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Abstract

Loan guarantees represent a form of government intervention to support bank
lending. However, their use raises concerns as to their effect on bank risk-taking
incentives. In a model of financial fragility that incorporates bank capital and a bank
incentive problem, we show that loan guarantees reduce depositor runs and improve
bank underwriting standards, except for the most poorly capitalized banks. We
highlight a novel feedback effect between banks’ underwriting choices and depositors’
run decisions, and show that the effect of loan guarantees on banks’ incentives is
different from that of other types of guarantees, such as deposit insurance.
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1. Introduction

Periods of crisis, when economic fundamentals are poor, are catalysts for gov-
ernment intervention. Often these periods are coupled with credit market freezes,
with banks sitting on capital rather than lending it out, possibly further worsening
fundamentals to the extent that viable firms get denied credit. A case in point is the
Covid-19 pandemic, which erupted in early 2020 as an unexpected shock leading to
a sudden and deep liquidity crisis for non-financial corporates and triggering massive
interventions by public authorities (e.g., Eichenbaum et al., 2021; Ding et al., 2021;
Li et al., 2020).

Despite differences across countries, one major form of intervention consisted of
public guarantee schemes (PGSs) on loans aimed at supporting the flow of credit to
the economy following the decline in economic fundamentals. As described in more
detail in Section 2 below, one important element in common in these schemes was
their use as stimulative tools through the offer of credit protection against the default
of the borrower. While sharing the objectives of such programs, their widespread
use has also raised important questions among economists concerning their impact
on lending standards and continuation decisions. While PGSs are typically adminis-
tered by a public authority, the final lending decisions (i.e., selection and monitoring
of the recipient) remain in fact with the financial intermediary. It follows that, as
with any form of insurance, the introduction of PGSs may generate moral hazard
by encouraging riskier lending at the margin through banks’ reduced incentives to
select and monitor borrowers properly (e.g., Kelly et al., 2016; Gropp et al., 2014).2
Similarly, the reliance on public support programs may induce banks, and in par-

ticular those with little capital, to engage in “evergreening,” thus keeping nonviable

2This is a commonly held view concerning the impact of deposit insurance, for instance, and
is often cited as a rationale for prudential policies (e.g., capital requirements) to control excessive
risk-taking.



firms alive (see e.g., Acharya et al., 2020, 2021; Laeven et al., 2020; Dursun-de Neef
and Schandlbauer, 2021).

In this paper, we analyze the effect of loan guarantees on banks’ underwriting
incentives in a framework where the asset and liability sides of banks’ balance sheets
endogenously interact and jointly determine banks’ incentives. Unlike other guar-
antee schemes, such as deposit insurance, loan guarantees accrue to banks and help
them remain solvent, thus having the potential to directly influence bank behavior.
In addition, they can also benefit depositors when losses would put the bank at risk
of defaulting on its liabilities, and therefore they have implications for depositors’
withdrawal behavior. Evidence supports the incentive view of demandable debt (e.g.,
Iyer and Puri, 2012; Iyer et al., 2016; Martin et al., 2018; Artavanis et al., 2019; Car-
letti et al., 2021): investors react to signals on banks’ fundamentals when deciding
whether to withdraw their funds and, anticipating this, banks take investors’ reac-
tions into account when making their lending decisions. It follows that the impact
of loan guarantees for lending is best analyzed in a framework that incorporates the
feedback between bank lending decisions and depositor withdrawal decisions.

To this end, we present a model of financial fragility in the spirit of Goldstein and
Pauzner (2005), which we enrich along two important dimensions. First, we introduce
an endogenous effort problem so that, through their underwriting decisions, banks
can influence the success probability of the loans they extend. Second, we assume
that banks maximize profits and fund themselves with equity in addition to deposits.?

The model has two periods. In the first period, banks with some equity capital
raise additional funds in the form of (demandable) debt and grant long-term loans to

finance firms’ projects. These projects yield a return in the final period that depends

3Thus, our framework features both an endogenous run probability and an endogenous bank
effort choice, extending the analysis in Calomiris and Kahn (1991) and (Diamond and Rajan, 2000,
2001), where the threat of a run plays a disciplinary role for bank incentives together with own
capital.



on both bank effort and economic fundamentals. Depositors may leave their funds
in the bank until projects mature or they may withdraw in the first period, thus
precipitating a run. As is common in global-game models of bank runs, depositors
base their withdrawal decisions on a signal they receive in an intermediate period,
which provides them with information on the fundamentals and which allows them
to draw inferences on other depositors’ behavior. If the bank is unable to meet its
obligations at the final date, the bank’s default leads to costly bankruptcy.

We first show that banks are subject to runs with a probability that decreases
with the amount of capital they have. Highly capitalized banks are subject to runs
only when macroeconomic fundamentals are sufficiently poor, while banks with less
capital are also prone to panic runs, meaning that their depositors may run because
of coordination failures among them. This role for bank capital in determining banks’
exposure to depositor panics is reminiscent of Diamond and Rajan (2000), who argue
that capital reduces the cost of excessive runs. Anticipating depositors’ withdrawal
decisions, banks set the long term payoff on the deposit contract as well as their
underwriting standards.

We then analyze the introduction of loan guarantees. We focus on a scheme in
which the government is in a first-loss position so that, whenever a borrower fails to
repay the promised amount, the government makes a transfer to the bank to cover
the loss, up to some limit. Key for the analysis is the treatment of such transfer in
case of bank default. We consider two cases: either the transfer is subject to the
same bankruptcy costs as any other bank asset or it is protected from such costs
and is not subject to dissipation. The two cases reflect different views on the nature
of bankruptcy costs. The former case, which we refer to as “full bankruptcy costs,”
reflects a situation where bankruptcy losses originate primarily from inefficiencies
in bankruptcy procedures due to hold-up problems among creditors or inefficient
judicial systems. The latter, which we denote as ”bankruptcy-protected,” captures

instead a setting where bankruptcy losses stem primarily from the illiquidity of bank



assets, such as loans, and hence do not apply to more liquid assets such as government
transfers.

Loan guarantees allow banks to obtain higher profits when they are solvent and
also to repay deposits when losses get sufficiently large. As a result, the presence of a
loan guarantee always leads to a reduction in depositors’ incentives to run. Combined
with banks’ increased profits, these two effects together contribute to increasing
banks’ charter values, thus increasing their incentives to avoid default. This leads
to improved underwriting standards when the guarantees are subject to dissipation
in the event of bankruptcy. The mechanism is reminiscent of that in Cordella et al.
(2018), where greater deposit guarantees may sometimes lead to better monitoring,
and distinct from papers such as Marcus (1984) or Keeley (1990), where changes in
charter value are driven by the degree of banking competition.

By contrast, when guarantees are bankruptcy-protected, the introduction of loan
guarantees may worsen bank monitoring incentives. Since depositors obtain the guar-
anteed transfers also when the bank’s monitoring effort is unsuccessful, the presence
of loan guarantees makes depositors’ withdrawal incentives less sensitive to changes
in bank underwriting standards. This effect reduces the benefit for banks to exert
effort and is dominant for the most poorly capitalized banks.

The impact of loan guarantees on bank underwriting incentives and run probabil-
ities remain qualitatively the same when we consider another guarantee type denoted
as a "loss sharing” scheme, in which there is sharing of losses between the government
and the bank.* However, the two schemes differ in terms of costs and effectiveness
for bank incentives. In particular, for a given run probability, the first-loss guarantee
provides greater incentives to the bank but at a higher cost.

In a further step, we analyze another form of bank risk-taking in the form of ever-

4The two schemes we consider mirror the structures of the guarantees used in practice in address-
ing the need for sustaining lending in the aftermath of the Covid-19 pandemic (see, for example,
European Commission (2020)).



greening incentives (i.e., incentives to continue projects that ought to be liquidated),
which has also been at the center of the policy discussion. We show that the in-
troduction of loan guarantees leads to more evergreening due to depositors’ reduced
incentives to run, in particular for worse-capitalized banks. However, the improved
underwriting resulting from the loan guarantee partly attenuates this negative effect
and on net leads to an increase in total output.

