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Abstract

We construct a model in which accounting information and prudential regulation
interact to affect banks’ incentives to originate loans. Prudential regulators impose
capital requirements on banks but cannot commit to ex-ante efficient interventions
and respond instead to ex-post accounting information. We show that account-
ing measurement and capital requirements are complementary tools that affect the
level and efficiency of credit decisions. Comparative statics link capital requirement,
quality of accounting information, and regulatory intervention to credit market con-
ditions. An application is to the current debate on the expected loss provisioning
model recently adopted in the financial industry.
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1. Introduction

Prudential regulation relies on inputs from accounting numbers. However, in view of
different institutional history and objectives, banking regulators and accounting standard
setters do not implement policies based on an explicit articulation of joint mission state-
ments. The mission of the Board of Governors of the Federal Reserve is to “foster the
stability, integrity, and efficiency of the nation’s monetary, financial, and payment systems
so as to promote optimal macroeconomic performance” (Government Performance and
Results Act Annual Performance Report, 2011) while standard setters such as the Finan-
cial Accounting Standard Board (FASB) aim at “providing financial information about
the reporting entity that is useful to existing and potential investors” (FASB Concepts
Statement No.8). In this paper, we provide a framework in which prudential regulators
learn from banks’ accounting systems. Such systems, in turn, depend on the prevailing
accounting standards (Barth and Landsman 2010, Bushman 2014) and we highlight the
role that accounting standards may play in influencing a bank’s prudential regulation.

We augment a standard banking model in which a representative bank is subject to
shareholders-depositors conflicts with a measurement friction. The bank’s shareholders
have incentives to engage in excessive risk-taking and the regulator can mitigate such
inefficiency in two ways: (1) by imposing a capital requirement that constrains the ability
of the bank’s shareholders to originate risky loans and (2) by designing a reporting system
informative about default risk and affecting the regulatory intervention policy. In order
to provide efficient ex-ante incentives to originate safe loans, the regulator prefers an
intervention policy that is excessive from an ex-post perspective - implying regulatory
interventions in some otherwise healthy banks. However, this policy is not credible in a
pure prudential regulation benchmark with full information on default risk. In response to
full transparency, the prudential regulator must impose overly strict capital requirements,

thereby constraining lending.



The accounting reporting system can be designed ex-ante to increase ex-post regulatory
interventions, similar to a conservative reporting system which makes bad news more
likely. FExcessive ex-post interventions, in turn, reduce the bank’s risk-taking incentives
and allows the regulator to set looser capital requirements. Our main result is that the
optimal reporting system and capital requirement are complementary regulatory tools
that generate more surplus when used together. Our model further allows us to examine
how bank leverage and transparency adjust to shocks to the economic environment, and
we discuss their dependence on the proportion of safe loans in the economy, the payoft
structure of safe and risky loans, and the proceeds from regulatory interventions.

As an application, our model informs the recent debate surrounding the change in
the way banks should recognize losses on their loan portfolios. Under the new standards
(CECL and IFRS 9), banks no longer use an incurred loss model which has been criticized
as delaying recognition of losses as it only considers current and historical information to
determine if a credit loss exists. The new standards require banks to use an expected loss
model to measure credit losses based on estimates of cash flows that the lender does not
expect to collect. An expected loss incorporates historical information, current conditions,
and reasonable forecasts of collection. By recognizing losses earlier, the threshold for
recognizing losses would potentially be lower under an expected loss model relative to an
incurred loss model. An insight from our model is that such excessive interventions induced
by an expected loss model could indeed be socially desirable because it not only reduces

the bank’s risk-taking behavior but it also increases the bank’s capacity to originate loans.

Literature review From a theoretical standpoint, there is an extensive literature show-
ing how agency frictions place bounds on the size of firms, see, e.g., Holmstrom and Tirole
(1997) or Liang, Rajan and Ray (2008). We borrow heavily from these ideas because in
our model, a capital requirement on the bank bounds the size of its loan portfolio. To our

knowledge, this literature does not jointly focus on the size of firms and the design of the



information system which we view as the novel elements of our model.

The broader question of the optimal information design in response to agency problems
has a long history in accounting, with contributions along two paths: first, the design of
the information system can address commitment problems in contracting settings (Crémer
1995, Arya, Glover and Sivaramakrishnan 1997, Goex and Wagenhofer 2009); second,
prior literature finds many environments in which reporting motives will affect investment
(Kanodia and Sapra 2016, Gao and Jiang 2018). Our model borrows from both approaches,
in that we examine the interactions between commitment, information design and the
optimal size of a loan portfolio.

A strand of the banking and accounting literature has emerged since the 2007-08 finan-
cial crisis and highlights the differences between fair value and historical cost accounting.
Bleck and Liu (2007), Allen and Carletti (2008), Plantin, Sapra and Shin (2008), Burkhardt
and Strausz (2009), and Mahieux (2019) examine the impact of mark-to-market account-
ing on bank risk and financial stability. Heaton, Lucas and McDonald (2010) analyze the
interaction between mark-to-market accounting and capital requirements in affecting the
social cost of regulation. Corona, Nan and Zhang (2019a) examine the discretionary use
of fair value accounting and its impact on bank lending. Lu, Sapra and Subramanian
(2019) study the optimal use of mark-to-market accounting in implementing capital re-
quirements, in the presence of asymmetric information and agency conflicts. Furthermore,
Dewatripont and Tirole (1994) show that historical cost accounting may reduce the abil-
ity of prudential regulators to discipline banks, whereas Bleck and Gao (2017) study the
effects of mark-to-market on banks’ loan origination and retention decisions. While these
preceding studies take the bank’s information system as given or compare two accounting
regimes, we endogenize the bank’s accounting system as well as the prudential regulation.

Our paper is also related to the burgeoning theoretical literature that examines the role
of accounting measurements and disclosure in affecting financial stability and prudential

regulation, see Goldstein and Sapra (2014) for a recent survey. Corona, Nan and Zhang



(2019b) examine the coordination role of stress-test disclosure in affecting bank risk-taking.
Gao and Jiang (2018), Liang and Zhang (2019), and Zhang (2020) analyze the role of
accounting information in stabilizing bank runs. Corona, Nan and Zhang (2015) examine
the impact of accounting information quality on the efficiency of capital requirements and
banks’ risk-taking incentives, taking into account the competition among banks. In this
paper, we solve for the optimal information system and we shed light on how regulatory
capital should be tailored to the accounting standards. Our results therefore call for a
better coordination between prudential regulators and accounting standard setters.

Within this literature, several studies are closely related to ours. Bleck and Opp (2019)
focuses on optimal risk-based capital requirements when banks have private information
about their desirable level of risk-taking and bank defaults cause a negative aggregate
externality in the banking sector. In their model, the optimal regulatory mechanism
with asymmetric information may feature bunching banks into separate risk classes. Li
(2017) analyzes risk-taking incentives in banks in presence of capital regulation under
different accounting regimes. She shows that the accounting regime that maximizes the
social welfare is determined by a tradeoff between the social cost of capital regulation and
the efficiency of the bank’s project discovery efforts. Mahieux, Sapra and Zhang (2020)
study two loan loss provisioning regimes and analyze the impact of early loss recognitions
on banks’ risk-taking incentives. In comparison to these studies, here, our focus is on
undesirable risks and the regulator prefers to induce the bank to originate low-risk loan
portfolios; further, we focus on excessive risk-taking due to the combination of banks’
limited liability and deposit insurance: these assumptions imply that the losses from risky
banks are not fully paid by banks and the depositors, requiring intervention to re-align
social and private risk-taking incentives.

Several empirical studies provide evidence that financial reporting affects banks’ risk-
taking incentives. Chircop and Novotny-Farkas (2016) suggest that extending the use

of fair values for regulatory purposes reduces ex-ante risk-taking and Ellul, Jotikasthira,



Lundblad and Wang (2015) find that the use of fair values in statutory accounting reduces
ex-ante risk-taking incentives in insurance firms. Beatty and Liao (2011) and Bushman
and Williams (2012) find that forward-looking provisions reflecting timely recognition of
expected future loan losses is associated with enhanced risk-taking discipline. Consistent
with these studies, we show how a well-designed accounting system may interact with a
bank’s capital requirement to control the bank’s risk-taking incentives.

The rest of the paper proceeds as follows. Section 2 describes the baseline model. In
section 3, we analyze the equilibrium with regulatory commitment, in the single policy
benchmarks, and in the main model with joint policies respectively. We analyze the
robustness of our results to alternative mechanisms in section 4. In section 5, we discuss
the insights of our model with respect to the optimal loan loss provisioning model for

banks. Finally, section 6 concludes. All the proofs are relegated to the appendix 1.

2. The model

2.1. Timing of events

We augment a standard risk-shifting banking model with a measurement friction. The
model has four dates, indexed by t = 0,.5,1,2, and features a regulator, a bank, and
passive insured depositors. For simplicity, we assume that the bank’s manager acts in the
best interest of the bank’s shareholders: hence, we use the terms “bank shareholders” and
“bank” interchangeably in the rest of the paper. The regulator’s task is to provide deposit
insurance while maximizing social welfare, i.e., the expected surplus of the bank’s loan

portfolio.! Figure 1 summarizes the sequence of events.

IThe assumption that the regulator maximizes social welfare is consistent with the prior literature
on banking regulation (Campbell, Chan and Marino 1992, Giammarino, Lewis and Sappington 1993,
Hellmann, Murdock and Stiglitz 2000, Repullo 2004, Gorton and Winton 2017). Moreover, in line with a
vast strand of the banking literature, we assume that deposits are insured for reasons outside the model
(Hellmann et al. 2000, Repullo 2004, Boyd and De Nicolo 2005, Martinez-Miera and Repullo 2010). Note
that we have left aside questions pertaining to runs, noting that there exists a literature modeling the
issue of excessive coordination on accounting outputs, see, e.g., Plantin et al. (2008) or, recently, Gao



t=0 t=.5 t=1 t=2

The regulator chooses a The bank makes a risk The reporting system yields The loan payoff realizes:

capital requirement choice r. The bank then s and reports assets Aj. « for a safe loan, 8

and a reporting system 9. originates a loan portfolio The bank violates the capital ~with prob. p and 0 with

Banks raise D = and gets a safe loan or requirement if E1/A; < 1/, prob. 1 —p for a risky

A — FE from depositors a risky loan. in which case the regulator loan without restructuring,

st. AJE <~. intervenes and may and L for a risky
restructure the loan. loan with restructuring.

Figure 1: Model timeline

At t = 0, the bank has an exogenous amount of equity £ > 0. The regulator chooses a
capital requirement v > 1 for the bank, which we model as a maximum size of the bank’s
loan portfolio A > E.2 The regulator also designs a reporting system ¢ that maps a random
variable p € [0, 1], capturing the probability of default of the bank’s loan portfolio, to an
interim signal s € [0, 1] that will determine whether the regulator intervenes at ¢ = 2. The
(inverse) probability of default p has a distribution F(.) and a density f(.), mean p,, and
full support on [0, 1].

Given the capital requirement v set by the regulator, the bank chooses its size A and
obtains D = A — E from depositors. Deposits are fully insured and depositors receive
a risk-free interest rate normalized to zero. At t = 0, after raising deposits, the bank’s

balance sheet is therefore given by

A = F + D such that

) o

<.

At t = .5, the bank makes an unobservable risk choice r € {0,1} before originating

a loan portfolio. Conditional on originating a low-risk loan portfolio » = 0, the bank

and Jiang (2018). Runs create an additional channel through which bank failures may contaminate other
banks.

2The regulator only uses a simple leverage ratio to regulate capital. This is consistent with the newly
proposed Basel III framework.

Under Basel 1T and III, bank regulators may also use some risk-weighted measure of assets to regulate
capital. Adding an additional risk-weighted capital constraint in our model would not affect any of our
results for two reasons. First, at ¢ = 0, the bank always satisfies the risk-weighted capital requirement
because, prior to originating its loans, the bank’s assets are consisted of only cash, which receives a risk
weight of 0. Second, as shown in our later analysis, with only the leverage requirement, the regulator
already implements the ex-post optimal restructuring policy at ¢t = 1.



receives a safe loan with probability ¢ € (0,1) and a risky loan with probability 1 — g.
Conditional on originating a high-risk loan portfolio » = 1, the bank receives a risky loan
with probability 1. To avoid a trivial solution to the model, we assume that a high-risk
portfolio is always socially undesirable while a low-risk portfolio has positive social value
(see the formal assumptions at the end of this section). After making the risk choice r,
the bank originates and invests its cash A in the loan portfolio.?

We use a standard payoff structure for the safe loan and the risky loan to capture risk-
taking in the banking industry (Hellmann et al. 2000, Repullo 2004). A safe loan returns
a payoff a regardless of the probability of default p, whereas a risky loan returns g > «
with probability p and zero with probability 1 — p. As a result, an increase in risk implies
a larger payoff in case of no default but a higher likelihood of default. As in Hellmann
et al. (2000) and Repullo (2004), this payoff structure combined with deposit insurance
implies a negative risk externality: the bank and depositors do not bear the full loss from
a failing loan because the bank’s shareholders cannot lose more than the initial equity F
and depositors are fully insured. Hence, in the absence of capital requirements, the bank
may increase its expected payoff by originating a value-destroying high-risk loan portfolio
and does not internalize the cost on regulators from failing loans. In our model, therefore,
capital requirements are useful because the regulator acts as a lender of last resort and
bears the externality of failing loans.*

At t = 1, the regulator and the bank observe a signal s sent by the reporting system.

The signal s is equal to the true probability of default p with probability ¢ € [0, 1] and is

3Note that, after originating the loan portfolio, whether the bank learns that the loan is safe or risky
is irrelevant because the bank does not take any action after t = .5 in our model.

