0.286
c=0.01 0.0033 0.303 0.0001 0.048
c=0.0125 -0.0052 0 0 0
c=0.015 -0.0052 0 0 0
c=0.02 -0.0052 0 0 0
c=0.025 -0.0052 0 0 0
g = 0.005 0.0008 0.222 0.0001 0.048
g =0.01 0.0033 0.303 0.0001 0.048
g =0.015 0.0058 0.388 0.0001 0.048
g =0.02 0.0083 0.476 0.0001 0.048
g = 0.025 0.0108 0.569 0.0001 0.048
g =0.03 0.0133 0.667 0.0001 0.048
g =0.035 0.0158 0.769 0.0001 0.048
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TABLE 4. Scenario 3: Non-severe insolvency (dy = 0.6)
and fiscal crisis (A = 3.5)

Pre-commitment to Bailout Pre-commitment to randomize nationalization
Regulator’s net benefit Banker’s net benefit
from pre-committing from pre-committing
to bailout (a®) to reveal (e*)
v=0.1 -0.0661 1 -0.0020 0
v=0.2 -0.0688 1 -0.0015 0
v=0.3 -0.0716 1 -0.0009 0
v =0.35 -0.0729 1 -0.0006 0
vy=0.4 -0.0743 1 -0.0003 0
v=0.5 -0.1013 0 0 0
v=0.6 -0.1013 0 0 0
c = 0.0025 -0.07155 1 -0.001575 0
c = 0.005 -0.07155 1 -0.00135 0
c=0.01 -0.07155 1 -0.0009 0
c=0.0125 -0.07155 1 -0.000675 0
c=0.015 -0.07155 1 -0.00045 0
c=0.02 -0.07155 1 0 0
c=0.025 -0.10125 0 0 0
g = 0.005 -0.073125 1 -0.0009 0
g =0.01 -0.07155 1 -0.0009 0
g =0.015 -0.069975 1 -0.0009 0
g =0.02 -0.0684 1 -0.0009 0
g =0.025 -0.066825 1 -0.0009 0
g =0.03 -0.06525 1 -0.0009 0
g =0.035 -0.063675 1 -0.0009 0
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TABLE 5. Scenario 4: Non-severe insolvency (d; = 0.6)
and no fiscal crisis (A = 0.5)

Pre-commitment to Bailout Pre-commitment to randomize nationalization
Regulator’s net benefit Banker’s net benefit
from pre-committing from pre-committing

to bailout (a®) to reveal (e*)
v=0.1 -0.0060 0.825 0.0008 0.402
v=0.2 -0.0060 0.928 0.0007 0.327
v=0.3 -0.0064 1 -0.0009 0
v =0.35 -0.0068 1 -0.0006 0
vy=0.4 -0.0073 1 -0.0003 0
v=0.5 -0.0145 0 0 0
v=0.6 -0.0145 0 0 0
c = 0.0025 -0.0086 0.663 0.0014 0.677
c = 0.005 -0.0077 0.795 0.0010 0.474
c=0.01 -0.0064 1 -0.0009 0
c=0.0125 -0.0064 1 -0.0007 0
c=0.015 -0.0064 1 -0.0005 0
c=0.02 -0.0064 1 0 0
c=0.025 -0.0145 0 0 0
g = 0.005 -0.0085 0.737 0.0005 0.231
g =0.01 -0.0064 1 -0.0009 0
g =0.015 -0.0061 1 -0.0009 0
g =0.02 -0.0059 1 -0.0009 0
g =0.025 -0.0057 1 -0.0009 0
g =0.03 -0.0055 1 -0.0009 0
g =0.035 -0.0052 1 -0.0009 0
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