We extend the analysis in two directions. First, we endogenize the deposit rate
in the presence of loan guarantees and show that all results remain unaltered. This
situation reflects the presence of long standing guarantees such as those used in the
US to sustain small businesses. Second, we contrast the results from loan guarantees
to those that obtain from deposit insurance. We show that introducing loan guar-
antees in a context where deposits are insured does not affect the qualitative results
concerning bank underwriting standards, although deposit insurance by itself always

leads to less bank effort.

2. Public guarantee schemes (PGSs)

Guarantees are relatively common in practice both in private and public forms.
For example, Beyhaghi (2022) shows that over one-third of corporate loans issued by
US banks are guaranteed by separate legal entities, mostly in the form of personal
or corporate guarantors. Similarly, Ahnert and Kuncl (2022) report that 62% of
outstanding residential mortgages were insured by the US government through the
Government Sponsored Enterprises in 2018.

The goal of PGSs is to improve access to credit for firms, thus also supporting
employment. From a policy perspective, loan guarantees can be used as stimulative
tools in normal times for businesses that may have difficulty in accessing credit, or
they can be a response to sudden shocks weakening economic fundamentals. An
example of the former can be found in Small Business Administration (SBA) loans,

which provide partial guarantees to private lenders, extending loans to younger firms



and supporting employment and credit supply to these firms (e.g., Brown and Earle,
2017; Bachas et al., 2021). An example of the latter can be seen in the response
to the outbreak of the Covid-19 pandemic in many economies. To give an order of
magnitude, in Europe more than 320 billion euros of new loans were provided under
these crises response schemes in just four countries — France, Germany, Italy and
Spain — as of September 2020 (ECB (2020); Falagiarda et al. (2020)). Similarly,
in the US 5.16 million borrowers had access to guaranteed loans through the $669
billion Paycheck Protection Program (PPP) as of November 2020 (Balyuk et al.,
2020; Baudino, 2020; Chodorow-Reich et al., 2022).5

Public guarantees are paid when the borrower defaults, thus protecting the lender
from credit losses, and can be provided for loans intermediated by different types of
lenders. For example, in the US the PPP program was applicable to loans provided
by both banks and non-banks such as FinTech lenders, with the two types of lenders
extending around 80% and 20%, respectively, of the total guaranteed loans under
the program (Howell et al., 2021; Erel and Liebersohn, 2022), in line with the fast-
growing importance of FinTech in extending credit to US small businesses (Gopal
and Schnabl, 2022). By contrast, in Europe, given the greater reliance on bank
lending (e.g., ECB (2022)), the set of lenders eligible for PGSs extended during
the pandemic was limited to banks and regulated financial intermediaries (Core and
De Marco, 2021).

A growing literature analyzes the role of banks and other lenders as conduits of
public liquidity through government guaranteed loans to SMEs in Covid times, both
in Europe (e.g., Core and De Marco, 2021; Gonzalez-Uribe and Wang, 2020; Jiménez
et al., 2022) and the US (Balyuk et al., 2020; Bartik et al., 2020; Cole, 2020; Duchin

5Similarly, the European Commission adopted a new crisis framework in March 2022 to support
the economy in the context of Russia’s invasion of Ukraine, whereby Member States can provide
guarantees to ensure banks keep providing loans to companies affected by the current crisis (Euro-
pean Commission, 2022).



et al., 2022; Hubbard and Strain, 2023). The focus in these studies ranges from
highlighting the importance of supply heterogeneity in the allocation of guaranteed
loans to their implications for firm employment.

While PGSs appear to have been generally successful at maintaining a stable
flow of credit, their use as a response to the pandemic has also been viewed as
entailing some fraud or undesired consequences. For example, focusing on the role
of banks in the PPP program, Granja et al. (2022) find evidence that the program
had little effect on employment in the months following its initial rollout, while
Griffin et al. (2022) find that, in the same context, both misreporting and suspicious
lending by FinTech companies has increased due to the lack of robust verification
requirements. In a similar vein, Altavilla et al. (2021) show that in Europe, despite
being extended to small but creditworthy firms in sectors severely affected by the
pandemic, guaranteed loans partially substituted for pre-existing debt, especially for

riskier firms, thus shifting part of the existing credit risk from banks to governments.

3. Relation to the literature

Our paper makes a number of contributions. First, our framework incorporates a
bank’s effort choice on the asset side in a model of financial fragility, where the prob-
ability of runs is endogenously determined. The paper therefore extends standard
models of financial fragility (e.g., Goldstein and Pauzner, 2005; Allen et al., 2018)
to analyze the importance of the run threat for a bank’s asset choice. This focus is
in line with empirical evidence finding that banks are traditionally highly leveraged
institutions, with debt being kept predominantly in the form of (both insured and
uninsured) demandable (or short term) debt (e.g., Egan et al., 2017).

Another strand of literature has instead analyzed credit risk in the form of bank
monitoring effort and the role of bank capital, but without including considerations
of financial fragility. For example, Holmstrom and Tirole (1997) study the incentive

problem for a bank to monitor a borrower and show how this incentive depends on



the amount of capital the bank has. Hellmann et al. (2000), Repullo (2004), Morrison
and White (2005), Dell’Ariccia and Marquez (2006), Allen et al. (2011), Mehran and
Thakor (2011), Dell’Ariccia et al. (2014) study settings where banks are subject to
moral hazard in their monitoring decisions, and where equity capital helps improve
bank incentives (see also Thakor, 2014, for a survey). It follows that banks may have
incentives to raise capital even in the absence of capital requirements. None of these
papers, however, studies how bank monitoring is affected by, and in turn affects,
financial fragility in the form of bank runs. An exception is Kashyap et al. (2020),
who focus on the effect of capital and liquidity for credit and run risk. Instead, we
are interested in the effects of loan guarantees for bank monitoring choice and the
likelihood of runs.

Second, we contribute to the literature on the role of public loan guarantees by
building a framework where guarantees introduced in response to crises impact the
feedback between the asset and liability side of banks’ balance sheets. As remarked
above, guarantees on lending contracts are common in practice. Focusing on third-
party loan guarantees for residential mortgages, Ahnert and Kuncl (2022) present a
model where this type of guarantee decreases lending standards but improves market
liquidity. In their model, lenders can pass default risk to an outside guarantor upon
origination, thus avoiding costly screening. We also analyze loan guarantees upon
origination, but in a context where these are not an alternative to bank screening.

Third, our paper is related to the literature studying alternative ways to transfer
credit risk onto third parties after loan origination. For example, Parlour and Plantin
(2008) and Parlour and Winton (2013) study the effects of credit default swaps
(CDSs) on banks’ monitoring incentives as an alternative to loan sales in secondary
markets. They show that CDSs tend to dominate loan sales only for riskier credits,
while their effects on bank monitoring depend on credit quality. In contrast, we
focus on loan guarantees where banks retain both cash flow and control rights, and

show that in the presence of these guarantees bank incentives depend on the level of



capital, the size of the guarantee, and the nature of bankruptcy costs.

Fourth, a large strand of literature has focused on the role of government guar-
antees such as deposit insurance or other forms of implicit guarantees on banks’
liabilities. On the one hand, these guarantees are thought to have a positive role
in preventing panics among investors and help stabilize the financial system (e.g.,
Diamond and Dybvig, 1983). On the other hand, they may distort banks’ incentives,
leading to an increase in financial fragility (see e.g., Calomiris, 1990; Acharya and
Mora, 2015). Reconciling the two views, more recent studies show that government
guarantees can improve welfare because they induce banks to improve liquidity pro-
vision (Keister (2016)), although they may also increase the likelihood of runs (Allen
et al. (2018)). The idea that a government guarantee on deposits can actually be
good for incentives has been studied in Cordella et al. (2018), who show that, by
reducing a bank’s cost of funding, a deposit guarantee increases the return to the
bank and creates greater incentives to monitor. In this paper, we focus on PGSs for
loans rather than deposits and study how they affect bank behavior and financial
stability through their interaction on the asset side of the balance sheet.