4The cost of failing loans in terms of making up the losses of depositors is only one of the potential
costs but there could be other costs of risk-taking that would further increase the need (in our model) for
regulation, see, e.g., Bleck (2018). In our model, prudential regulation is caused by the regulator acting
as a lender of last resort: we study in section 4.2 an extension of our model in which there an additional
negative externality in case of banking failure. One potential solution to this risk-shifting problem would
be to prohibit loans whose interest rate is too high, which we do not allow in our model since we assume
that loan characteristics are not contractible. However, in practice, not all loan characteristics are easily
observable by regulators and issuing a set of acceptable interest rates conditional on each type of loan
would require a degree of regulatory control that is far beyond current institutions.



pure noise with probability 1 — 4, in which case s is randomly drawn from a distribution
with density f(.).> The parameter § captures the precision of the reporting system designed
by the regulator at t = 0.9

After observing the signal s, the bank updates the book value of its loan portfolio. The

expected probability of default given the signal s is

E(p|s) = 05+ (1 — 6)pm.

For the reporting system to affect the capital requirement, we assume that the reporting

system delivers a measure of the bank’s assets equal to the expected repayment of the loan

Ar = Alga + (1 = @)E(pls) ). (2.1)

Given that the liability D to depositors is fixed, the bank’s equity is

E,=A—D=A(qu+ (1 —q)E(p|s)B) — D. (2.2)

As a result, at t = 1, the bank violates the capital requirement v if and only if

E 1
=<, (2.3)
Ay
in which case the regulator intervenes. In practice, a regulator has broad discretion in terms
of what actions to take upon intervention ranging from being passive, thereby allowing the

bank to continue its operations to a reorganization, a partial asset sale, a reduction in the

scope of the bank or even a liquidation. For simplicity, we focus on two possible regulatory

5Without loss of generality, specifying in these models the distribution of the noise to be equal to the
distribution of the probability of default makes the analysis more tractable in that posterior expectations
remain linear in the signal (Guttman and Marinovic 2018, Ganuza and Penalva 2019).

6The regulator only controls the probability that the interim signal s is noisy but takes the distribution
of the noise as a given. In section 4.3, we assume that the regulator controls the entire distribution of the
accounting signal, i.e., we solve for the optimal persuasion mechanism, and we obtain similar results.



actions: continuation or restructuring. We assume the regulator learns the type of the
loan upon violation of the capital requirement. Otherwise, if the bank does not violate
the capital requirement v, the regulator does not intervene and there is continuation.

In our model, restructuring is not socially contractible, that is, for various reasons, the
regulator cannot implement a policy to restructure the bank’s loan if doing so does not
increase surplus at ¢ = 1.7 Therefore, if the bank violates the capital requirement, the
regulator restructures the bank’s loan if and only if the expected payoff from restructuring
is greater than the expected payoff from continuation.

We assume that a safe loan yields a payoff less than o with restructuring, so that the
regulator always continues after observing a safe loan, in which case the bank gets the
same payoff as without regulatory intervention. By contrast, if the bank has a risky loan
and the regulator restructures the loan, the bank’s shareholders do not recover terminal
dividends. This assumption is consistent with most bank liquidations observed in practice
(Granja, Matvos and Seru 2017). It can be micro-founded if banks cannot efficiently
restructure loans and, instead, restructuring requires action by a second-best party such
as a regulator or a better-capitalized intermediary. Only the regulator can restructure
a risky loan and recover, possibly over time, a payoff £ € (p,,/,1), so that the residual
payoff of the bank conditional on restructuring is zero.® The payoff of the risky loan £
with restructuring is sufficiently large in order to rule out a setting in which restructuring
would never be credible. This is consistent with Dewatripont and Tirole (1994) in which
regulatory intervention is ex-post desirable if and only if the bank’s asset is a low-quality

asset.

“For most of the paper we shall maintain the assumption that the regulator cannot commit to a par-
ticular regulatory action before receiving the signal s. While the law may prescribe a capital requirement,
law-makers might not ex-ante control what interventions a regulator would implement ex-post or may be
subject to public pressure not to take corrective actions that reduce surplus ex-post. In section 3, we
derive the results of our model when the regulator has full commitment power and we discuss why we
believe that the no-commitment assumption is more appropriate.

8In appendix 2, we show that similar results hold even if the bank with a risky loan has some residual
equity left after restructuring.

10



At t = 2, the payoff of the loan is realized. The payoff of the loan is 7 = « if the loan
is safe; otherwise, if the loan is risky, the payoff is 7 = £ with restructuring, and = = 8
with probability p or 7 = 0 with probability 1 — p in the absence of restructuring. The
regulator compensates depositors if the bank fails, i.e., if Ar < A — E, with a lump sum

payment which we assume is financed via an ex-ante tax.

2.2. Assumptions

For our baseline model, we make the following assumptions 1-4 on the parameter values.

Assumption 1. If the bank originates a high-risk loan portfolio (r = 1), the expected
surplus is negative:

E (max (£, pp)) < 1. (2.4)

This assumption ensures that regulator must provide incentives to the bank to originate

a low-risk loan portfolio to create value.

Assumption 2. If the bank size is arbitrarily large, the bank’s loan portfolio has a
negative NPV. A sufficient condition for this to hold is that, at the minimal precision
such that the NPV of the low-risk loan portfolio is zero, the bank’s incentive constraint

does not hold for an arbitrarily large bank size:

1 _ a—1,
/; (g—<1-ao>pm)(5°p + (1= d0)pm)f(p)dp > 5= (2.5)

0

The precision dg can be explicitly written as

ga + (1= g)E (max (£, (Gop + (1= 3)pm)B)) = 1.

9In Lemmas 1-4, we will prove that Equation (2.5) is the bank’s incentive constraint for an arbitrarily

2.
large A evaluated at the restructuring policy % (% —(1- 50)pm) associated to precision dg.

11



Assumption 2 also implies that, if the bank size is arbitrarily large and the regulator learns

p perfectly, the bank originates a high-risk loan portfolio.!°

Assumption 3. A low-risk loan portfolio has a positive value if the reporting system is

perfectly informative:

ga+ (1 — q)E (max (£, ppB)) > 1. (2.6)

Assumption 3 rules out a corner solution in which both the high-risk loan portfolio and
the low-risk loan portfolio are value-destroying. Note that assumption 3 together with

assumption 1 imply that § > a > 1> L.

Assumption 4. The bank is not sufficiently capitalized:

(1-q)(a-L)
B—Qa—(l—Q)£>

[; pf(p)dp. (2.7)

This assumption guarantees that the bank violates the capital requirement at ¢ = 1 when

it is optimal for the regulator to restructure a risky loan.!!

3. Main analysis

We solve the model by backward induction. To this end, we start by solving the reg-
ulator’s optimal restructuring decision at ¢ = 1 given the signal s sent by the reporting
system. Next, we solve for the risk decision r of the bank and the bank’s choice of A.
Lastly, we solve for the optimal reporting system ¢ and the optimal capital requirement ~y
set by the regulator at t = 0.

We will show that the bank optimally chooses A* such that the capital requirement ~y

10Formally, assumption 2 implies that g—:} <[ i pf(p)dp.
]
1Tf this is condition is not satisfied, the regulator would have to set a second interim capital requirement
in order to implement the ez-post optimal restructuring policy at ¢t = 1. The results are unchanged in this
extended setting.

12



is binding at ¢ = 0. Therefore, at t = 1, given the signal s sent by the reporting system,

the equity of the bank is
By = A(ga + (1 — q)E(pls)B) — D. (3.1)

If gao + (1 — ¢)E(p|s)5 > 1, the bank does not violate the capital requirement ~:

By Alga+(1—qE(p[s)3) — D

Ay Aga+ (1—E(p|s)B)

>

|

=
and the regulator does not restructure the loan. Otherwise, if go + (1 — q)E(p|s)5 < 1,

the bank violates the capital requirement ~:
Ey - 1
Ay
The regulator then restructures a risky loan if and only if the associated payoff is greater

than the expected continuation value, i.e., g+ (1 — ¢)E(p|s)8 < ga+ (1 — q) L, which we

can write in terms of the bank equity:
B <E=A(ga+ (1-q)L)—D. (3.2)

The following lemma summarizes the policy implemented by the regulator in this model.

Lemma 1 Att =1, conditional on realized equity Ey, (i) if E1/Ay > 1/7, the bank does
not violate the capital requirement and the regulator does not restructure the loan; (ii) if
Ei /A, € [E/A1,1/7), the bank violates the capital requirement but the requlator does not
restructure the loan; and (i) if E1/A; < E/Al, the bank violates the capital requirement

and the requlator restructures the loan if this is a risky loan.

The regulator first observes the level of equity of the bank FE; after the accounting

signal s is received, and two scenarios may then occur. If the bank does not violate

13



the capital requirement (i) or restructuring would not increase value (i7), the regulator
anticipates that restructuring would decrease social value at this point of the game. On
the other hand, if the bank’s equity £, < Eis sufficiently low, the bank violates the capital
requirement and the regulator restructures the loan if the regulator identifies a risky loan.

Given the realized signal s sent by the reporting system at ¢ = 1, it is convenient
to rewrite the restructuring decision in (3.2) in terms of a threshold 7(d) such that the

regulator restructures a risky loan if and only if p < 7(d), where 7(0) is defined as follows

%7pm

1 Hfo<d< r
7(0) = " (3.3)

: (% —(1- 5)pm> otherwise

Figure 2, below, plots the bank’s equity F; as a function of the (inverse) probability of
default against the restructuring threshold: the regulator restructures a risky loan when
E; < E, to the left of the intersection between the horizontal line and the upward sloping
continuation payoff.'> The continuation payoff is steepest in the probability of default
when the reporting system is perfect (§ = 1). As the reporting system becomes more
imprecise (lower d), the continuation payoff rotates, increasing the set of reports such
that the regulator restructures a risky loan. In other words, by creating uncertainty
about the probability of default, an imprecise measure increases the likelihood of ex-post
restructuring. The next lemma summarizes this result and provides additional comparative

statics.

Lemma 2 The restructuring threshold T(0) increases in the restructuring payoff L, and

decreases in the payoff of a risky loan 5 and in the precision § of the reporting system.

Next, we derive the bank’s expected payoff and examine the bank’s choice of A as well
as the bank’s risk decision r. Recall that the bank with a risky loan receives a zero payoft

with restructuring but, otherwise, receives a payoff Ao — (A — E) when continuing with a

12This was evaluated at ¢ = 0.7, a = 1.1, L = 45, p,, = .2, D =03, A=1and 8 = 1.2.

14
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Figure 2: Restructuring policy as a function of the probability of default

safe loan and E(p|s)(AS — (A— E)) when continuing with a risky loan. In the next lemma,
we show that the expected payoff of the bank increases with bank size, which implies that

the capital requirement v is binding at ¢t = 0.

Lemma 3 Conditional on originating a loan portfolio, the bank’s expected payoff is in-
creasing in the bank size A for any §. Hence, for a given capital requirement ~, the bank

chooses A* = ~F.

With a perfectly informative reporting system 6 = 1 and no capital requirement, the
bank would choose the maximal bank size and would originate a high-risk loan portfo-
lio (assumption 2), which is suboptimal for the regulator (assumption 1). This result
highlights the role of capital requirements in our setting. We capture one of the two key
market failures in the banking industry: insured depositors do not monitor the manage-
ment of their banks and, as a result, banks are engaged in excessive risk-taking (Hellmann
et al. 2000, Repullo 2004, Freixas and Rochet 2008). Hence, the regulator needs to address
the risk-shifting with a capital requirement and an accounting reporting system.

We state next the bank’s incentive constraint. At ¢ = .5, the bank prefers to originate

a low-risk loan portfolio, i.e, » = 0, over a high-risk loan portfolio, i.e., r = 1, if and only

15



if

g(Aa—(A—-E))+(1—q)k(6)(Af - (A-E)) > k(0)(AB - (A-E)) ,

~
bank’s expected payoff with r=0 bank’s expected payoff with r=1

where

k(d) = /1 (6p+ (1 = 8)pm) f(p)dp (3.4)

captures the expected value of the (inverse) probability of default times the probability
that the regulator does not restructure a risky loan. This incentive constraint is equivalent
to:

(Aa — (A= B)) > k(5)(AB — (A — E)). (3.5)

Given that the bank chooses the maximal bank size such that A* = yE, the incentive
constraint (3.5) can be conveniently expressed in terms of a constraint on the capital

requirement
- 1 — k(5)
TEEOG - - (@-1)

(3.6)

In summary, at ¢ = 0, the regulator’s problem is to maximize the expected surplus
from the bank’s loan by inducing the bank to originate a low-risk loan portfolio. The

maximization problem of the regulator can be written as

() mx(.0) = (d0 (1= 0) (FTONE+ KO ~1)o8

5

S.t.
- 1 — k(6)
TEEOB-1) —(a—1)

(3.7)

Before solving this maximization problem, note that the expected surplus from the
bank’s loan is increasing in the bank size A, or, equivalently, in the capital requirement ~.
As a result, the regulator finds it optimal to set the capital requirement + such that the

incentive constraint of the bank always binds in equilibrium.
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Lemma 4 The risk-shifting incentive constraint of the bank (3.7) binds in equilibrium.

Lemma 4 implies that, for the incentive constraint (3.7) can be rewritten as

1 — k(6)

TSRO -D-(a=1) (38)

Intuitively, the greater the payoff from a risky loan 8 (resp. safe loan «), the more
attractive to the bank such loans are, the stricter (resp. looser) the capital requirement.
Further, from (3.4), the function k(J) decreases with the restructuring threshold 7(J).
As a result, a higher likelihood of restructuring facilitates a looser capital requirement,
thus revealing the economic channel through which the reporting system and the capital
requirement interact. We formally state and prove those comparative statics in the single
policy benchmarks section below. Before that, we explain the importance of the lack of

regulatory commitment power in this environment.

Regulatory commitment. Lack of commitment power to efficiently restructure is a
critical part of the role of information in our model, similar to Crémer (1995) or Arya,
Glover and Sivaramakrishnan (1997). This assumption is consistent with the practice of
prudential regulation and has been examined extensively in the literature (Dewatripont and
Tirole 1994).13 In our setting, the regulator choosing to act at ¢+ = 1 does not internalize
the impact of restructuring on the bank’s risk decision because this decision is sunk by
the time restructuring occurs. Below, we develop this point further by solving program

(P) with regulatory commitment, that is, replacing the restructuring threshold 7(§) by a

13Tt is also consistent with a wide literature on dynamic inconsistency in policy-making starting with
Kydland and Prescott (1977). Many prior studies build on this assumption, noting that this type of
inconsistency arises because (banking) regulators cannot ignore political pressures (Dewatripont and Tirole
1994, Rochet 2004). Dewatripont and Tirole (1994) also argue that regulatory capture may be a reason
for the lack of commitment power of banking regulators. Relatedly, Boot and Thakor (1993) show that,
if regulators are self-interested, they may be captured by the banking industry. Finally, when the time
comes to enforce their commitment, prudential regulators often ignore long-term concerns and violate
earlier commitment because of the “too-big-to-fail” or “too-many-to-fail” issues (Stern and Feldman 2004,
Acharya and Yorulmazer 2007)
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restructuring threshold 7. independent of the reporting system, and optimizing in (v, 0, 7).

Proposition 1 With commitment power, the requlator always sets d; = 1 and restructures
a risky loan if and only if p < 7., where the threshold 7} is such that 7 > 7(1) = %, and

the requlator imposes a capital requirement

: (3.9)

o Joepf(p)dp(8—1) = (@ = 1)

With full commitment power, the regulator is better-off using as much information
as possible to condition restructuring on high probabilities of default (low p), implying a
perfectly informative reporting system ¥ = 1. But we also show that the restructuring
threshold 7 is stricter than the threshold that would prevail absent commitment: for

*

moderate realizations of the probability of default p € (7(1),7)), a regulator would be
ex-post better-off not restructuring. As a result, excessive restructurings are part of the
optimal regulation because the excessive restructurings curb the bank’s ex-ante risk-taking
incentives, which allows the regulator to set a looser capital requirement. In what follows,

we show that, without commitment power, excessive restructurings can be achieved via

an imprecise reporting system.

Single policy benchmarks. To analyze the interaction between the two regulatory
tools, we first examine below the comparative statics of two benchmarks in which the
regulator optimizes only one regulatory tool. First, in the prudential benchmark, the
precision of the reporting system d = d; is given and the regulator sets the optimal capital
requirement v*. Recall that the precision §y is such that the expected surplus from a

low-risk loan portfolio is O:

qa+ (1 —q) (F(7(d0)) £ + k(60)5) = 1.
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As a result, if 6y < g, the regulator sets v* = 1, and the bank does not originate a loan

portfolio because the expected surplus from both loan portfolios is negative. Otherwise, if

0 > 0o, the regulator sets v* such that the bank’s incentive constraint is binding.
Second, in the measurement benchmark, the capital requirement v = ~; is fixed and the

regulator designs the optimal reporting system . If vy < o 1=k(1) , then the capital

B=1)=(a=1)

requirement is sufficiently tight so that the bank always chooses to originate a low-risk

loan portfolio whatever the precision of the reporting system. The regulator therefore sets

1—k(1)

FDB-1)—(a=1)" the regulator

0* =1 to maximize the expected surplus. Otherwise, if 7, >
has to control the bank’s risk-taking incentives with the reporting system. The regulator
designs the reporting system ¢* such that the bank’s incentive constraint is binding. Note

that, if v > k(éo)l_k(éo)

R0 (P11 the surplus is negative as the capital requirement is excessively

loose, which implies that the bank’s risk-shifting problem is too severe. Proposition 2

summarizes the equilibrium in the single policy benchmarks.

Proposition 2 First, in the prudential benchmark, if 65 < do, the regulator sets v* = 1.

Otherwise, if 05 > 0o, the optimal capital requirement is given by

v Ty Y (3.10)

and is decreasing in the precision 05 of the reporting system.

Second, in the measurement benchmark, if v, < T 1=k(1) then the optimal pre-

DB-1)—(a—1)’

cision of the reporting system is 0* = 1; otherwise, if vy > k(l)(l_k(l)

W’ th@ Optlmal

precision 0* is defined by k(6*) = % and 1s decreasing in the capital requirement vy.

With a single policy benchmark, the capital requirement and the reporting system are
substitutes, as both serve to curb the bank’s risk-taking incentives. This result is entirely
intuitive and serves to set ideas for the intuitions in the model with two optimal policies.

Specifically, proposition 2 implies that a reporting system inducing more restructurings
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mitigates the risk-taking problem and allows the regulator to run a larger bank. Vice-
versa, if the capital requirement is very strict, a perfectly informative reporting system
would provide sufficient restructuring incentives to control the risk-taking problem but,
otherwise, the reporting system must induce more restructurings with a larger capital
ratio. In corollary 1 below, we derive the comparative statics of each of these policies for

changes in the environment.

Corollary 1 In the single policy benchmarks, the optimal capital requirement v* and the
optimal precision 0* increase in the payoff a of a safe loan, and in the restructuring payoff

L of a risky loan, and decrease in the payoff B of a risky loan.

In the two benchmarks, reducing bank size via a stricter capital requirement or inducing
more ex-post restructurings via a less precise reporting system reduce the expected loan
surplus, so how much to use the tools is a function of the attractiveness of the high-risk
loan portfolio. As expected, the capital requirement is stricter and the reporting system
more imprecise when the payoff « of a safe loan and the restructuring payoft £ is lower,
and when the payoff § of a risky loan is higher. Importantly, a key take-away of corollary
1 is that both regulatory tools respond to an economic primitive of the model in the same

direction.

Joint maximization problem. We next solve the general case in which the regula-
tor jointly chooses the optimal capital requirement v and the optimal precision ¢ of the
reporting system. To decompose this problem, it is convenient to rewrite the objective

function of the regulator as

X(y,0) = NPV (§)p(d)E,

where NPV (0) = qa+ (1 —q) (F(7(0))L + k(0)5) — 1 is the net present value of the low-
risk loan portfolio, ¢(d) is the required capital requirement. Note that ¢(d) = v given the

precision ¢ to bind the bank’s incentive constraint (3.7). Hence, the first-order condition
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of the optimization program (P) with respect to 0 can be written as

%{?"”M* —  NPV/(§")6(5)E + NPV (5")¢ (5°)E (3.11)
' . NPV (5" )K'(6")(8 - a)E
= (1— — Dm d 0 E —
(-9 / T e e
benefit of incr;;sing precision cost of incre;;ng precision

= 0.

The first-order condition is composed of two terms. The first term is the benefit of in-
creasing precision and implies more valuable loans because restructuring more accurately
target probabilities of default in which the regulator should restructure risky loans. The
second term reflects how an increase in precision requires a stricter capital requirement
and, hence, a smaller bank size. Contrasting with the single policy model in which the
policy is held fixed by the incentive constraint, there is now a trade-off between increasing
loan value via a looser capital requirement or a more informative reporting system. We

examine this trade-off in the following proposition and the associated corollary below.

Proposition 3 The regulator sets the capital requirement ~* = k(ls*)l_k &) and the

(
(B-1)=(a-1)
reporting system is not fully precise, i.e., 6* < 1, if either (a) the payoff of a safe loan «
is large enough, (b) the proportion of safe loans q is large enough, or (c) the restructuring

payoff L is large enough, (6 — 1)+ (o — 1) = 2k(1)(8 — 1) > 0, and f’ <%> is positive or

sufficiently close to 0.

Proposition 3 demonstrates that the regulator may use a combination of imprecise
accounting information to induce the optimal level of restructuring, jointly with a capital
requirement that is less strict than with a perfectly informative reporting system. On
the one hand, imprecision triggers excessive restructurings for a given capital requirement

and, therefore, allows for a looser capital requirement and a larger bank size. On the other
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hand, imprecision matches restructuring less precisely with the probability of default, and,
therefore, reduces the NPV of the low-risk loan portfolio.

The regulator optimally designs an imprecise information system when the risk-taking
problem is not too severe under full information, i.e., if the payoff of a safe loan is large
enough so that k(1)(8 — 1) — (o — 1) is sufficiently small. In that case, the regulator
controls the risk-taking problem using a less precise reporting system and allows the bank
to choose a larger size. Similarly, the regulator finds it optimal to increase the size of the
bank via a less precise reporting system when the proportion ¢ of safe loans is large, since
this implies that each low-risk loan portfolio is ex-ante more valuable. Lastly, an increase
in the restructuring payoff £ may also lead to more imprecision.'* In summary, a policy
with imprecision in the measurement and a looser capital requirement dominates a policy
with full precision and a stricter capital requirement in environments where the risk-taking
problem is not too severe and/or loans are more valuable.

Let us now study how the optimal reporting system ¢* and the optimal capital re-
quirement v* vary with the different parameters of our model. In order to derive the
comparative statics, we make the (generic) assumption that the regulator’s objective func-
tion (v, d) has a unique global maximum, so that optimal policies change continuously

in each parameters.

Corollary 2 The optimal precision of the reporting system 6* (the capital requirement v*)
decreases (increases) in (a) the payoff « of a safe loan, (b) the proportion of safe loans q,
and (c¢) the restructuring payoff L if (B —1)+ (o —1) —2k(1)(f —1) > 0 and f' (7(6%)) is
positive or sufficiently close to 0. Further, for any parameter values such that 36* /0 > 0

or 0y*/0B > 0, 6* and v* vary in the opposite direction as a function of 5.

14Tf p is uniformly distributed, then the conditions in proposition 3 are satisfied: f (%) = 0 and
2
(B-1)+(@-1)-2kD)B-)=a-1+(5) (B-1)>0.

15This occurs when 7(5*) is not too large in single-peaked distributions, which is the case when « is
sufficiently low as 6* decreases in o and 7(8) decreases in ¢.
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Corollary 2 shows how the comparative statics in the model using both an optimal
capital requirement and the optimal level of precision may not be fully aligned with those
with a single optimal policy. Recall that if the regulator uses a single optimal policy, the
policy must (intuitively) respond to environments with more demanding credit frictions
with stricter policies, e.g., a stricter capital requirement or a less precise reporting system
that triggers more restructurings. Using the two optimal policies in tandem, however,
reveals a more nuanced answer and implies that the capital requirement and imprecision
of the reporting system often vary in opposite directions.

First, an increase in the payoff of a safe loan increases the payoff from larger banks and,
while it also makes it easier to solve the risk-shifting problem because safe loans are more
attractive to the bank, the adjustment takes the form of decreasing the precision of the
reporting system - i.e., reallocate the provision of incentives toward the reporting system.
Second, an increase in the proportion of safe loans increases the NPV of a low-risk loan
portfolio, which makes bank size more attractive. The regulator induces a larger bank
by increasing imprecision and loosening the capital requirement. Third, the effect of the
restructuring payoff is more ambiguous but, if the density of probabilities of default does
not decrease too steeply (as in the case of the uniform distribution), an increase in this
payoff implies a decrease in precision because, similar to the other comparative statics, the
regulator re-allocates the provision of risk-taking incentives toward the reporting system
and tends to prefer a larger bank.

Lastly, the impact of 3, the payoff of the risky loan, is the result of two opposing effects.
First, an increase in 8 makes a high-risk loan portfolio - which reduces expected surplus -
more attractive to the bank and aggravates the risk-taking problem. Second, an increase
in 8 increases the expected surplus from a high-risk loan portfolio. Therefore, even though
a high-risk loan portfolio reduces social surplus under our maintained assumption 1, the
adverse impact of a risky loan on the bank’s surplus becomes more muted as [ increases.

The latter effect increases the expected surplus generated by the bank. Corollary 2 reveals
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o) L q 6]
Joint maximization v + + + +/—
with §* < 1 0" —~ - - +/-
Exogenous precision y* + + 0 —
Exogenous capital re- 0* + + 0 —
quirement with v, >

1—k(1)

k(1)(B—1)—(a—1)

Table 1: Summary of the comparative statics

that, as for the other comparative statics, the regulatory tools may vary in the opposite
direction as a function of 3. In particular, if the regulator sets a looser capital requirement
in response to higher 3, restructurings must increase and the regulator chooses a less
precise information system. Vice-versa, if the regulator increases the precision of the
reporting system, then the more severe agency problem must be solved with a stricter
capital requirement.

Table 1 summarizes the comparative statics of our baseline model.!® The main insight
is that, in the single policy benchmarks, the capital requirement and the reporting system
are substitutes and respond to an economic primitive of the model in the same direction.
On the contrary, in the joint maximization problem, the capital requirement and the
reporting system are complements and respond to an economic primitive of the model in

the opposite direction.

4. Robustness to other mechanisms

4.1. Adverse selection

We now analyze a variant of our model in which the main friction is an adverse selection

problem instead of a moral hazard problem. As noted by Chan, Greenbaum and Thakor

16Under the conditions of corollary 2 for the comparative statics with respect to L.
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(1992), adverse selection and moral hazard problems are two key frictions that provide a
rationale for banking regulation. In our baseline model, we derive our results assuming
that the regulator faces a moral hazard problem. In this extension, we show that the
optimal regulatory tools are similar when the regulator faces instead an adverse selection
problem.