Finally, our analysis of the effect of loan guarantees on banks’ incentives to engage
in evergreening connects to a recent literature on zombie lending, i.e., the provision
of credit to firms already in distress.® In Hu and Varas (2021), evergreening emerges
from the existence of dynamic lending relationships and the advantages that a re-
lationship bank can obtain from helping its borrowers to have a strong reputation.
Bruche and Llobet (2014) show that zombie lending arises from limited liability. Rel-
ative to these papers, we focus on the effect that the introduction of a loan guarantee
has on bank incentives to continue providing credit to firms in distress and highlight

the role of bank capital. Related to this last point, Blattner et al. (2023) show em-

6A number of earlier contributions focused on the Japanese experience; see, e.g., Peek and
Rosengren (2005); and Caballero et al. (2008).



pirically that, following the introduction of more stringent capital requirements in
Portugal, weak banks started to provide credit to distressed firms for which the bank
had been underreporting loan loss provisions prior the regulatory change. A similar
result is also found in Schivardi et al. (2022), who show that during the 2008 financial
crisis undercapitalized banks were more likely to provide credit to zombie firms than
better capitalized ones. In line with this, in our framework poorly capitalized banks

have the greatest incentive to engage in evergreening.

4. The model

Consider a three date economy (¢ = 0,1,2) with banks and a large number of
both firms and (atomistic) risk-neutral investors, with unitary endowment at date
0. On the asset side, each firm has a unit demand for a bank loan to finance a long
term risky project”, which, if held to maturity, yields a return }3, with

P-{
The date 2 project return depends on the fundamentals of the economy 6 and on the
bank’s effort choice ¢ € [0, 1]. The former captures the level of macroeconomic risk,
while the latter represents the (endogenous) effort undertaken by a bank, which we
will refer as either “underwriting” or “monitoring” throughout. We assume that the
fundamentals of the economy 6 are drawn from a uniform distribution in the range
[0, 1] with probability a; with complementary probability 1 — «, @ is instead drawn
from a uniform distribution in the range [1,2]. In this respect, we interpret changes
in « as shocks to the economy’s fundamentals. The assumption 6 € [0, 2] guarantees

that intermediation is feasible for any level of capital k. Furthermore, it captures

"This specification implies that investors inelastically supply funds to the bank, and firms have
an inelastic demand for loans, so that we can abstract from quantity effects on either the loan or
the deposit market. On the liability side, investors need only have their reservation utility satisfied
to be willing to deposit, consistent with the idea of a monopolistic deposit market. As specified
below, the loan market is more stylized and the loan rate is set exogenously.

10



the realistic case where the borrower defaults only in some states (i.e., when 6 < 1)
and, in turn, as we show below, the loan guarantee is only paid when such default
occurs.

Exerting greater underwriting effort ¢ is costly and we assume that the bank bears
a private cost of c%. For simplicity, we normalize the interest rate a bank receives
on its loan to R, so that the bank’s payoff is that of a standard debt contract. As
shown in Figure 1, the bank receives full repayment for # > 1, while there is partial

default for # < 1, with the bank receiving R and suffering losses R (1 — ).
Insert Figure 1

The loan can be liquidated early at ¢ = 1, in which case it yields an amount whose
value depends on the fundamental 6. Specifically, the liquidation value is equal to
L < 1for€[0,6) and to 1 for 6 € [6,2]. The idea is that the firm’s project can only
be liquidated at a cost when its returns are insufficient to fully repay the bank, while
the asset’s value upon liquidation is not impaired when its returns are high enough to
fully repay the bank’s loan.® The cutoff value 0 is assumed to be close to but strictly
below 1. To this end, we set 0 < 1 —2¢ and, in most of the analysis, ¢ is taken to be
arbitrarily close to 0. Finally, we assume that « fol qROdO+ (1 — «) ff qu@—c% > 1
for some ¢, so that granting loans to finance firms’ projects dominates storing as long
as the bank exerts a sufficiently high monitoring effort.

Each bank has (internal) capital of k and, at date 0, raises the remainder 1 — k
from investors in the form of demandable debt. The mass 1 — k of investors at each
bank holds a standard demandable deposit contract giving them the possibility to
withdraw early or wait until the final date. At date 1, a depositor, whose outside

option is normalized to 1, can redeem his deposit from the bank at par, i.e., for the

8The assumption concerning the liquidation value L resembles the technical assumption made
in Goldstein and Pauzner (2005) where there is no cost associated with early liquidation for high
enough levels of the fundamental 6.
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same amount that was originally deposited, while he receives ro > 1 at date 2 if he
waits until then.”

The promised repayments {1,7,} are paid as long as the bank has enough re-
sources. If depositors choose to withdraw at date 1, the bank liquidates as much
of its assets as needed to satisfy withdrawals and carries any remaining amount to
date 2. If the bank has insufficient resources to meet depositors’ demands at date 1,
all its assets are liquidated and the 1 — k£ depositors receive a pro-rata share of the
liquidation value. By contrast, if the bank fails to repay depositors r, at date 2, the
bank enters a bankruptcy procedure and depositors experience losses as a result.!?
For simplicity, we assume full bankruptcy costs, so that depositors receive nothing
upon insolvency of the bank at date 2. The bankruptcy costs may originate either
from coordination failures among the bank’s creditors which makes it difficult and
costly for them to seize the remaining value of the bank, or from the illiquidity of
the bank’s assets, where some value is lost when selling to alternative users/lenders.

The different possible sources of bankruptcy costs will play an important role in the

analysis of the loan guarantee scheme, as we discuss in detail below.!!

While we assume that the bank offers demandable debt, Carletti et al. (2022) show, in a
similar framework, that profit-maximing banks find it optimal to offer demandable deposit contracts
without penalties for early withdrawals even at the risk of triggering a bank run. Hence, assuming
ry = 1 is just a normalization in our context. Alternative justifications for the optimality of
demandable debt relate to the presence of asymmetric information problems in credit markets (see
e.g., Flannery, 1986; Diamond, 1991), conflicts between bank managers and debtholders (see e.g.,
Calomiris and Kahn, 1991; Diamond and Rajan, 2000, 2001; Eisenbach, 2017), and idiosyncratic
liquidity shocks to banks’ depositors (e.g., Diamond and Dybvig, 1983).

10Considerable empirical evidence shows that bank bankruptcy costs are substantial. For ex-
ample, James (1991) finds that when banks are liquidated, bankruptcy costs are 30 cents on the
dollar.

HThe asymmetric treatment of bankruptcy costs at date 1 and 2 is consistent with the idea
that at least part of the cost associated with bankruptcy may stem from uncertainty related to
the asset return. Importantly, this assumption does not qualitatively affect our results, as we show
in Appendix B, where we replicate the analysis with a symmetric treatment of bankruptcy costs.
Specifically, we consider the presence of bankruptcy costs at both date 1 and 2 as well as their
absence at either date.

12



The state of the economy @ is realized at the beginning of date 1, but is publicly
revealed only at date 2. After 6 is realized at date 1, each depositor receives a private
signal s; of the form

S; = €+5i7 (1)

where ¢; are small error terms that are independently and uniformly distributed over
[—&, +¢]. After the signal is realized, depositors decide whether to withdraw at date
1 or wait until date 2.

The timing of the model is as follows. At date 0, banks raise deposits with a
deposit contract {1,772}, and then choose their monitoring effort ¢q. At date 1, after
receiving the private signal about the state of the fundamentals 6, depositors decide
whether to withdraw early or wait until date 2. At date 2, the bank’s project return

is realized and depositors that chose to wait are repaid.

5. Economy without guarantees

In this section, we characterize the allocation for the baseline case where there
are no guarantees. We start by analyzing depositors’ withdrawal decisions at date 1,
taking the deposit contract {1,r} and the riskiness of the investment project ¢ as
given. Then, we move on to the choice of the monitoring effort ¢ and the terms of

the deposit contract rs.