We first emphasize the differences in the model setup and then discuss the main results.
The bank may be one of two types with equal probability: a good bank that always
originates a low-risk loan portfolio or a bad bank that always originates a high-risk loan
portfolio. The timeline is the same as in the baseline model. The only differences are
the following. At ¢ = 0, the bank observes its type and may decide not to operate, in
which case it consumes FE and the game ends. Otherwise, the bank chooses size A and
obtains D = A — F from depositors. At t = 0.5, the good bank originates a low-risk
loan portfolio and receives a safe loan with probability ¢ € (0,1) and a risky loan with
probability 1 — ¢g. The bad bank originates a high-risk loan portfolio and always gets a
risky loan with probability 1.17

In order to induce a bad bank not to originate a high-risk loan portfolio, the following

constraint must be met:

3 > KOUB-(A-E) . (43

bad bank’s payoff without origination

Vv
bad bank’s expected payoff with origination

As in our baseline model, equation (4.3) reveals how restructuring reduces incentives to

"The equivalent of assumption 2 in this alternative setup that rules out a corner solution with an
arbitrarily large bank size is the following assumption. If the leverage of the bank is maximum (A/E = o0),
the surplus is negative. A sufficient condition is

1

qa+(1-q) <F(T(3))E +/ (bp+(1— 3)pm)f(p)dp6> <1 (4.1)

(9)
where 6 is defined such that .
/(8)(519 + (1= 0)pm) f(p)dp =0 (4.2)

and the restructuring threshold 7(d) is the same as in our baseline model.
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originate a high-risk loan portfolio, by reducing the payoff receives by the bank over a
wider set of probabilities of default. Lastly, the good bank must be better-off originating

a loan portfolio over not originating a loan portfolio, i.e.,

q (Aa— (A—FE))+ (1 —q)k(0)(AL — (A — E)Z > \E; . (44)

good bank’s payoff without origination

good bank’s expected‘gayoﬁc with origination

Note that the assumption o > 1 implies that the participation constraint of the good

bank (4.4) is always strictly satisfied when the participation constraint of the bad bank
(4.3) binds. In summary, the objective of the regulator can be written as:

(P)  mx(.0) = 3 (4o (- ) (FO)E+ KE)5) ~ 1)1E

S.t.
_ 1 k(5)
T REB-1)

Note that condition (4.5) is more demanding than eliciting effort in the baseline moral

(4.5)

hazard model (3.8) because the denominator is k(J)(8—1) instead of k(6)(—1)—(a—1) in
the baseline model. Hence, the regulatory actions must be stricter in the adverse selection
model and, doing so, would be sufficient to provide incentives for the good bank to choose
the low-risk loan portfolio. In other words, in an environment in which the regulator
faces both an adverse selection problem and a moral hazard problem, solving the adverse

selection problem would solve the moral hazard problem.

Proposition 4 The reporting system is not fully precise, i.e., §* < 1, if either (a) the
payoff of a safe loan « is large enough, (b) the proportion of safe loans q is large enough,
or (¢) the restructuring payoff L is large enough, 1 — 2k(1) > 0, and f’ (%) 15 positive or

sufficiently close to 0.

We also prove in the appendix 1 that the comparative statics in the adverse selection
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have the same nature as in the moral hazard environment, with the only primary difference
being that the regulator needs to impose stricter regulations.

Lastly, we show that the regulatory policies (v*,0*) derived above are the optimal
policies and the regulator cannot increase the expected surplus with two sets of policies
targeted to good banks and bad banks. In particular, the regulator could set different
capital requirements and different reporting systems (vg,dg) and (yg,dg) such that, in
equilibrium, a good bank voluntary chooses the policies (vg,dc) whereas a bad bank
chooses the policies (yp,05). However, the following corollary states that the regulator
cannot increase the expected surplus compared to a setting in which the regulator chooses

the same policies (7, d) for both types of banks.

Corollary 3 The requlator cannot increase the expected surplus by offering different poli-

cies to good banks and bad banks.

4.2. Additional negative externalities

We study below the impact of negative externalities in case of banking failure at ¢t = 2
on the optimal policies set by the regulator at ¢ = 0. As in Bleck and Opp (2019), risk-
taking entails a social cost: if a bank with a risky loan fails at ¢ = 2, the regulator incurs
a cost L > 0. This social cost can be interpreted as an increase in systemic risk or as the
social cost from insufficient lending as a result of bank failures.!® As a result, at t = 1, the

regulator restructures a risky loan if and only if

qa+ (1 —q)L > qa+ (1 —q) (E(pls)8 — (1 —E(p|s))K), (4.6)

which is equivalent to
L+K
B+K

> E(p|s) = 0s + (1 — §)pm. (4.7)

18See Greenwood, Landier and Thesmar (2015) for a discussion of the negative externalities that exist
in the banking industry.
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Given the negative externalities IC, the restructuring threshold is now defined as

Lik_,
1 if 0 <6< HE—"

7(0) = no (4.8)
! <§:Lr_}’g —(1- 5)pm) otherwise

The bank’s risk choice is not affected by this additional externality and is therefore the

same as in our baseline model. The regulator’s maximization problem becomes

max %(7,0) = (qa + (1 = q) (F(7(0)) £ + k(0)8 — (1 = k(0))K) = )7 E

V7,6

subject to the bank’s incentive constraint (3.7).
As in our main model, we show that the regulator optimally chooses an imperfect
reporting system if the payoff of safe loans is sufficiently large or if the proportion of safe

loans is sufficiently large.

Lemma 5 The reporting system is not fully precise, i.e., 0* < 1, if either the payoff of a

safe loan « is large enough or the proportion of safe loans q is large enough.

Lemma 5 states that the main result of our paper is the same in the presence of addi-
tional negative externalities. We then analyze the impact of banking failure externalities

on the optimal capital requirement and the optimal precision of the reporting system.

Corollary 4 If the proportion q of safe loans is sufficiently large and f'(7(5*)) is positive
or sufficiently close to 0, then the precision of the reporting system 0* decreases in K

whereas the capital requirement v* increases with IC.

As the cost K of banking failures increases, restructuring becomes more attractive

for the regulator. Hence, the regulator optimally designs a less precise reporting system

9The assumption equivalent to £ > p,, in the baseline model is £+ K > p,,(8+K) in this alternative
setup.
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in order to increase the likelihood of restructuring. This increase in the likelihood of
restructuring curbs the bank’s risk-taking incentives, which implies that the regulator sets

a looser capital requirement.

4.3. Optimal persuasion

In this extension, we study an alternative reporting system and we show that our main
result, i.e., that the regulator may rely on imprecise information system still holds. In our
baseline model, we assume that the regulator only controls the probability that the interim
signal s is noisy but we take the distribution of the noise as a given. Here, we assume
that the regulator controls the entire distribution of the accounting signal (Kamenica and
Gentzkow 2011) and therefore solve for the optimal persuasion mechanism.

Specifically, we now assume that the information system chosen at ¢t = 0 is a function
d(p) which prescribes the probability that the accounting signal s = p is the true probability
of default. We slightly generalize the baseline assumption about the noise distribution by
assuming that the distribution of the noise is the c.d.f. of p|d(p) = 0; this nests as a special
case the baseline model since, if 6(.) is a constant, the noise distribution is simply F(.).
This avoids the case in which the noise mistakenly sends accounting reports for which the
regulator would like to know the true probability of default (6(p) = 1). In the appendix 1,
we prove that doing so is optimal among all persuasion mechanisms in our game.?® The
next lemma is critical to this analysis and reveals that the optimal accounting signal would

feature asymmetric imprecision and characterizes the signal structure.

L

Lemma 6 The optimal information system is unique and such that there exists T > 5

with 6(p) = 0 if p < 7, in which case the accounting signal s is drawn from plp < T, and

20As is common in persuasion, the mechanism is not unique if we let the regulator use other functional
forms G(.) (e.g., which could be other distributions with support on [0, 7*]). However, a noise distribution
G(.) that corresponds to the conditional distribution of p is natural for our setting since it assumes the
noise is drawn from the distribution of the set of probabilities of default consistent with imprecision. This
formulation also implies that there is a well-defined continuous distribution for the accounting signals and,
hence, for the income construct in our model.
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d(p) =1 if p> 7, in which case the accounting signal is s = p.

Similar to the baseline model, we make two assumptions to rule out cases in which the

analysis is straightforward and no imprecision optimally, namely,

Eplp<m)B<L<TH (4.9)

and?!

a—1 1—qa 1 S
max (5 1T =P —F(ﬁ/ﬁ)ﬁ/ﬁ)) < /L/Bpf(f’)dp < min (E,l/ﬁ—F(/j/ﬁ)[,/ﬁ)) ,

At t = 1, given that p > 7, the signal sent by the reporting system is s = p and the

equity of the bank is
Ey=A(ga+ (1 —q)pB) = D > A(ga+ (1 — q)L) = D, (4.10)

so that the bank may violate the capital requirement v but the regulator never restructures.
Otherwise, if p < 7, the signal sent by the reporting system is pure noise and the equity

of the bank is
E,=A(qa+(1—-q@E(pp<7)8)—D < Al(qv+(1—q)L)— D < E, (4.11)

so that the bank violates the capital requirement v and the regulator restructures a risky

loan. The regulator’s maximization problem is therefore equivalent to choosing a restruc-

21This assumption rules out degenerate cases for which the analysis becomes straightforward. The first
part of the left-hand side of the inequality states that the bank originates a high-risk loan portfolio if
the bank size is arbitrarily large and the reporting system is fully informative. The second part requires
the low-risk loan portfolio to have positive expected value because, otherwise, the regulator would always
induce v = 1. The first part of the right-hand side of the inequality rules out parameter values for which
the risk-shifting problem is so severe that the bank would only lend its own equity, £. The second part
of the right-hand side of the inequality guarantees that the high-risk loan portfolio is value-destroying.
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turing threshold 7 and a capital requirement v to maximize the expected surplus:

max (qa +(1-g) ( e+ | lpf(p)dpﬁ) - 1) +E

7,7€[0,1]

s.t.

/0 ' f(p)dp% [ prwdp =0 (4.12)
- % >0 (4.13)
o (1) - / pF@)dp(1B — (7 — 1)) 2 0 (4.14)

where (4.12) and (4.13) are the left-hand and right-hand side of (4.9), respectively, and

(4.14) is the bank’s incentive constraint.

Proposition 5 The optimal restructuring threshold 7* is strictly higher than the restruc-

turing threshold when the reporting system is fully informative: 7" > L/[.

Recall that the restructuring decision is also governed by an ex-post constraint which
bars policies in which the regulator would restructure a risky loan with greater value if it
were continued. The higher the restructuring threshold, the more this constraint becomes
difficult to satisfy. Specifically, the ex-post constraint is satisfied if and only if 7 < 7,

where 7

/OTpf(p)dp = F(?)%-

Note that 7 < 1 if and only if E(p)5 > L. To characterize the optimal threshold, note

(4.15)

that ¥'(7) < 0 is a sufficient condition for the existence of an interior solution 7% < 7

since, then, the regulator would increase expected surplus by reducing the restructuring

threshold.
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Proposition 6 The restructuring threshold is set at the maximum level 7% = T if and only

if the proportion of safe loans is high enough, i.e.,

(a=1)(B—a)T+v

q>q €(0,1), (4.16)

where v is not a function of q and is defined in the appendix.

The intuition for proposition 6 is given in two steps, starting with a comparative static
in ¢ in this paragraph and followed by the rationale for 7* = 7. When ¢ is large, there
is a greater net benefit from increasing leverage. With a single regulation, this leverage
is fully determined by the incentive constraint, so that there is little the regulator can
do to increase it further. Here, on the other hand, the regulator can increase excessive
restructurings in risky loans. Putting both regulatory channels together, we conclude that
the regulator (weakly) increases the restructuring threshold 7* in response to an increase
in the proportion of safe loans ¢q. This requires to increase imprecision by pooling more
positive realizations of p into the restructuring region.

Continuing on this logic, expectations about failing banks increase as a function of
q, and it becomes increasingly difficult for the regulator to credibly restructure. When
g becomes greater than ¢, the required restructuring threshold to implement the ideal
leverage would be above 7. At this point, the ex-post restructuring constraint E(p | p <
7*) < L/ becomes binding and the regulator implements the maximal credible threshold
7. Put differently, when the proportion of safe loans is sufficiently large, the regulator
implements the maximal credible level of restructuring. Naturally, when this point ¢ > ¢
is reached, the credible level of restructuring no longer depends on ¢ since the regulator
does not restructure a safe loan. We summarize this comparative static, as well as the
other comparative statics (which follow from an analogous intuitions as in the baseline

model) in the next corollary.
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Corollary 5 The optimal capital requirement v* and the restructuring threshold T are
increasing in the proportion of safe loans q, the payoff of a safe loan o and the restructuring
value L, strictly if ¢ < q. Further, if ¢ > @, the optimal capital requirement v* and the
restructuring threshold T are decreasing in the payoff of a risky loan . Otherwise, if
q < q, for any parameter values such that Ot* /05 < 0 or 0v*/0p > 0, 7" and v* vary in

the same direction as a function of (3.

The effect of 5 depends on whether the ex-post restructuring constraint 7 is reached.
If 7 = 7, the constraining factor is to make the restructuring credible, so that higher 3,
because it makes it more tempting for the regulator to continue, leads to a reduction in
the threshold and a lower leverage. Credit markets with a larger proportion of risky loans,
q < q, are the only case where the optimal capital requirement and the restructuring may
enter in different directions, as a result of the two trade-offs discussed earlier.

Finally, table 2 summarizes the comparative statics of the model with an alternative
reporting system, with the main observation being that, for all variables except for the
payoff 5 of a risky loan, the reporting system and the capital requirement move in tandem
and are very similar to those in the baseline model. In summary, the main differences when
the regulator is able to use an optimal persuasion mechanism is that, when the proportion
of safe loans becomes large enough, it may no longer be desirable to increase restructuring

further in response to a change in the environment.

5. An application to expected loan loss provisioning

Our model informs the debate regarding the optimal provisioning model for loan losses
that has received much attention since the 2007-08 financial crisis. Under the previous
IASB (IAS 39) and FASB (FAS 114) standards, the accounting model for recognizing loan
losses was referred to as an incurred loss model. Such a model required the recording of

loan losses that have been incurred as of the balance sheet date, rather than of probable
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Joint maximization ¥
with ¢ > ¢ T
Joint maximization ¥
with ¢ < ¢ T
Exogenous precision v
with 7 <7

Exogenous capital re-
quirement with ~v; >

1-f % pf(p)dp

f% pf(p)dp(B—1)—(a—1)

+|+ + o+

o+ + + +0

ol+ + © o
T

ﬂ
*
|
o
o
_|_

Table 2: Comparative statics with optimal persuasion

future losses. The new expected loan loss standards (CECL and IFRS 9) have a more
forward-looking approach that emphasizes shifts to the probability of future loan losses,
even if no triggering events have yet occurred. In particular, relative to an incurred loss
model, an expected loss model requires banks to use early signals about future loan losses
and being inherently imprecise, such early signals could, in turn, induce more frequent
and potentially excessive restructurings. We view our mechanism design problem as an
efficient expected loss, in the sense that banks report information about a probability of
default p before the realization of loan payoffs.

We model the incurred loss model as follows. At ¢t = 1, with probability x € [0, 1],
the accounting system perfectly reveals the probability of default p. Otherwise, with
probability 1 — x, the accounting system does not provide any signal. In that latter case,
if the accounting system does not provide any information at t = 1, then the bank’s equity
is £y = E, which implies that the bank does not violate the capital requirement and
the regulator cannot restructure. Under the incurred loss model, the regulator’s objective

function becomes

(gt (1-0) (08 () + 0= 0F () £+ 0k0)+1-0k0)3 ) 1 )08

34



s.t.
L 1= xk(1) — (1= x)k(9)
(Xk(1) + (1= x)k(0))(B —1) = (@ = 1)

Compared to our baseline model, the presence of this other signal sets an upper bound on

the restructuring threshold. In particular, in the extreme case in which the regulator always

learns p perfectly, i.e., x = 1, there cannot be any excessive regulatory restructuring.

Corollary 6 If fél (p — pm) f(p)dp is sufficiently small and (2xk(1) — 1)(f—1) > a —1,
5

then the optimal precision 0* < 1 decreases with the probability x.

The ex-ante precision of the reporting system, y + (1 — x)d, increases in x for a given 9.
As x increases, the regulator reduces the precision ¢* in order to offset the impact on the
ex-ante precision. As a result, the effect of an increase in x on the ex-ante precision and
on the capital requirement is ambiguous.

Our model generates several interesting insights about the desirability of an expected
loss model. First, the efficient expected loan loss provisioning model should not provide
perfect information about the probability of default because it would imply excessively low
bank leverage (that is, prudential regulations that are too strict). But, not surprisingly,
by relying on less precise information about the probability of default, such a reporting
system causes excessive restructurings, especially in environments where the proportion of
risky loans is high enough so that such restructurings could be socially costly.

Second, the comparative statics of our model on the restructuring threshold shed light
on the extent to which the reporting system should rely on imprecise information about
loan losses. Higher permissible leverages go hand in hand with reporting systems that are
tilted towards an expected loss model that rely on less precise information. In particular, if
the payoff of safe loans or the restructuring value of risky loans are higher, or the proportion
of safe loans is higher, the regulator tends to readjust toward an expected loss model with
less precise information, increasing bank leverage in the process. We view these settings as

environments when the economy as a whole features more favorable conditions so that an

35



expected loss model with less precise information is particularly suitable for expansionary
credit periods. This result also provides a rationale for the dynamic loan loss provisioning
that has been implemented in Spain in the early 2000s (Jiménez, Ongena, Peydré and
Saurina 2017).

6. Concluding remarks

We develop a simple integrated role of accounting standards and restrictions on bank
lending, under the assumption that accounting standards can influence some of the in-
formation available to regulators.?? This is, of course, a stylized view in that prudential
regulators may have access to other sources of information. However, we believe it also
reflects public pressures to intervene based on information that is publicly known. Stan-
dard setters may struggle to persuade the public that a bank that can provide value on
its own should be restructured, especially given that such regulatory interventions come
with significant social consequences. This creates a time-inconsistency problem which can
be affected by the information released about a bank in its financial statements.

An implication of our analysis is that the current focus on providing decision-useful
information to investors can be detrimental to banks. Put differently, in a strategic set-
ting, more decision-useful information can lead to worse interventions and demand stricter
prudential regulations. Standard setters have noted that they are not equipped to exert
judgment about prudential issues, since these involve policy judgments: our analysis sug-
gests benefits in creating a stronger articulation between the missions and encouraging
communication between the two bodies.

Our results also provide a rationale for the new expected loss provisioning model re-

22 An implication of integration, which we do not examine in this study, is a uniformization of standards
across different jurisdictions subject to joint prudential regulations (e.g., Basel agreements). This creates
trade-offs as to desirable levels of harmonization in accounting standards (Stecher and Suijs 2012, Friedman
and Heinle 2016) that we do not consider in this study but will likely become important parts of the
question with more clearly stated joint objectives.
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cently adopted by standard setters. More work is needed to analyze further the optimal
loan loss provisioning model and to fully understand the tradeoffs at stake. In particular,
the procyclical impact of the provisions for loan losses on bank lending has been heavily
debated since the 2007-08 financial crisis. Our static model does not speak to this question
and we would need a dynamic setting to highlight the features of the optimal provisioning

model. We leave this important question for future research.
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Appendix

Appendix 1: proofs
At t =1, the regulator optimally restructures a risky loan if and only if the bank violates the capital

(6.1)

—Pm

=

—Pm

—

Proof of lemmas 1-4:
requirement vy and ga+ (1 —¢)E(p|s)f < gqa+(1—¢q)L. First, note that the condition ga+ (1 —¢)E(p|s)S <

ga+ (1 — g)L is equivalent to p < 7(d), where 7(9) is defined as follows
1 if0<d<
T(0) =
3 (% - (1= 6)pm) otherwise
Further, assumption 2 implies that ga+ (1 — ¢)£ < 1. As a result, if the bank chooses the maximal bank

size at t = 0, i.e., A = vFE, the bank violates the capital requirement + if and only if qa+(1—q)E(p|s)8 < 1.
D
<1/v

Otherwise, if the bank chooses A < «vFE, then the bank violates the capital requirement if and only if

A(ga+ (1 — q)E(p[s)B) —
Aga+ (1 — q)E(p|s)B)

V(A - E)
go+ (1 — q)E(p[s)B < —DA

which is equivalent to

A—-FE
B ot (1 -0t

Hence, if the bank chooses A such that
(v—=1)

vE

the regulator restructures a risky loan if and only if p < 7(§). Condition (6.2) is equivalent to

A2 T Dget A —0L)

1 — k(6)

As we show at the end of this proof, the bank’s incentive constraint then binds in equilibrium. As a result,

A= e (1)

the equilibrium leverage is

Given this leverage, assumption 4 implies that condition (6.2) is always satisfied in equilibrium.
Next, we show that conditional on originating a loan portfolio, the bank’s expected payoff is increasing
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in A for any §. The bank with a risky loan receives a zero payoff with restructuring but, otherwise, receives
a payoff Ao — (A — E) when continuing with a safe loan and E(p|s)(AS — (A — E)) when continuing with

a risky loan. We have

dAa—(A-E)
——— = a—1>0,
aE(p|s)(A§£ W=F) _ gulss-1)>o.

As a result, for a given capital requirement -y, the bank chooses A* such that A* = yE. Further, the
regulator restructures a risky loan if and only p < 7(9).

Lastly, we prove that the risk-shifting incentive constraint of the bank (3.5) binds in equilibrium. For
a capital requirement +y, if the incentive constraint is not satisfied, then the bank originates a high-risk
loan portfolio with negative NPV. However, the regulator is then better-off setting v* = 1. The incentive
constraint becomes a > k(4)S. Assumption 1 implies that a > k(1)8 > k(5)8. As a result, the incentive
constraint is satisfied in equilibrium. Further, if the incentive constraint does not bind and is strictly
satisfied in equilibrium, then the bank always originates a low-risk loan portfolio. However, the regulator
is then better-off setting v = oo. The incentive constraint becomes o« — 1 > k(d)(8 — 1). Assumption 2
implies that this is not satisfied if § > J§p. As a result, the risk-shifting incentive constraint of the bank
(3.5) binds in equilibrium.O

Proof of proposition 1: We solve program (P) with commitment, that is, replacing 7(J) by 7. and
optimizing in (v, 7., d). Substituting 7 from the binding incentive constraint into the objective function,

the regulator’s maximization problem becomes

max $4(8) = (qa F(1-q (Fm)ﬁ + o+ (1 5)pm)f(p)dpﬂ> - 1)

) 1= [L(p+ (1= 8)pm) f(p)dp
Jr Op+ (1= 6)py) f(p)dp(B — 1) = (= 1)

c

Taking the first-order condition with respect to ¢ yields

o5, (1-ap(1- fl (6p + (1= 6)pu) £ (p)dp)

0 ([ 0p+ (=8P f)dp(B—1) — (@ = 1))
(m + (=) (FL + [ (5p+ (1= 8)pu) F()nS) — 1) (6 )

> 0.

(260 + (1~ Opa) @)D~ 1) ~ (0~ 1)’
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As a result, 6* = 1. Next, taking the first-order condition with respect to 7. yields

% ((1 (L (et (1 5)pm>ﬁ>) (1 -/ j(5p+ (1- 5)pm)f(p)dp>
>0
(f j<ap (1= Op)S0)p(5— 1)~ (a = 1)

>0

n (qa +(1-g) (Fm).c + [ op+ (1 6>pm>f<p>dp/3) - 1) (B~ ) (572 + (1 — O)pm)

c

>0

First, assumption 2 implies that always restructuring a risky loan, i.e., 7. = 1, is suboptimal for the

regulator. Second, if the regulator never restructures, i.e, the regulator sets 7. = 0, then the surplus is
1
wat(1=a) [ pf)dps 1 <qa+ (1= L1,
0

which is negative by assumption 2. Hence, it must be the case that the solution 7 € (0,1) satisfies

‘Zfb = 0. Hence, it should be the case that the left-hand side is negative, which implies that

(1—q) (L~ (07 + (1= 6)pm)B) <O.

As a result, given that §* = 1, we have 7} > %.D

Proof of proposition 2 and corollary 1: Suppose the precision of the reporting system J = dy is
fixed and d; > dy (from the definition of &y, if 6 < &y, then a low-risk loan portfolio has ex-ante negative
value). It follows from lemma 4 that the optimal capital requirement is v* = lep;k—%' Recalling

that k(df) = f:(éf)(éfp—i— (1=16¢)pm)f(p)dp, is immediate from (6.1) that k(d¢) is increasing in 5 and dy,
and decreasing in L. It then follows that

o 1—k(dy)

b~ OG- -(a—DE "

oy _ e 1) — (0= 1) ~ (k@ TFPB 1)

oc <k<6f><ﬁ—1>—<a—1>> ’

oy _ “UHPGRONE-D-(a-1) - (k) (PGP E-D+kG)
. (h(37) (5 - > (a = 1)) =0
oy _ “IRPRCENE -1 - (a-10) - (0RO TFEE -

o6y (kG)B—1) — (a 1)) ‘
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Suppose next that v = vy is fixed. First, suppose that vy < k(l)(%&_l), this implies that the

bank’s incentive constraint is satisfied for any J. As a result, the regulator maximizes the low-risk loan

portfolio surplus and sets 0* = 1. Next, suppose that v; > k(l)(%ﬁ)@_l) We know from Lemma 4 that
£_
the optimal precision §* satisfies k(0*) = % € (%, g—j) . Note that, if 0 < 4§ < [f_;:, the function

_
k(9) is strictly increasing in ¢ with & ( f;’"‘) =0and k(1) = fi pf(p)dp > g—j by assumption 2. As a
m B

result, the function k(.) is invertible, i.e., the solution is unique. We next derive the partial derivatives of

the left-hand side and the right-hand side of equation k(§*) = L=l

1+(B=1)vy
* 1 *
)+ =T G s [ oo p G = >
)+ =i [ e G s = o
@) s G [ e p G = S <o
* 1 * o —
Fe6) + =)D TGT [ @m0 = s <0

Further, we know that

or(5*) 1 1 (/3 ) 95+

oL 75 (92 \g Pm)ac

or(6*y L 1 (L 6"
B _6*52_(5*)2<6_p’")6/3’
or(0) 1 (L

=~ (57mm) <0

*

as* 5™ as5* 94
Asaresult, Do >0,W >O,W <0, and T’Yf < 0.0

Proof of proposition 3: In equilibrium, the incentive constraint of the bank binds:

_ 1 — k(5)
TTEROB-1) —(a—1)

Substituting + into the objective of the regulator, we can write (P) as

1 — k(5)
k()(B—1)—(a—1)

g 24(6) = (40 + (1) (F((6)L+ k0 - 1)
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Taking the first-order condition with respect to §, we get

(O3 = 1) = (o= 1) { = K0 laa + (1= FCOE+ K@)~ 1)
LKD) (1= 0) FE)LT0) + K (0)9)) )

—(B=1F(9) (g + (1 = q)(F(7(3))L + k(6)B) — 1) (1 = k(9)) = 0,

which is equivalent to

— (B =) (ga+ (1= q)(F(r(0)L + k(d)B) — 1) K'(9)
+ (k(0)(B—=1) = (a=1)) (1 = k(6)) (1 = q) (f(r(9))7"(6)L + K'(6)8)) = 0. (6.3)

Defining the function H(d) as the left-hand side of (6.3), we can rewrite the first-order condition as
H(5) =0.
Let us derive the conditions under which H(1) < 0, or equivalently, the conditions under which §* < 1.