5.1. Depositors’ withdrawal decision

Depositors base their withdrawal decisions on the signal they receive, as this
gives them information about the economy’s fundamentals # and allows them to
draw inferences on the actions of all other depositors at the bank. When he receives
a high signal, a depositor expects the return of the bank’s loan portfolio to be high
and, at the same time, he expects that other depositors have also received a high
signal. This lowers his incentives to withdraw early (i.e., run). Conversely, when a

depositor receives a low signal, he expects a low return for the bank, and hence less

13



cash available to repay depositors, and also a large number of depositors to run. As
a result, he has a higher incentive to run. This suggests that depositors withdraw
at date 1 when the signal is low enough, and wait until date 2 when the signal is
sufficiently high.

To show this formally, we first examine two regions of extremely bad and ex-
tremely good fundamentals, where each depositor’s action is based on the realization
of the fundamentals 6 irrespective of his beliefs about other depositors’ behavior. We
start with the lower region.

Lower Dominance Region. The lower dominance region of 6 corresponds to the
range [0,0) in which running is a dominant strategy. Upon receiving a signal that
suggests 6 is in this region, a depositor is certain that the date 2 expected repayment
is lower than the payment from withdrawing at date 1, even if no other depositors
were to withdraw. Given the presence of bankruptcy costs, the depositor knows
that at date 2 he will receive either gry > 1 if the bank is solvent or 0 otherwise.!?
Thus, he has an incentive to run whenever the bank is insolvent, i.e., for # below the

threshold @ (k), which is the solution to
RO = (1 —Ek)rs. (2)

Upper Dominance Region. The upper dominance region of € corresponds to the
range [0,2] in which fundamentals are sufficiently good that waiting to withdraw
at date 2 is a dominant strategy. The higher liquidation value for 6 > 5, together
with the promised date 1 repayment of 1, guarantees that the bank liquidates only

12The condition gre > 1 is required for investors to deposit and for intermediation to be feasible.
If gro < 1, depositors would never find it optimal to wait until date 2 and would strictly prefer
to withdraw early, at date 1. Anticipating this, all depositors would prefer to pursue whatever
alternative investment is available to them yielding 1 rather than deposit at the bank. Hence, a
minimum requirement for intermediation to be feasible is that the bank chooses a high enough
level of monitoring so that, given the equilibrium ro, gro > 1. This can readily be achieved for ¢
sufficiently low and/or R sufficiently high.

14



1 unit of its investment for each withdrawing depositor, thus preventing strategic
complementarity in depositors’ decisions. Given that 0> @, the bank’s resources are
enough to fully repay depositors’ promised repayment at date 2. This implies that,
for any 6 > é\, a depositor waiting until date 2 expects to receive gqry > 1. It follows

~

that @ = 6, so that the upper dominance region corresponds to the region where
there is no impairment in the liquidation value of the assets, as described above.!3
The Intermediate Region. When the signal indicates that 6 is in the intermediate
range, [0,0), a depositor’s decision to withdraw early depends on the realization of
0 as well as on his beliefs regarding other depositors’ actions. To see how, we first
calculate a depositor’s utility differential between withdrawing at date 2 and at date
1. Using n to represent the fraction of depositors who choose to withdraw early, this

differential is given by

v(0,n)= 0—-1 ifn@)<n<n (3)
0—gogn  Hm<n<1

where 7 (6) solves

while 7 solves

L=m(1—k).

The threshold 7 (0) represents the proportion of depositors running at which a bank
is no longer able to repay ro to those waiting until date 2, while m captures the
number of withdrawing depositors at which a bank liquidates the entire portfolio at
date 1. As illustrated in Figure 2, when 1 — k < L the function v (6, n) is constant

in n and is equal to gro —1 > 0 if # > @ and to —1 if § < 6. Hence, in this case

BAs ) < 1, the discontinuity in the distribution of 6 due to the parameter v at 8 = 1 is included
in the upper dominance region and thus does not affect the characterization of the panic threshold
0* below.
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v (0,n) is either positive or negative depending on whether 6 is above or below 6.
This implies that a depositor’s incentive to run is independent of what others do or,

in other words, that runs are only triggered by the fear that fundamentals are low.

Insert Figure 2

Figure 3 illustrates the case when 1 — k > L and shows that the function v (6, n)
is constant and positive for 0 < n < n (0), while it is always below zero in the range

A(0) <n<m

Insert Figure 3

Since 1 — k > L and each depositor is promised 1 unit at date 1, the bank has to
liquidate more units of the project than the number of withdrawing depositors, thus
being forced to liquidate all its assets prematurely if many depositors demand their
funds at date 1. This introduces strategic complementarities in depositors’ with-
drawal decisions, as is typical in models of runs (e.g., Goldstein and Pauzner, 2005):
the expected payoff of depositors waiting until date 2 is decreasing in the proportion
n of depositors withdrawing at date 1, so that their incentive to run increases with
n. Hence, a depositor’s withdrawal decision depends on other depositors’ behavior
and runs are driven by fears of large withdrawals in the form of panics.
Throughout, we focus our results on the limiting case where € — 0, so that the
noise in depositors’ information becomes vanishingly small. This implies that all
depositors behave alike: they all either withdraw at date 1, or wait until date 2. The

following proposition characterizes depositors’ withdrawal decisions.

Proposition 1. The model has a unique equilibrium for depositors’ withdrawal de-
cisions, where depositors only withdraw below a certain threshold of fundamentals,

as follows:
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a) When 1 —k < L, only fundamental runs occur for 6 below the threshold 6(k),
where

oy = L0 )
00(k)

with O(k) decreasing in k: 5= <0,
b) When 1 —k > L, panic runs also occur for 0 below the threshold 0*(q, k, L,r3),

where

0*<Qa ka LaTQ) :quz—_?;l_k)7 (6)
qreo — T I3

and m = [; dn + fﬁl ﬁdn. The threshold 0* (q,k, L,r5) € (0(k),1) decreases

. . 00*(q,k,L,r2) 00* (q,k,L,r2) 00*(q,k,L,r2)
with q, L, and k: — < 0, =3 <0, and === < 0.

The proposition shows the importance of bank capital for run risk. When a bank
is well capitalized (i.e., when 1 —k < L), runs are driven only by poor fundamentals,
and the critical threshold @ is decreasing in the amount of capital k. In contrast,
when a bank has little capital (i.e., when 1 — k > L), it is exposed to runs over a
larger range of fundamentals (i.e., for 6 < 6* with 6* > ) due to the presence of
strategic complementarities. The panic threshold 6* decreases with the monitoring
effort g, the level of capital k, and the liquidation value L. A higher ¢ increases
depositors’ expected payoff from waiting until date 2, while a higher k& or a higher
L reduces the bank’s liquidation needs, thus mitigating strategic complementaries.
Thus, banks with little capital face higher run risk, and we assume that at the limit
0" =0 ask— 0"

The role of capital highlighted in Proposition 1 is, to our knowledge, novel, and
raises the question of which type of run may be more relevant in practice. As dis-

cussed in the survey by Goldstein (2012), there is a strong link between crises and

14Letting k — 0 in the expression for * in (6), it can be seen that * approaches its maximum,
i.e., 8 — 6 as L decreases, as this leads to an increase in the strategic complementarity among
depositors’ withdrawal decisions.
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fundamentals, with coordination failures amplifying depositors’ response to funda-
mentals. Our model links this discussion to the level of bank capital. In normal
times, banks tend to be well capitalized on average, and thus we would expect fun-
damental crises to be the most relevant cases. By contrast, in a downturn banks
tend to have more stretched levels of capital, and thus crises may also arise due to
coordination failures among depositors. As we show below, however, for the most
part this distinction does not matter much for understanding the effects of a loan

guarantee on financial stability.

5.2. Bank’s date 0 decisions

Having characterized depositors’ withdrawal decisions, we now solve for banks’
underwriting standards ¢ and the repayment 7,. We use 6% to denote the relevant
run threshold, i.e., % =0 when 1 — k < L and 6% = 0* when 1 — k > L.

Each bank chooses ¢ and ro anticipating depositors’ withdrawal decisions at date

1, thus solving the following problem:

o 1—k !
maXH:a/ qmax{R@(l——),O}d@—l—a/ q[RO— (1 —Fk)rg]db
q,72 0 L oR

2 Cq2
+(1-a) [qR- (=B - T (7
1
subject to
oF I 1 2
a/ min{m,l}d9+a/Rqr2d0+(l—a)/l qrodf > .1 | (8)
0 ~ /N 0 ~ ~ outside option
utility obtained in a run utility obtained if no runs occur
and
> k. (9)

The first three terms in (7) capture the three instances when the bank accrues positive

profits at date 2, while the last term captures the monitoring cost. When a run
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occurs, a bank with 1 — k£ < L does not liquidate its entire portfolio at date 1 and
thus obtains the return R6 on the 1 — % remaining units of assets at date 2 with
probability ¢. When no run occurs, a bank makes positive profits at date 2 as given
by the project return (R for § € (§%,1) and R for § € [1,2]) minus the repayment
(1 — k) ry to depositors.

The condition in (8) represents depositors’ participation constraint and requires
that the expected promised repayment from depositing be no lower than depositors’
outside option. The expected repayment is given by the minimum between the pro-

rata share %k and the promised repayment 1 if there is a run (i.e., when 8 < 6%)

1
and gry if there is no run (i.e., @ > 0%). Finally, the inequality in (9) is simply a

non-negativity constraint on bank expected profits. We have the following result.

Proposition 2. The equilibrium is as follows:

a) When 1 — k < L, each bank chooses q asa solution to

a/eRe (1 _ Lﬁ) d0+a/1 (RO — (1 — k) rs] d6+(1 — a) /2 [R— (1 k)] df—cq = 0,
' ’ 1 (10)

where ro > 1 solves (8) holding with equality;
b) When 1 — k > L, each bank chooses q* as a solution to

a/ [RO — (1 — k) ra] dO+(1 — a)/l [R— (1 —Fk)r d@—aa;q*q [RO* — (1 — k)ra]—cq =0,

* (11)

where ro > 1 solves

1

o
o o —(1—k:)r2]—a/

—Q

(1—k)d9—(1—a)/2(1—k)d920 (12)

*

when = 0, and is the lowest o solving (8) holding with equality when p > 0,
where  1s the Lagrange multiplier on depositors’ participation constraint as defined

in Appendiz A.
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In choosing ¢, a bank trades off the marginal cost cq of an increase in ¢ with its
marginal benefit as captured by the first three terms in either (10) or (11). A higher
q increases the expected profit when there is no run for > 6 for any k and also
the profits when 1 — &k < L in the event of a run for # < 6 in (10). In addition, when
1 —k > L, a higher ¢ reduces depositors the probability of a depositor run as given
by G- < 0in (11).

Proposition 2 shows that the determination of r, also depends on the level of
capital of the bank. Banks with 1 — k£ < L choose the lowest possible repayment 7,
consistent with depositors being willing to provide funds to the bank. By contrast,
banks with 1 — k£ > L also account for the potentially beneficial effect that a higher
ro has on the run threshold 6* since 6* is decreasing in 79, at least for some values
of 5. As a result, a bank may find it optimal to choose a repayment r which leaves

depositors’ participation constraint (8) slack.

6. Public loan guarantee schemes

So far, we have characterized the equilibrium — depositors’ withdrawal decisions
and bank underwriting choices — for a given «, under the assumption that the project
has a positive NPV and banks are willing to lend so that there is no need for (pos-
sibly costly) government intervention. Now we consider the case of a negative shock
through an increase in «, which we interpret as a “crisis” episode leading to a wors-
ening of the distribution of fundamentals # and consequently to a reduction of the
bank’s expected profit.!> It follows that a bank with projects for which its partic-
ipation constraint, (9) holds with equality or close to it, such as would be the case

if the return R is relatively low or the marginal cost of monitoring, cq, is relatively

15This can be easily seen from (7) when keeping ¢ and 7, constant, but it holds also more generally
if the bank optimally chooses g and ro as functions of the state of the economy a. To see this,
consider the opposite (and symmetric) case of a decrease in «. Keeping ¢ and ro constant, (7)
shows that bank’s expected profits must increase. Allowing the bank to reoptimize must therefore
(weakly) increase profits even further.
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high, may no longer find it optimal to grant a loan following a large enough increase
in « since its participation constraint would no longer be satisfied. For many of
these cases, however, it would be socially optimal to continue lending since the social
benefit of the project, which includes the portion that accrues to the borrower, is
greater than the bank’s private benefit. This calls for support measures such as loan
guarantees that offer credit protection against low realization of the fundamentals,
thus effectively providing banks with a subsidy tied to their lending activities.

In this section, we study how the introduction of loan guarantees affect bank
lending through their effects on bank underwriting standards and investors’ behavior.
To this end, we consider that the guarantee is introduced after the shock, as captured
by an increase in «, say from aq to aq, which occurs unexpectedly after the bank has
secured funding, but before the fundamental of the economy 6 is realized. In this
respect, we consider a situation such as the Covid pandemic, where loan guarantees
were extended in the face of an unexpected crisis that is still unfolding. Later, in
Section 8.1, we discuss the case when the introduction of the guarantees may also
affect bank funding costs. Similarly, since borrowers have unit demand for loans, we
assume that there is no pass-through of the guarantees to the loan rate.

We consider a loan guarantee, denoted as a first-loss guarantee, where losses
are first attributed to the government up to a certain limit, and only then to the
credit intermediary.!® In other words, the government guarantees any loss occurring
at date 2 up to an amount Rx, with any remaining losses being borne by the bank.

Formally, the government will transfer an amount R min {z, 1 — 0} to the bank when

6While the specific terms may differ across countries, PGSs take essentially one of two forms:
first-loss or loss-sharing (see, for example, European Commission, 2020, for the two schemes used
in Europe during the pandemic). In the latter, losses are sustained proportionally by the credit
institutions and the state in some pre-determined proportions. We show in Section 6.3 that the
main insights of the analysis carry over to the loss-sharing scheme.
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the borrower is unable to repay the promised amount R, with

1—k
< —. 13
r<— (13)

This assumption ensures that the government transfer alone is not sufficient to fully
shield depositors from losses, thus preserving depositors’ incentives to run. Thus, as
illustrated in Figure 4, the bank now obtains the full repayment R for 6 € [1 — x, 1]
and a greater payoff R(§ +x) < R for 6 € [0,1— z) where the losses are greater than
the guarantee provided.

Insert Figure 4

Within this scheme, we consider two cases concerning the treatment of the loan
guarantee in case the bank is insolvent at date 2. In the first case, denoted as
“full bankruptcy costs,” the amount provided by the government is dissipated in
bankruptcy in the same way as the return of any other asset. In the second case,
denoted as “bankruptcy protected,” the transfer Rz from the government to a bank
is instead protected from bankruptcy costs and can thus be used to repay investors.
The first case captures the idea that the bankruptcy costs primarily originate from
inefficiencies in bankruptcy procedures due to hold-up problems among creditors or
inefficient judicial systems and, as a result, resources are lost if the bank defaults at
date 2. The second case would be consistent with a setting where bankruptcy costs
primarily stem from illiquidity associated with selling assets. The guarantee paid by
the government would likely be in cash or other such liquid assets and less subject to
dissipation. Importantly, assumption (13) implies that the bank can only profit from
the guarantee at date 2 in states of the world when its monitoring decisions have paid
off (i.e., with probability ¢). For both of these cases, we assume that the interest
rate on the loan, R, remains unchanged, implying that there is no pass through of
the guarantee Rx onto loan rates. This is consistent with the assumption of unit

demand for loans by borrowers.
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6.1. First-loss guarantee scheme with full bankruptcy costs
Asin the baseline case, we start by characterizing depositors’ withdrawal decisions
and then move on to the choice of ¢ by banks. We use the subscript x to indicate

the case of the first-loss guarantee of size x with full bankruptcy costs.

Proposition 3. With a first-loss guarantee x and full bankruptcy costs, runs occur
for 6 < 0 < 67 as given by
0% = oF — 2, (14)

where 08 = 0 and 0% = 0 for 1 — k < L, while 0% = 0% and 6% = 0* for 1 — k > L.

The threshold 0F decreases with x: agf =-1<0.