Evaluating the first-order condition at § = 1, we get

1) = (war -0 (F(5) crrs) 1) -0 < [0 b o - Srwr (;))

5
1
+kMB-1) - (a=1)) (1 -kQ1)A - Q)/L (p — pm) f(p)dpB.
B
Full precision 6* = 1 cannot be a solution to (P) if H(1) < 0. Hence, if k(1)(8 — 1) — (v — 1) is sufficiently
small, we have H(1) < 0. Further, it is readily seen that H(1) is decreasing in ¢ . Hence, we have H(1) <0
if ¢ is sufficiently large. Finally,

OH(1)
aLc

= —(B-Dla+1—-q) (F(r(1)L+k1)3) - 1)

[ W= pmsrn g+ (LELE (£ -p,) < sea) (25 - 2 )]

B
( (p— pm)f(p)dp + f(T(1 ))g <§pm

[1—61 ))+(1—q)”(;(1))—(1—q)57(1)f(7ﬁ(1))]
_T(l)f(Tﬁgl)) (B=1)+(a—1)=2k1)(F 1))~ q)B/(l)(p — pm)f(p)dp

Fr(1)

—(kMB-1) = (a=1)(A = kD)1 = g)B(r(1) = pm) 3
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Hence, if (8 — 1) + (e — 1) — 2k(1)(B—1) = (B —1) + (a — 1) — Qf%pf(p)dp(ﬁ ~1)>0and f’ ( ) >0
or f’ (%) sufficiently close to 0, H(1) is decreasing in £; as a result, H(1) < 0 if £ is sufficiently large. O

Proof of corollary 2: Given that §* maximizes 3, it must H'(6*) < 0. For comparative statics,
we also need to assume that the global maximum is unique and regular H'(6*) # 0, which is a generic
condition and guaranteed if (P) is a convex program (H’ < 0). It then follows that the comparative static
of 6* in a variable z has the sign of 0H/Jz. First, we have

OH (6%)
Oa

= —q(B—a)k'(6") + (g + (1 = q) (F(7(67))L + k(3")B) — 1)K (67)

k@108 [ o= f0)ip

From (6.3), we know that

H(6") = =(B =) (qa+ (1 = q)(F(r(67)L + k(67)B) — 1) K'(67)

+ (R(E)(B—1) = (a=1) (1 - k(67))B(1 - q)/ (p—pm)f(p)dp =0. (6.4)

T(8*)
As a result,
P~ - awer)+ MDD s -a) [ - pa) )
« « 7_(5*)
(1 k()1 - )8 / (P — pm) f (P)dp
T(6*)

_ _ * 1

= By - O ”ﬁ“_ HOD (1 k581 - ) [ o-rm)iwp <o
@) 7(5*)

Next, let us derive the partial derivative of H with respect to £. We have

OH (5%)
oL

= —(B-a)(qa+ (1 —q) (F(r(6")L+k(6")5) — 1)

x[—<r<6>—pm>f<r<6*>>* + A ))§<5—pm)+f“<5*” (2/5‘1)/3”)”
)

*B
! fr@)L (L
-(B-a) </T(5*)(p—pm)f(p)dp+ )2 ﬁ(ﬂ pm>>
)

(=%

<0 -areen+ 0 -0 8T - gsere + - L5
* 1
~677)+ (1= ) LT (5= 1)+ (0= ) =206 - )-8 [ (0= p) f0)p
T(6*)

1r(5%)

~(k(O)(B = 1) = (e = 1) = k(@)1 = q)B(7(") —pm) =575




= —(B-a)lga+ (1 -q) (F(()L+k(0)B) - 1)

() (524 )

! . L (L
- (B—a) </T(6*)(p—pm)f(p)dp+f(7(5 ))(5*)25 (ﬁ —pm>>

>0
" [(1 —OFEE) + (1 - >'CfE;T(§*)) — (1 - q)BO"7(6") + (1 - 5*)pm>f(?s£(§))}
1
)+ (=8 B ) ¢ ) =208 [ pe 0
T(8*)
>0
— (k(6%)(B = 1) — (a = 1))(1 = k(5))(1 — @)B(T(6") — pm) f(;g;‘))

Hence, if (B—1)+ (o —1) = 2k(1)(B=1) = (B—1)+ (o — 1) — 21‘% pf(p)dp(B —1) > 0, then

(6—1)+(a—1)—2/ (6" p+(1—=06")pm) f(p)dp(B—1) > (ﬁ—l)+(a—1)—2/£ pf(p)dp(B—1) >0,

which implies that

—(0"7(6%) + (1 = 0%)pm)

(8= + (0 =) = 2KG)E - 1A= [ (7= pu) 0y <0

Similarly, if f' (7(6*)) > 0 or f’ (7(6*)) sufficiently close to 0, then

Sl 5) (1525 )]

As aresult, if (8 —1)+ (a—1) —2k(1)(8—1) >0 and f' (7(6*)) > 0 or f' (7(6*)) sufficiently close to 0,

then 81{87(2*) < 0.

We now derive the partial derivative of H with respect to ¢q. We have

OH (5*)
dq

= —(B-a)lga+ (1 —q) (F(r(5")L+k(67)B) — 1)
—(B—a)(a = (F(7(67))L + k(6")B) K (67)
—(k()(B-1) = (a=1))(1 - k(5*))5/ (p = pm)f(p)dp < 0.
7(6*)
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Next, we derive the comparative statics on the optimal capital requirement v. Note that

ACO I <£ )
- /8 p7n .

O (0%)2
As a result,
ok(s*) 05 /1 9 (z )
= — Dm dp + (6*7(0*) + (1 — 8%)pp,) f(T(0* 2| = —pm .
o0 = G | g P PR+ 57T+ (=) 67 | (25 (5
Taking the derivative of
T TEE-D = (1)
with respect to « yields
oy =GB 1) — (0= 1) — (1 - k(F) HE (B - 1)
dax (k(0*)(B—1) = (@ —1))? '
Hence, %—i < 0 implies 83—7(; > 0.
Second, note that X
or(d*) _ 1 o £
oL 0B (6%)2\ 8 "
As a result,
ok(6*) 05 /1 T (c )
= — — DPm dp+ (8*7(0%) + (1 — 6")pm) f(7(67)) | — + = —Dm | |-
9L~ Or T(é*)(p Pm)f(p)dp + (677(6%) + ( )pm) f(7(67)) AR OEAV A
Taking the derivative of
. 1—k(6%)
T TREB-D (-1
with respect to L yields
oy BB 1)~ (a— 1)) - (1— k(") BB - 1)

oL (R(6*)(B=1) = (a—=1)) '

Hence, % < 0 implies %—"’2 > 0.

Third, note that

or(6r)  Fe (L
aq __(5*)2 (5 _pm>-
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As a result,

) O =m0 5775 4 1= ) 167 wt (5-»n)
Taking the derivative of *
Y = D~ T
with respect to ¢ yields
oy PR @) (B — 1) — (a = 1) — (1 - k() #FH (5 - 1)

dq (B(6*)(B=1) = (a=1))

Hence, % < 0 implies %g) < 0, which implies % > 0.

Finally, we derive the comparative statics with respect to 8. Note that

or(s") L o Ic
98~ B (5 (6 _p’") '

As a result,

ok(5*) 05"
op OB Jr %)

98"
(0= P F@)dp+ (5 7(5%) + (1= ")) £ (7(57)) < s+ 72 (5 —pm)> . (6.5)

Taking the derivative of
. 1 —k(0%)
T TREYB -1 - (a- 1)

with respect to S yields

oy —ZERE)(B-1) — (a— 1) = (1 k(5)(k(5") + 252(8 - 1))
A (kOB -1) = (a—1)? ’

which is equivalent to

oy (L= R(E)RG) + (8 — a) T 6
op (B(*)(B=1) = (a=1))> '
Note that 85 > 0 and (6.5) 1mply that (5 ) > 0. Further, 8%(2*) > 0 and (6.6) imply that 2. < 0.

Hence, 2 8[3 > 0 implies that 2 65 < 0. Further, we know that the optimal capital requirement is given by

Ya—-(y-1)
vB—(yr—1) H(0%). (6.7)
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Taking the derivative of the left-hand side with respect to beta yields

@-DFF e S FE-DFs
G R ey U A oy gy s 1 oA

(A= =1)

Suppose that (?% > 0. This implies that the left-hand side of (6.7) decreases in §, which in turn implies

that k(6*) decreases in 8, which is equivalent to

ok(6*) 95~ [*

25"
(02 )+ (5767 + (1)) (7(6°) ( s+ 1 (5 —pm)) <o

B 0B Sy B
As a result, % < 0. Hence, % > 0 implies that % < 0.0

Proof of proposition 4:
In equilibrium, as the participation constraint of the bad bank binds, the optimal capital requirement

_ 1K)
BEGICES

As a result, the regulator’s maximization problem becomes

max 2 (9) = l(qa +(1- ) (F(r(8))L + k(8)B) - 1) AU

2 k(6)(B 1)

Taking the first-order condition of the optimization problem, we get

(8- 1) k() ( CK(O)E (g + (1 — q)(Fr(8)L + k(5)8) — 1)
(B = KO)E) (1 - q) (F(r(6))£7'(0) + k’(é)ﬁ)))

— (B=1DK(0) (g + (1 = )(F(7(9)) £ + k(3)B) — 1) (E = k(0) E) = 0,

which is equivalent to

—(qa+ (1= q)(F(7(0))L + k(0)B) — 1) K'(8) + k(d)(1 — k(9)) (1 — q) (f(7(0))L7'(d) + k' (6)B)) = 0.
(6.8)

Let us define the left-hand side of (6.8) as H(d). The first-order condition with respect to § can then be

rewritten as H(J) = 0.
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Next, let us derive the conditions under which H(1) < 0. We know that 7 (1) = £. Hence, we have

H(1) = ‘(qa +(1-q) (F (g) o kmﬁ) ) 1> </a1(p ~ ) )y %T’(l)f <g>>

B

+ (1 k(1)K - )3 [ (P — Pm) f (0)dp.

®

As aresult, H(1) < 0 if and only if

(s + -0 (F(5)ctrwe)-1) ( [ = s s (g))

B

1
> (1 - k(1)) - g)B [ (b — ) f (p)dp. (6.9)

Condition (6.9) is satisfied if « is sufficiently large. Further, condition (6.9) can be rewritten as

s+ -0 (F (5)e+ /. lpf(p)dpﬂ> -1) ( [ o= rwan+ = (5-rm) 1 (g))

> (1—/L pf(p)dp) /A pf(p)dp(l—q),@/é(p—p,@f(p)dp. (6.10)

Condition (6.10) is satisfied if ¢ is sufficiently large. Finally, if 1 — 2k(1) = 1 — Qf% pf(p)dp > 0 and
I (%) >0or f/ (%) sufficiently close to 0, then the right-hand side of (6.9) decreases in £ whereas the
left-hand side of (6.9) increases in £. As a result, H(1) < 0 if £ is sufficiently large.

Next, let us derive the comparative statics on d*. For comparative statics, we also need to assume
that the global maximum is unique and regular H'(6*) # 0, which is a generic condition and guaranteed
if (P) is a convex program (H’ < 0). It then follows that the comparative static of ¢* in a variable X has
the sign of 0H/0X, which we conduct next. First, we have

OH(5*)
Oa

= —qk'(6") < 0.
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Second, we have

>0
Pt = ~lar -0 NETREI8 D g [T (5) + (P55 (5 0n) ]
! o £ (L
>0
<|a=oreen+ -0 2L - gsere) + 0 - e LT
e+ (1= LR -2k -0 [ sy

>0

Ty

_k(5*>(1_k(é*»(l_Q)B(T((S*) _pm) 5*

Hence, if 1 —2k(6*) > 1—2k(1) > 0 and f/(7(6*)) > 0 or f'(7(6*)) close to 0, then 8%7(5*) < 0. Third, we

have
317(;(5*) = —(a— (F(r(8)L + k(0)B)E (5*) — k(57)(1 — k(cS*))B/ (p = pm)f(p)dp < 0.
q 7(6*)
As a result, aHa(;*) < 0.

Next, let us now derive the comparative statics on the optimal capital requirement v*. First, note

that

da o*

ar(s*) 29 <g pm).

As a result,

Ok(6*) _ 05 [ e ) N
da  Oa /7(6*)<P—pm)f(p)dp+(6 7(8*) + (1 — 6")pm) f(7(8%)) ( 2 (5 _pm>> _

Taking the derivative of
. 1—Kk(0%)
BRCCRICESY

with respect to « yields

Hence, % < 0 implies aaia > 0.
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Second, note that

or(e*) 1 2% /L
oL o o \p Pm)

As a result,

* * 1 ror
= 5 [ ) S+ 7757+ =8 6 (— 5+ 2 (5 ))

58 T o

E — Pm
Taking the derivative of

N Y 10

T TR (B -1

with respect to L yields

o P k(5*)(B—1) — (1 — k(6*)) 2 (8 — 1)
oL k(6*)(B —1))?
Hence, %—62 < 0 implies %—'g > 0.
Lastly, note that
or(e") _ 2% (£ _
dq 5+ \g I
As a result,
d8*
ok(6*)  06* /1 2% (L
= P —pm)f(P)dp + (6*7(6™) + (1 — 0% )pm) f(7(0” = —pm
94 a4 7(5*)( )f(p)dp + (677(67) + ( )pm) F(7(6%)) 5
Taking the derivative of
. 1— k(6%)
k(6*)(B—1)
with respect to ¢ yields
oy k(™)

S ISERE)(B - ) — (1K) P (8- 1)

dq (k(6*)(B—1))

Hence, for ¢ sufficiently small, %‘S*

implies 22"
T < 0 implies B0 > 0.