The introduction of loan guarantees reduces the run thresholds for any given level
of bank capital. A higher x increases the range in which the bank is able to make
the promised repayment to depositors at date 2, thus reducing their incentives to
withdraw prematurely. The threshold 8% depends linearly on the amount z because
this accrues to depositors only if the bank’s monitoring is successful and the bank is
solvent.

Anticipating depositors’ withdrawal behavior, each bank solves the following op-

timization problem:

maxa/oegqmax{R(H—I—a:) (1—@) ,O}d@—i—a/e:xq[}%w—i—x)—(1—k:)7“2]d0
(15)

1 2 2
c
~|—a/ q[R—(l—k)rg]d9+(1—oz)/ q[R—(l—kz)rg]dG—%,
1—x 1

where ro is characterized in Proposition 2 since the guarantee scheme is assumed
to be unanticipated, and #% denotes the relevant run threshold, i.e., 0% = §_ when
1 —k < Land 6% =0 when 1 —k > L. The terms in (15) are similar to those in
(7) in the baseline model, with two main differences. First, as indicated in the first

two terms, the bank now obtains a per-unit return R (6 + x) at date 2 instead of RO
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whenever the loan is not fully repaid. Second, as shown in the third term, the bank
is able to obtain the full repayment R in the larger range of values of 0 € [1 — x, 2]
rather than for § € [1,2]. Note that in (15), for ease of notation, we continue to
express bank profits as a function of a generic a;, but recognizing that we have in
mind a case where a negative shock has occurred so that this weight has increased.

Each bank chooses the underwriting effort g, asa solution to

a/oezR(H—i—:v) <1—¥> d0+a/91_$[3(9+x)—(1—k;)r2]d0 (16)

=

+oz/1 [R—(l—k)rg]d9+(1—a)/2[R—(1—k)r2]d9—cq:O

when 1 — & < L, and ¢, when 1 — k > L as a solution to

a/j_x[R(Qer)—(1—k)r2]d9+a/l (R—(1—k)rs] df (17)

*

—|—(1—04)/1 [R—(1—/{)7"2}(19—04%9561[1%(9;—1-3:)—(1—k)r2]—cq:O.

The interpretation of the various terms in (16) and (17) is the same as for the terms
in (10) and (11).

In the following proposition, we characterize the effect that the guarantees have on
banks’ underwriting effort decisions. We use ¢ to denote either q, or qs, depending

on the level of bank capital.

Proposition 4. For any given level of k, the introduction of a first-loss loan guar-

. . s . daff
antee x with full bankruptcy costs increases bank underwriting effort: == > 0.

This proposition highlights that the introduction of the loan guarantee induces
banks to reduce the riskiness of their portfolios through improved underwriting in-
centives for all banks, irrespective of how much capital they have. The mechanism
resembles a ”charter value” (e.g., Keeley, 1990) in that the bank has more to lose

when it fails. In fact, the loan guarantee increases the bank’s expected profits both
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through an increase in the probability of survival until date 2 (i.e., a reduction of
the threshold %) and an increased per-unit return in case of survival. Given this,
the bank has stronger incentives to remain active until the final date, which can be
achieved through a higher underwriting effort.

It is worthwhile noting that the unambiguously positive effect of the loan guaran-
tee on bank underwriting effort obtains for z < %. With full bankruptcy costs, this
condition, which ensures that the guarantee is insufficient to fully cover the promised
repayment to depositors, implies that the bank benefits from the guarantee only when
its project succeeds. If the guarantee was such that x > %, depositors would no
longer impose any discipline on the bank through the threat of a run and the bank
would receive a portion of the loan guarantee even when its project fails, with prob-
ability 1 — ¢. At the margin, this payment to the bank would reduce its monitoring
incentives.

The results in this section help provide guidance on policy initiatives supporting
access to credit through loan guarantees, as discussed in Section 2. To the extent
that many of these policy interventions entail partial guarantees, Propositions 3 and
4 suggest that the concerns regarding possible moral hazard may be overstated,
and provide a channel for financial stability to actually improve as a result. Our
results also highlight the importance of the design of any such policy initiatives,
which should ensure that any benefit a lender receives directly from the guarantee be
primarily obtained when it is sufficiently diligent in monitoring its lending activities
and properly underwriting loans, as is the case studied here for sufficiently small

guarantees.

6.2. Bankruptcy-protected first-loss guarantee scheme

In this section, we consider the possibility that the government’s transfer x is shel-
tered from other frictions which lead to losses that result from bankruptcy. Specifi-
cally, we assume that, in case of default by the bank, depositors receive these amounts

even if any revenues stemming from the bank’s loans are lost in bankruptcy. This
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would be consistent with a setting where bankruptcy costs primarily stem from illig-

uidity associated with selling assets, be they loans or otherwise. The guarantee paid

by the government would likely be in cash or other such liquid assets and less sub-
1—k

ject to dissipation. As before we consider the case where x < =%*. The following

proposition characterizes depositors’ withdrawal decisions.

Proposition 5. With a bankruptcy-protected guarantee x, the run risk is as follows:
a) When 1 —k < L, runs occur for § < 85 =0, < 0 as given by (14);
b) When 1 —k > L, runs occur for 0 < 0:F with 0:F < 0% < 6* as given by the

x

solution to

i (6) n Rz (1 — n(lzk)) n Rx <1 — n@)
T = / qradn +/ q ( dn —|—/ (1—gq) dn,
0 0

a0y (L—n)(1—Fk) (1—n)(1—k)
(18)
where 1 is as in Proposition 1. The run threshold 0*F decreases with q, k, and x:
00 003 00:F
o5 < 0, %= <0, and == < —1.

As for the case with full bankruptcy costs, the introduction of the guarantee
induces a reduction of the run probability. When 1 — k& < L, the run threshold is the

same as for the case of full bankruptcy costs because what depositors obtain when

Rx

the bank is insolvent, T

is always lower than what they obtain when withdrawing.
By contrast, when 1 — k& > L, the loan guarantee is now more effective in reducing
depositors’ incentives to run relative to the case of full bankruptcy costs, so that
0*F < @*. In the presence of strategic complementarities, depositors compare the
expected payoff at date 1 with that from waiting until date 2. Both payoffs depend
on other depositors’ actions. Thus, depositors take into account the possibility that,
depending on the size of n, they may obtain a pro-rata share both at date 1 or date
2, and that the guarantee x increases the payoff they obtain at date 2, as evident in

the last two terms on the RHS in (18). This reinforces their incentives to wait until

date 2.
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As in the baseline case, the run threshold 6% is decreasing in both ¢ and k,
as well as in x. Given that the transfer is not lost in bankruptcy, when the bank

is insolvent depositors expect to receive a pro-rata share of the bank’s available

R:p(lfn(lzk))

e

resources , which is a function of the fraction n of withdrawing depositors.

Importantly, the sensitivity of the run threshold 6% to the transfer = is now higher

relative to the case with full bankruptcy costs and it depends on g, i.e., 8?; <
%i:; = —1. The intuition behind the greater sensitivity lies in the extra effect of the

guarantee in terms of higher payoffs at date 2 whenever the bank is unable to repay
the promised amount.

The bank’s maximization problem for the choice of ¢ is similar to the one char-
acterized in (15), with the only difference being that the relevant run threshold is
either 8 or 6*" instead of %. Each bank chooses underwriting effort gf = ¢_ as the

solution to (16) when 1 — k < L, and ¢*¥ as a solution to

@ fpr [R(O+2) = (L=k)rodf +a [ [R— (1 —k)rs]df + (1 —a) [ [R— (1 —k)rs]db
—a%q [R(6:F +z) —(1—k)rs] —cg=0
(19)
when 1 —k > L.

Proposition 6. The impact of a bankruptcy-remote first-loss guarantee x on bank
monitoring effort is as follows:

a) When 1 — k < L, the introduction of the loan guarantee leads to the same
dqf

positive 1mpact on gf as in Proposition 4, i.e., 3= > 0;

b) When 1 — k > L, there ezists a value of k denoted as Ef < 1— L such that

introducing the loan guarantee reduces bank effort for k < Ef , but increases effort as

k%l—L.‘%<0fork<gf and%>0f0rk—>1—l/.