Finally, let us study the comparative statics with respect to 5. Note that

B __5*62 s

a7(6*) c 2% <,c

B_pm)-
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As a result,

ok(6*) 95 [*
op B Jr(s

s . (£ 2% (L
=P G+ (577(6) + (1= ) (7(07) ( 2 (5 —pm)>.

Taking the derivative of
BRRCCRICESY

with respect to 5 yields

oy @) (B 1) — (1— K@) (k(5") + 25 (5 - 1))
o (k(5)(8 = 1))? ’

which is equivalent to

o (L= RE)k(E) + (8 — )P
op (k(0)(B —1))? '
Hence, %—‘Z > 0 implies that 612;;*) > 0, which implies that %—'g < 0. Further, we know that the leverage
is given by
1
———— = k(6"). 6.11
VB — (v —1) ) (6.11)

Taking the derivative of the left-hand side with respect to beta yields

P . oy
v (A1) af (6.12)

E .
(y*B— (v — E))?
Further, %—Vﬁ* > 0 implies that the left-hand side of (6.11) decreases in 3, which in turn implies that k(5*)

decreases in 3, which is equivalent to

ok(6*) 95 [*
aB B Jrs+

(p — pm)f(p)dp

995"
(0 7(57) + (1= ) S (7(5")) (5*%2* = (g—pm)) <0 (613)

As a result, 6* decreases in 5. O

Proof of corollary 3:

Assume that the regulator chooses different capital requirements and different reporting systems:
(vG,0¢) and (B, dp) In equilibrium, a good bank voluntary chooses the policies (yg, dg) whereas a bad

bank chooses the policies (vp,dp). Our objective is to prove that the regulator cannot increase the
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expected surplus compared to a setting in which the regulator chooses the same policies (y,d) for both

types of banks.
First, the expected surplus can be written as

! <qa (1= q) (F(ra(66))L + ka(6a)B) — 1)%13

(

max  X(vg,7B,0¢,08) =
Ye,YB,0G,0B
+= (F(TB(5B))£ +kp(0B)B — 1>'YBE7
where the restructuring thresholds 7¢(d¢) and 75(dp) are defined as follows
£-p
1 if 0 <dg < f?pm
Tc¢(0c) = " (6.14)
é % —(1- 6g)pm) otherwise
and
L_y,
1 if0< o5 < 2 0m
5(0B) = o (6.15)
L (% —(1- 6B)pm) otherwise

0B
Second, the regulator faces the following four constraints. A good bank chooses the policy (vg,da)

(6.16)

only if
q(vga— (e — 1)+ (1 = @kc(dc)(veB — (ve — 1))
>q(ypa—(y8 — 1) + (1 = @)kp(d8)(v88 — (v — 1)).

(6.17)

Similarly, a bad bank chooses the policy (vp,dp5) only if
ke(08)(vBB — (vB — 1)) = ke (dc)(veB — (va — 1)).

Further, (y¢,d¢) and (g, dp) should be such that the good bank originates a loan portfolio whereas the
(6.18)

bad bank may or may not originate a loan portfolio, i.e., such that

q(vea—(veg—1)+ (1 -qkc(0c)(vcB — (¢ — 1)) >1
(6.19)

kp(dp)(vBB — (vp —1)) > 1

and
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First note that the two constraints (6.16) and (6.17) imply that ¢ (yaa — (va — 1)) > ¢ (ysa — (v5 — 1)),
which implies that v > . Further, given precisions d¢ and dp, the regulator’s objective function de-
creases in yp and increases in 7. As a result, the two constraints (6.17) and (6.19) are binding. The
maximization problem is then the same as in the baseline model with the same policies for both types of
banks.O

Proof of lemma 5: In equilibrium, the incentive constraint of the bank binds:

B 1 — k(5)
TTROB-1) = (a—1)

Further, the restructuring threshold is defined as

L+K
1 if 0 <6<
7(6) = pme (6.20)

1 (gi—,’g —(1— 6)pm) otherwise
Substituting + into the objective of the regulator, we can write (P) as

1 — k(5)
k(@)(B—1)—(a—1)

i 25(0) = g0+ (1= ) (FO)L + KO3 - (1= K0)K) ~ 1)
Taking the first-order condition with respect to §, we get
(k(0)(B—1) = (—1)) ( — K (0) (qa + (1 = q) (F(7(6)) £ + k(6)8 — (1 = k(6))K) — 1)

+ (1= k()1 = q) (f(7(0))£7'(8) + k() (8 + K)) )

—(B=1K(6) (g + (1 = q)(F(7(9))L£ + k(6)B — (1 = k(6))K) — 1) (1 — k(6)) = 0,

which is equivalent to

= (ga+ (1= )(F(r(9)L + k()8 — (1 = k(6)K) — 1) (B — a)k'(0)

+ (k(©)(B=1) = (a=1)) (L = k(0))(L = q) (f((6))T'(O)L + K'(6)(B+ K)) =0. (6.21)
Defining the function H(J) as the left-hand side of (6.21), we can rewrite the first-order condition as

H(5) = 0.

Let us derive the conditions under which H(1) < 0, or equivalently, the conditions under which §* < 1.
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Evaluating the first-order condition at § = 1, we get

HA) = <qa t(1—q) <F <gi’,§> LARDB—(1- k(l))lc) - 1)

x(B — a) </L+K (p = pm) f(p)dp — %T'(l)f (gi’;))

+®0Nﬁ—U—wa—DMI—MUMl—@(/;K@—pmv@MMﬁ+x»—wuﬁ(£+“)x)

B+K

- —<qa+(1—q) (F <§1,’§>£+k(1)6—(1—k(1))/€) —1)

x(8 - ) </:+K(p—pm)f(1>)dp—§j:l,§ (pm_%>f(§iﬁ)>

B+K

+%OXBD(aUMIMDxlw(/:K@me@MM6+K)
~(m-55%) 0 (55%)0)

EEa
where the equalities follow from the fact that k'(d) = ffl(é) (p — pm) f(p)dp — 67/ (8)T(8) f(7(0)) — (1 —

N7 (8)pm f(7(6)) and 7 (1) = gi—}’g

Full precision * = 1 cannot be a solution to (P) if H(1) < 0. If k(1)(8 — 1) — (a — 1) is sufficiently

small, then H(1) < 0. Further, it is readily seen that H (1) is decreasing in ¢q. As a result, if ¢ is sufficiently
large, then H(1) < 0.
Proof of corollary 4:

As in the baseline model, we assume that the program is convex so that the comparative statics are
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well-defined. We have

OH (6%)
oK

= (B )t (- 0) ()L K8~ (1~ KK~ 1)
: BB 1 (JEONE-L LK (L4K
|- 0 -+ (NeGer sk ek )

2 (52

! fr*NL+K (L+K
45—w<[wyapMﬂ>@+ e ﬂ+K(ﬁ+K—@Q>

+

N Y- )6 - £) :
<0 - reeNest s - - 0w+ 0ren TGS SE - - g - k)
S - ) : 1
) P = )+ =) =)@ - -0 [ - 013 1K)

() )

—(k(0)(B=1) = (= 1))(1 = k(67))(1 — q) ((7(5*) ~pm)?

L+K , . K(B-L) B-=L)f(r(6")K E-I-IC f(r(6%))
'*@m‘ﬁ+n>f““)N&ww+K> CRECENSE *Q%‘ ) z )'

As q approaches 1, the sign of 8%7%*) is given by the sign of
OH (6%)
oK

= —(B-a)(ga+(1—q) (F(r(5")L+k(07)8 — (1 - k(67))K) — 1)
* ay B—L 1L (ff@0)B-L)L+K (L+K
X|:_(T(6)_pm)f(7-(6 ))5*(6+K)2+(5*)2< 5*(5+’C)2 ﬁ—i—/C(ﬂ—i—/C_pm)

+ﬂﬁﬁnw—£>@ﬁ+K_M0)}

(B+K)? B+ K

As a result, if ¢ is sufficiently large and f/(7(6*)) > 0 or f'(7(6*)) sufficiently close to 0, then 8H(6 ) <0.

Further, note that

ar(*)  B-L 9 IL+K
oK~ (B+ K2 (0%)? <5+IC _p’")
As a result,
k() 95 [ . . . B-L |, Gx (L+K
oK oK T(J*)(P—pm)f(p)dp+(5 T(0%)+(1=6")pm) f(7(6%)) <_5*(5+]C) + (6% K) <ﬁ+lc pm) '

Moreover, taking the derivative of

. 1—E(6%)
T TREYB -1 (a- 1)
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with respect to K yields

o =B R(E)(B 1) — (= 1) - (1—k(@E) (5 - 1)
oK k(@) (B—1)— (a—1))2 '

As a result, if % < 0, then M

< 0, which implies that 2 T >0
Proof of lemma 5:
The regulator’s maximization problem is equivalent to choosing a probability of restructuring x(.) as

a function of p and a capital requirement v to maximize the expected surplus:

Py e (0 (= W)+ (1= G)08) ~ DI )
s.t.
1
5 / / pi(p)F(p)dp > 0 (6.22)
/0 p(1 — k(p) dp——/ (1—=k(p)f(p)dp>0 (6.23)
o (y—1) - / p(1 — K (p)f)dp(1B — (7 — 1)) > 0, (6.24)

where the constraints (6.22) and (6.23) ensure that the regulatory action is ex-post efficient given the
signal s, and (6.24) is the incentive constraint. We show that the restructuring policy must take the form
of a threshold above which the bank is continued.

We define the Lagrangian similarly with the lagrange multipliers pg, pto and up, associated to con-

straints (6.24), (6.22) and (6.23) respectively. Differentiating with respect to x(p),

OL
9k (p)

= plao(yB— (v —1)) — (1 — QBYVE — pia — ) + ((1 B+ m;w) -

Noting that this function is linear in p and positive at p = 0, we know that x(p) = 1 if and only if p < 7,
where 7 is a threshold in [0, 1].

Case 1. Suppose that gog = 0. Then, the solution g, = up, = 0 and 7 = £/ maximizes the
Lagrangian and satisfies the constraints associated to multipliers u, and p,. But, then, it is desirable to
set 7 = 0o, which contradicts AOQ.

Case 2. Suppose that pg > 0. Writing the incentive constraint explicitly after reinjecting k(p) = 1 if
and only if p < 7,

1
o (1) - / pf(P)dp(B — (v — 1)) > 0 (6.25)
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The left-hand side is increasing in 7 and the objective function is increasing in 7 when 7 € (0, £/3), hence,
it must be that, if the (IC) is binding, 7 > £/5.0

Proof of proposition 5:

Suppose that the efficient restructuring threshold is such that the incentive constraint does not bind .
Then, it is optimal for the regulator to set the threshold 7 = £/3. This threshold satisfies the constraints

(6.22) and (6.23). The expected utility of the regulator is

<qa ra-oF (5)era-o [ 8 (p)dp 1) A

B

This last expression is positive from AO. But then, it is desirable to set v = oo. This is a contradiction
with AQ. Hence, the incentive constraint binds in equilibrium.

Let us denote

H(r) = /(r)(1 - / pf(p)dp— (a— B / pf (p)dp))?/E

Taking the first-order condition of the optimization problem,

H(r) = (go+ (1 - q)(LF(r) + § / pf(p)dp) — 1)(B — a)r

1 1

1
+(1—q)(L—TB)(1- / pf (p)dp)(1 — / pf(p)dp— (o — B / pf(p)dp) = 0. (6.26)

T T

Evaluating this expression at 7 = £/8,

1 () = (wra-o(cr(E)+5 [ pron) -1) 5-af >0
(5 5) 17 ). B

so that the threshold £/ is never the ex-ante optimal choice for the regulator. Further, we know that
7* > L/ which implies that the restructuring threshold must be in the set (£/8,7].0
Proof of proposition 6: Since the ’if’ part is immediate, we prove here the ‘only if” part. Differen-

tiating H in T,

1
H'(7) = (qa+ (1 — q)(LF(r) + 8 / pf(p)dp) — 1)(8 — o)

1 1

(B a)(1— ) ()L~ 78) — (1 — q)B(1 — / pf(p)dp)(1 — /

T T

pf(p)dp — (o — B / pf(p)dp)) +F(r)(1 — B)(1 - / pf(p)dp)>-

(6.27)

pf()dp — (o — B / P (p)dp))

+(1—g)(L—7P) (Tf(T)(l - /T
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To simplify the above equation, let us rewrite equation (6.26) at the optimal threshold 7* as

(@0 (L= Q(CF(r) + 5 [ pf(p)dp) - (B - a)r

1 1 1
——(-o@-r8)0- [ pfe( - [ pi@p— (a5 [ pfe)n)

T

Reinjecting this last equality into (6.27) evaluated at 7* yields

H'(1*) =18 —a)(1 = q) f(")(L — 7°B)
1 1 1
-1 *Q)%(l - /*pf(p)dp)(l - /*pf(p)dp* (a *B/* pf(p)dp))
+(1—Q)(E—T*B)(T*f(T*)(l—/*pf(p)dp—(a—ﬁ/*pf(p)dp))+7*f(7*)(1—ﬁ)(l—/* pf(p)dp))-

(- S - £)+ (- )50 - [ pf)n)

p—

H,

1 1
<6 [ ptwp+1- [ piwp-a).