The proposition shows that the introduction of the loan guarantee increases bank

monitoring effort for banks with a sufficiently high level of capital, while it decreases

27



it for banks with very little capital when they are subject to significant run risk. Asin
the case with full bankruptcy costs, the bank obtains nothing when its monitoring is
unsuccessful (i.e., with probability 1 —¢) since x is assumed to be relatively small, as
defined in (13). However, differently from before, the transfer « accrues to depositors
whenever the bank is insolvent. When 1—k < L, the more favorable treatment of the
guarantee under bankruptcy does not affect depositors’ incentives so that, in turn,
bank monitoring responds in the same way as before. By contrast, when 1 —k > L,
the fact that depositors receive Rz with probability 1 — ¢ introduces a disincentive

to monitor as a result of two effects: first, Rz reduces the sensitivity of the run
*P

x )

threshold 0F to changes in ¢ and, second, by reducing 67, it reduces the losses
associated with an increase in the probability of a run due to low monitoring effort
by the bank. These two effects combined lead highly levered banks (i.e., those with
k < Ef < 1 — L) to exert less effort ¢. In other words, the potential negative
impact of the loan guarantee on bank monitoring derives purely from its effect on
depositor behavior and run risk, and in particular from the reduced sensitivity of the
run threshold 6*F to the bank’s choice of q. For sufficiently poorly capitalized banks

(e, k< Ef ), these negative effects dominate.

6.3. Guarantee scheme with loss-sharing

In this section we analyze a second type of guarantee, which has also been used
during the Covid pandemic and which we denote as ”loss-sharing.” We first show
that the results obtained in Section 6 in the case of first-loss loan guarantees are
qualitatively the same. We then compare the two schemes in terms of their effective-
ness.

Suppose that the government commits to cover a fraction y € (0, 1) of bank losses
R(1-0), so that the bank’s per unit loan return is equal to maz { R, R + R (1 — 0) y}.
We have the following result, which encompasses both the case of full bankruptcy

costs and the one where transfers are bankruptcy-protected.
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Proposition 7. The introduction of a loss-sharing guarantee y leads to the follow-
mg:

a) In the case of full bankruptcy costs:

1. Runs occur for 6 < 95 = {Qy, 9;}, where

QR—y
-y

o) = (20)

and 0% = 0 when 1 — k < L and 0% = 0* when 1 — k > L as characterized in
Proposition 1.
2. For any level of k, the bank’s underwriting effort qf increases in the guaranteed

dqif
amount: n > 0.

b) In the case where the government’s transfers are protected from bankruptcy:
1. Runs occur for 6 < Qf; =0, when 1 —k < L and for 6 < GZP when 1 —k > L,

where 9;13 > ij solves

(1=F)

7y (0) 7 R(1-0)y 1—77,@ n Ry (1—n——F=
= q”d“/w s n><<1 %) )‘“”/o L9 E (1 k>> an.

2. Bank effort q, increases with the introduction of the guarantees when 1—k < L:

d ~
di; > 0. Moreover, there exists a value kf € (0,1 — L) such that q, decreases
: . . ~p dgq’ ~
with the introduction of gquarantees for any k < /{:5: diyy <0 fork < k;.

The scheme where the guarantee requires banks to share any losses on a propor-
tional basis delivers the same qualitative results in terms of financial fragility and
bank underwriting effort as the first-loss scheme: for any level of bank capital, the
guarantee reduces the run threshold relative to the case with no guarantees. Also,
as before, the effect of the loan guarantee on bank monitoring incentives depends
on the treatment of the guarantee in bankruptcy and the level of capital, in that

bank monitoring increases except for very poorly capitalized banks (i.e., with k£ <
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@5 ) if they are exposed to significant run risk when the guarantee is protected from
bankruptcy.

While the two guarantee schemes - first-loss or loss-sharing - deliver qualitatively
similar results, a natural question that arises is whether one of them may be more
effective or cost-efficient. To see this, we compare the two schemes (GS) under the
maintained assumption that the guaranteed amount is lost in bankruptcy and, for
tractability, we restrict attention to well-capitalized banks with 1 — k < L. We
maintain the subscript z when referring to the first-loss guarantee (GS,) and the
subscript y to denote the loss-sharing scheme (GS,).

To compare the two schemes, we consider the case where the sizes x and y of
the guarantees are set, all things equal, to lead to the same run threshold: 6, = 6,.
Equating these two, we specify y as the level of y for which the two guarantee schemes

implement the same probability of a run. Hence, y solves

0 —
d - Q_ x,
l—y
and is equal to
x

>
1 —max {6 — z,0} =

y g
since —rx =0, <1.
For a given size of the transfer z, the guarantee scheme G5, entails a disbursement

for the government equal to

0—x 1 — 1-x 1
GDx:a/ Rx(l—Tk)dG—l—a/ Rxd9+a/ R(1-0)d9 (21)
0 1-x

0—x
2 1—k
:a[Rx—RTx—Rx(Q—x) 7 },
while G'S, entails a disbursement equal to
-2 1—k 1
GDy:a/ R(l—@)y(l—T>d9+Oz/ R(1-0)y (22)
0 O0—zx
| Ry 1—-k Ryl-—k 9
—a| - rye- 0 B 0o |
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Comparing GD, and GD, when y =y, we have the following result.

Proposition 8. For any © > 0, when both schemes are designed to achieve the
same run threshold, the first-loss guarantee scheme entails a larger disbursement for
the government than the loss-sharing scheme, but it induces the bank to choose a

higher q.

The proposition shows that, while the first-loss guarantee scheme provides greater
incentives to the bank through improved bank underwriting standards, it achieves
this at a higher cost. Hence, neither type of scheme unambiguously dominates the
other, suggesting that fine tuning the design of the guarantee scheme may not be as

important as just getting one in place in the event of a crisis.

7. Inefficient liquidation and zombie lending

So far, we have characterized the effect of loan guarantees on bank risk-taking in
terms of monitoring effort. In this section, we analyze another form of risk-taking.
Specifically, we focus on banks’ incentives to engage in “evergreening,” or in other
words inefficient loan continuation, and how these are affected by loan guarantees.
To do so, we modify the model slightly and assume that at date 1 a bank can choose
whether to liquidate its loan portfolio or continue until the final date. Such choice
is made after depositors’ withdrawal decisions and thus does not interfere with how
depositors evaluate their private signals.

To isolate banks’ evergreening incentives, we start by analyzing a bank’s liquida-
tion decision at date 1 in a setting where runs at ¢ = 1 are not possible and there
are no loan guarantees. In this case, each bank compares the expected return of the
loan at date 2 with its liquidation value at date 1, net of depositors’ repayments, and

it chooses to liquidate if 6 falls below the threshold 6% as given by the solution to
L—(1=k)ro=q(RI—(1—-E)ry),
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which is equivalent to

L— (1 —Q)(l — k)ry
qR '

A bank’s liquidation decision may not be socially optimal. To see why, we compare

o7 (23)

it with that of a social planner who finds it optimal to liquidate the portfolio when

0 falls below the threshold 677 as given by the solution to

L =q0R,
and is thus equal to
L
0;r = —. 24
= (24

We have the following result.

Lemma 1. In an economy without runs, banks liquidate too little relative to what

is socially optimal: 08 < 07F. The difference 0:F — 0P measures the extent of
(62" —67)

St < .

evergreening and is decreasing in k:

We now go back to the case where depositors can withdraw at t = 1. This implies
that loans can be liquidated at date 1 for two reasons: either because a run occurs,
or because a bank prefers to liquidate its portfolio prematurely even if no run occurs.
To see when either case is relevant, we compare banks’ liquidation threshold 67 with
the run threshold 6% = {0,6*} as characterized in Section 5, where we abstracted

from the possibility that the bank could make a liquidation decision itself.!”

Lemma 2. The comparison between 08 and 0% depends on the level of bank capital

k. Let ky =1 — % > 1— L. Then, 6’5 <O fork < k. and 9}? > F otherwise.