H>

It is immediate to verify that H; < 0. Next, Hs > 0 can be written as

B—1 1
> — .
a—1" [ pf(p)dp

This last inequality is an implication from the incentive constraint, since we know from the incentive

constraint that

1 :75—7+1<5—1
[Lpfpydp ye—y+1 a-1

Therefore, we have shown that ¥'(7*) < 0. Note that this holds at 7* as well as at any root of ¥/(.),
implying that 3'(.) can cross zero at most once and from below so that 3 has a single peak. Evaluating

3'(.) at 7, we know that the peak is located below 7 if ¥'(7) < 0 and above 7 if ¥'(7) > 0.
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We can further rewrite

1
H(T) = (qo+(1—q)(LF(7)+ 5 / pf(p)dp — 1)(8 — )7

+(1—q)(L - T7B)(1 - [ P (p)dp)(1 — [ pf(p)dp— (@ — B [ pf (p)dp))
= (qa+(1—-q)pE(s) —1)(B—a)T

1 g)(L—7B)(1+ “}” ~E(s)(1 - o+ (5 - DEG) - SF()

where the last equality is obtained from the definition of 7. Thus, ¥'(7) > 0 is equivalent to

(1— BE(s)(B — a)F — (L —7B)(1 + 5T —E(s))(1 — a + (8 — 1)(E(s) —
(o — BE(5)) (8 — )T — (L — 7)1 + EF(” —E(5))(1 —a+ (8 — 1)(E(s) -

q>

Therefore, we get condition (4.16) in text.O

Proof of corollary 5: Let us start by deriving the comparative statics in the case ¢ > ¢. The
threshold 7 is defined by (4.15), which is equivalent to E(s | s < 7) = £/8. Obviously, 7 does not depend
on «. Further, as £ increases, E(s | s < 7) increases, which implies that 7 increases. Similarly, as g
increases, E(s | s < 7) decreases, which implies that 7 decreases.

The optimal capital requirement is given by

o 1— [, pf(p)dp
1— [2pf(p)dp — (o — B [ pf(p)dp)

Therefore,

0y _ 7F(O) = [} pfp)dp — (o= B [7 pf(p)dp)) + (1 = [ pf(p)dp) (5 — V7 (7)

a . > 0.
or (1= 2 pf(p)dp — (a8 [ pf(p)dp))2
As a result,
oyt _ 07 71— [ pf0)dp — (0= B[ pf@)dp)) + (1= 7 pf0)dp)(B ~ DTI(F) _
oL oL (1- f; pf(p)dp — (a — B [ pf(p)dp))?
and
o 1 [ pf(p)dp

da (1— [Tpf(p)dp — (a — B [ pf(p)dp))?
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Finally, 7 decreases in 3. Hence,

oy ST - [ pf(p)dp— (o — B [} pf(p)dp))
08 (1— [ pf(p)dp — (o — B [L pf(p)dp))?
L 2 pf(p)dp) (B — 1)7f(7) 25 — [ pf(p)dp)
(1= [l pfp)dp — (o — B [ pf(p)dp))?

<0,

which implies that v* decreases in .

Then, we can derive the comparative statics in the case ¢ < q. Let H(r) = ¥/(7) be defined as the
derivative of the social surplus in 7. We know from Proposition 6 that 7* < 7 and, given that it is a local
maximum of X, H'(7*) < 0. We will assume here that it is regular maximum, H'(7*) < 0 so that the
comparative statics are always well-defined. It then follows that the comparative static of 7* in a variable
X has the sign of 0H/9X, which we conduct next:

OH (1*)
Oa

— 4(F- ) ~rgat L-aEFE) 48 [ pfo)dn) - 1)
1

SR O !

OH(r*) (1-q) / pf(p)dp(8 — )7 + 7 (qa + (1 — q)(LF(7¥) + 6/* pf(p)dp) — 1)

95
a0~ [ o [ prww
~a-ar - [ - at (-1 [ i)
e G
0= a0 - [ oo -at (-1 [ prwa) o
M) (o= P = [ o3 - o)

0q .
(-8~ [ e -atB-1) [ )

We know that H(7*) = 0. Therefore

~r(gat (L= Q(CF() + 8 | plw)dp) - 1)

=~ mte=ra)0 - [ @i —a+G-1) [ pfe)
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which implies that %—ZI . (o + %_q(qa —1))(8 — a)* > 0. Similarly, H(7*) = 0, is equivalent to

- (et (L= Q)(CF() + 6 [ plw)dp) - 1)

- ;%Z(E—T*ﬁ)(l—/T*pf(p)dp)(l—a—i—(ﬂ—l)/T*pf(p)dp)a

which implies that

pf(p)dp)(1 - 1—a+ (56—_1)0{7* pf(p)dp)

aHﬁﬂzq@—awﬂul—@vw—cxri/

Do .

a8 =)+ 5= 00~ [ piwdpB-1- (G- 1) [ pfw)p) >0,

We can conclude that the optimal threshold 7* increases in «, in ¢ and in £. From the binding incentive
constraint, we can also conclude that the optimal capital requirement moves in the same direction than

the optimal threshold with respect to ¢, & and L. More precisely, we know that

oy _ or* T () (L= [ pf0)dp — (0 = B[ pf (0)dp) + (L= [, pf )dp) (3 = DT f(7) _
oL oL (1= [ pf@)dp = (a = B [.. pf (p)dp))* ’

oy _ ort T @) (= [ ol @)dp — (o = B [ pf0)dp) + (1~ [ pf @)dp) (8~ V7 ()

9~ 9q (1= [ pf(p)dp — (o — B [ pf(p)dp))2

and

ov*

Ja

%%ﬁﬂﬁxlfﬁwﬂ@@%%afﬂﬁmﬂM@m+4L1ﬁpﬂmwxw41%Vﬁﬂ%§+D>0
(1 — [ pfp)dp — (a — B [~ pf(p)dp))?

Therefore, the optimal capital requirement v* also increases in «, ¢ and L.

Finally, the comparative statics with respect to [ is slightly more complicated. Indeed, we know that

1 1
% =(1- q)/T pf(p)dp(B — )T + 7(qa + (1 — q)(LF(T) + B/T pf(p)dp) — 1)

—uwwwwm—/M@m/pmm
" 1 ! 1
—O—Wﬂj/ﬁ®MOﬂHw—D/ﬁ®®)

The first two terms are positive whereas the last two terms are negative. There is an ambiguity for the
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following reason. As [ increases, the risk-shifting problem becomes more severe (first two terms) and the
regulator should provide more incentives to the bank to choose the low-risk loan portfolio by increasing the
restructuring threshold. On the other hand, as /3 increases, the payoff in case of continuation is increasing
(last two terms) and hence, the regulator is willing to reduce the restructuring threshold. Taking the
derivative of the incentive constraint with respect to 3, we get

o BTl - [ pf(p)dp — (a = B [} pf(p)dp)

6 (1= [Lpf(pdp—(a - B[] pf(p)dp))?
(1= [LpfP)dp)(—(B = V)57 f () + [ pf(p)dp)

(= [Lpfw)dp— (o= B [~ pfw)dp))?

Hence, %—Z < 0 implies that % < 0. Further, we know that the capital requirement is given by
/1 f(p)d .. (6.28)
pbj\p)ap = . .
- VB +1

Taking the derivative of the right hand side with respect to beta yields

(a—DZBy —v +1) = (Pa—v +D(B-D% +7°)  (a-BZF - (va—v +1)y"

(v B —*+1)2 B (v*B — v+ +1)2

Hence, % > 0 implies that the right-hand side of (6.28) decreases in 3, which in turn implies that
le* pf(p)dp decreases in 3, i.e. 7* increases in §. O

Proof of corollary 6: In equilibrium, the incentive constraint of the bank binds:

y = L= xk(1) = (1 = x)k(9)
Ock(1) + (1 =2)k(0))(B —1) = (@ = 1)

Substituting ~ into the objective of the regulator, we can write (P) as

mx (g0 -+ (=) ( (0 (5) + 0= 0F (706 £+ (k1) + (1= 0k(6)8) - 1)

1= xk(1) = (1 = x)k(9)

OO CED R
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Taking the first-order condition with respect to §, we get

(kD) + (1= 0k = 1) = (= 1) (=108 ) (aa+ -0 (xr (5) + 1= 0P (0D £

O + (1= 0KE)S) ~1)
(1= k(1) = (1= R =) (1 — @) (F@)LH(6) + K (5)5) - f(¢<6>>v’<5>c>)
-0 (B 1K) (qa - q>( <><F (';“) . X)F(T(5))) L4 (xk(1) + (1 - X)k(5))ﬂ> _ 1)

X (1= xk(1) = (1 = x)k(5)) = 0,

which is equivalent to

~ =) (gt @ (v (5)+0-0FE0)) £+ (k) + (1= 0KE)3) -1

+ (k1) + (1 =x)k(0)(B = 1) = (= 1)) (1 = xk(1) = (1 = Xx)k(9))

X ((1=q) (f(r(0))L7'(d) + ¥(6)8)) = 0. (6.29)

Defining the function H () as the left-hand side of (6.29), we can rewrite the first-order condition as
H(J) = 0. Let us derive the conditions under which H(1) < 0, or equivalently, the conditions under which

0* < 1. Evaluating the first-order condition at § = 1, we get

1) = ~(wra-0(F(5)crrs) 1) o0 </:(p—pm)f(p)dp—gf’(l)f('g))

1

+EMO)E -1) = (@=1)) (1 - k(1)1 —q) /f_ (p —pm) S (p)dpp.

B

Hence, if k(1)(8—1) — (e« — 1) or fi (p — pm) f(p)dp is sufficiently small, then H(1) < 1. Further, it is
B
readily seen that H(1) is decreasing in ¢ if ¢ is small. Hence, we have H(1) < 0 if ¢ is sufficiently small

and ¢ sufficiently large.
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Further, we have

P = oy (a-o( (£ (5) - Feen) £+ k- k)5) )
—((0k(1) + (1= RO~ 1) — (0~ 1) (1) — (5°)) (L~ 0) (F(E DL () + K()8))

+(k(1) = £(07)(B = 1)1 = xk(1) = (1 = x)k(67)) (1 = q) (f(7(6")£7'(67) + K'(67)B))

= —(B-a)k(5" 1—q<( ( ) F(r ) k(l)—k(5*))5>

(1 =20ck(1) + (1 =x)k(0)))(B = 1) + (= 1)) (k (1)—k(5*))(1—q)/ *)(p—pm)f(p)dpﬂ

Hence, if (2xk(1) — 1)(8 — 1) > a — 1, then 20 < 0. O
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Appendix 2: residual bank equity

In the main text, we assume that, if the bank gets a risky loan, the bank’s shareholders get a zero payoff
in case of regulatory intervention. In this appendix, we show that, even if the bank can intervene in a
risky loan without transferring it to the regulator, the bank still has zero equity left as long as assumption
4 is satisfied. We briefly discuss the alternative case in which the bank gets a strictly positive payoff in
case of intervention in a risky loan. For simplicity, we assume that regulator directly chooses the bank
size A.

Suppose that the bank can intervene in a risky loan without transferring it to the regulator. In this
environment, if the bank has a risky loan and the bank intervenes, the bank obtains £ instead of having
to transfer all of its equity to the regulator. For high enough bank size A (to be derived later on),
AL — (A— FE) <0, ie., the bank with a risky loan still has zero equity left in case of intervention in a
risky loan, so this case is only relevant for environments where banks start with high levels of equity or the
agency friction is not very high. For simplicity, we assume that the bank learns perfectly the realization
of the probability of default p at ¢ = 1, but the bank cannot credibly reveal p to the regulator.

At t = 1, if the bank has originated a low-risk loan portfolio, the bank voluntarily restructures a risky

loan if and only if
4(Aa— (A= )+ (1—q) (AL — (A E) — Ac > g (Aa— (A— E)) + (1 — q)p (AB — (A E)),

which is equivalent to
AL—-(A-E)

PR A

@I

As a result, the bank’s restructuring threshold is lower than the regulator’s restructuring threshold. The
bank therefore never incurs the inspection cost and the optimal intervention is the same as in our baseline
model: the regulator restructures a risky loan if and only if p < 7(§), where the threshold 7(J) > % is the
same as in our baseline model.
Given this optimal intervention policy, the bank originates a low-risk loan portfolio at ¢ = .5 if and
only if
Aa— (A—E)> F(1(§))(AL—(A—FE))+k(0) (AB—(A-E)).

As in the baseline model, we rule out the solution with 6* = 1 and A arbitrarily large, which implies that

the incentive constraint of the bank is binding in equilibrium. The optimal capital requirement v* is then
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given by the binding incentive constraint, i.e,

A" _ 1— F(r(9)) — k(9)
E kO)B-1-Fr0)1-L)—(a—1) (6.30)

After deriving the optimal capital requirement, let us derive the conditions under which the bank with
a risky loan does not get a positive payoff in case of intervention. If A*L — (A* — F) < 0 with A* given

by the incentive constraint of the baseline model, i.e.,

A 1 — k(6%)

E ~k@)BF-1)—(a—1)

then the bank with a risky loan always defaults in case of regulatory intervention and we are back to the

case analyzed in our baseline model. Note that assumption 4 implies that

1— k(1) N 1
EL)(B-1)—(a—1) = 1—(qa+(1-qL)

A*
= >
7 2

As a result, under assumption 4, we have

A* 1
> T
E ~—1-L

which implies that the bank always defaults with regulatory intervention in a risky loan as in our baseline
model.
Otherwise, if assumption 4 is not satisfied, then the condition that makes sure that the bank with
a risky loan does not default in case of intervention is given by A*L — (A* — E) > 0 with A* given by
equation (6.30). This condition is satisfied if we assume that the parameters («, £, g, 5, ¢) are such that
1—F(7(6%)) — k(6%) 1

KO (B —1) - F(r(0 )1 —L) —(a—1) ~1-L° (6.31)
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