"Depositors anticipate the bank’s liquidation choice when making their withdrawal decisions.
However, as we show in the proof of Lemma 2, their payoffs are unaffected by the bank’s choice
and thus the run thresholds remain the same as in Section 5.
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For a bank with little capital and exposed to panic runs, we have that 6* > 65,
Hence, the bank’s liquidation decisions are not relevant as depositors’ run decisions
leads to more liquidation than what a bank would prefer. This highlights the disci-
pline role of runs, in a similar spirit as in Eisenbach (2017).

For a bank with more capital and therefore only exposed to fundamental runs,
two cases are possible. When k > k;, we have that §% > § and the bank liquidates
its loan portfolio for 6 € [Q, 6P ], even if no run has occurred. By contrast, when
k < ki, we have instead that 95 < #. In this case, the bank itself liquidates its entire
loan portfolio for 6 € [0,6%], while a run occurs for § € [#2, 6], thus leading to a
partial liquidation as shown in Section 5.

We can now analyze the extent to which evergreening occurs when runs are also
possible. To this end, we compare the thresholds #2 and 0% = {0,0*} of banks’
liquidation decisions and depositors’ run behavior, respectively, with the liquidation

threshold of the planner as given by 67 in (24). We have the following result.

Lemma 3. In an economy with runs, 037 > max {HE,Q} for1—k < L and 0" >

077 > 08 for1 —k > L.

The lemma shows that the early liquidation of the bank’s project in the baseline
economy is always inefficient. Highly capitalized banks with 1—k < L don’t liquidate
enough, thus carrying over until the final date projects that would be optimal to
terminate at ¢ = 1. The extent to which they engage in evergreening is captured
by the difference 677 — max {67,6}. When ¢ > 67, fundamental runs force the
liquidation of banks’ projects when 6 < @, while in the range (8, 02F) banks choose not
to liquidate inefficient projects and evergreening occurs. When @ < 6% evergreening
occurs, instead, in the range [#Z,077). By contrast, for low capital banks with
1 —k > L, there is always excessive liquidation resulting from panic runs, i.e.,

0* > 6?F. Only when 1 — k = L is a bank’s liquidation decision efficient. The result
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is illustrated in Figure 5.

Insert Figure 5

We can now analyze the effect of the introduction of a first-loss guarantee x with
full bankruptcy costs on the incidence of evergreening. We first characterize the bank

liquidation threshold 62 as given by the solution to
L—(1=Fkro=q(RO+2x)—(1—Fk)rg),

and thus
L—(1—-q)(1—Fk)re

qR
Comparing 02 with the run thresholds 6% = {6, 6

B __ __nB

*} in the presence of guarantees,
as given in (14), it is easy to see that the same result as in Lemma 2 applies, i.e.,
0% > 6P for banks with k < ky.

We now compare early liquidation as described by max {Qfx, Gf} to the planner’s
threshold #2F. In doing this, for the moment, we take bank underwriting effort ¢ as

fixed and not affected by the guarantee x.

Proposition 9. The introduction of a first-loss loan guarantee with full bankruptcy
costs has the following effect on evergreening incentives:

a) When 1 —k < L, the difference 677 — max {67,,0,} is larger than in the case
without guarantees;

b) When 1—k > L, there exists a level of capital ky, € [0,1—L) such that 6% > 657
for k <k and 0r < 07F for k > ky.

The proposition, which is illustrated in Figure 5, shows that, holding ¢ fixed,
the presence of the loan guarantee worsens the evergreening problem for any level
of bank capital. For highly capitalized banks, for which 1 — k < L, the guarantee
increases the range of values of the fundamentals 6 for which there is inefficient loan

continuation. Banks exposed to panic runs, those with capital %L <k<1-—L,wil
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now also evergreen loans as the guarantee reduces the panic run threshold to a value
below the threshold for liquidation by the social planner, i.e., 7F — 6% > 0 when
EL < k.

The equilibrium effect of the loan guarantee on banks’ evergreening incentives is,
however, more complicated and may introduce a trade-off for the planner. This is due
to the fact that ¢ also changes with the introduction of the guarantee, thus affecting
the occurrence of evergreening. Since we are interested in how loan guarantees affect
the bank’s overall incentives, to study this we consider the case where the decision
to roll over a loan at date 1 is under the control of the bank rather than being
determined by depositors’ incentives to withdraw early. In other words, we focus
on the region where 2 > .. In this case, the measure of evergreening is given by
077 — 08 and is equal to
1—q(1—=Fk)r

q R

While this difference is increasing in x, it is also decreasing in g. Thus, the negative

g5F — 98 = 242> 0.

effect associated with evergreening is at least partly offset by the positive under-
writing incentive effect of the guarantee. These considerations raise the issue of how
the two countervailing forces should be traded off by a social planner. To address
this, we consider below how the introduction of a loan guarantee affects total output,
which is defined as follows:

0B, -z 1 2 cq?
TO, = a/ Ldf + a/ qROdO + Oz/ qROdO + (1 — a)/ qROdO — o 1.
0 1—x 1

0L,
(25)
We have the following result.

Proposition 10. For small c, the introduction of a loan guarantee x increases total

output: % > 0.

The proposition establishes that, as long as the bank’s cost associated with its

underwriting effort is not too large, total output increases with a loan guarantee, even
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though the bank makes more inefficient continuation decisions at date 1. The reason
is that the positive underwriting incentive dominates the negative evergreening effect.
From the perspective of the recent policy debate surrounding lenders’ evergreening
incentives, our results here suggest that even if at the margin the introduction of a
loan guarantee may increase the extent of evergreening, overall economic output has

the potential to increase as a result of the guarantee schemes put in place.

8. Extensions

In this section we extend the model in two directions. First, we extend the analysis
to allow the date 2 interest rate on deposits, ro, to change when a loan guarantee is
put in place. Second, we study deposit insurance and compare it with the effects of
loan guarantees. In what follows, for brevity we focus on the case of a first-loss loan

guarantee when the transfer x is lost in bankruptcy, as in Section 6.1.

8.1. Deposit interest rates and loan guarantees

Throughout our analysis, we have assumed that the loan guarantee is introduced
as a policy to stimulate lending in response to an unanticipated negative shock which
makes lending riskier and less attractive for banks. As such, we have assumed that it
is put in place after the bank has obtained funding. While we believe this represents
the effect of policy responses to crisis episodes reasonably well, it is also likely true
that downturns of longer duration, or loan guarantee programs that are longer-lived,
may engender changes to deposit rates as banks and depositors recognize the presence
of the guarantees when raising deposits. This case may be reflective of guarantee
programs such as those used in mortgage markets, where government guarantees
have long existed and are a normal part of the tools on which investors rely. Another
case in point are loans provided to small businesses through the Small Business

Administration (SBA) program, which guarantees loans under certain conditions for
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qualified lenders, and has as objective to stimulate lending.'® It is useful, therefore,
to discuss how allowing the deposit interest rate to adjust in the advent of the
introduction of a loan guarantee may affect our results.

To study this issue, we modify the model slightly to allow the bank to change the
date 2 deposit interest rate, ry, after the loan guarantee is introduced. Specifically,
we assume that when deposits are raised at date 0, the existence of any guarantee
is common knowledge. The model is otherwise unchanged. We can now state the

following result.

Proposition 11. For all levels of bank capital k, the introduction of a first-loss loan
guarantee x leads to a decrease in the date 2 deposit rate and thus to an increase of

the bank effort: % <0 and % > 0.

The proposition shows that banks respond to the introduction of the loan guar-
antee x by reducing the deposit interest rate 5. Since this reduction in 75 increases
the profit accrued by the bank when its monitoring effort is successful, this trans-
lates into a higher effort ¢. In other words, given the complementarity in terms of
the effects on bank incentives of the introduction of a loan guarantee and the pricing
of deposit contracts, allowing the long term deposit rate to reflect the introduction
of a loan guarantee further reinforces the improvement in underwriting incentives

established in Section 6.1.

8.2. Deposit insurance

Our analysis has considered so far only guarantees that insure bank loans against
default risk by borrowers. However, bank deposits are typically protected by other
guarantees (i.e., deposit insurance). Such guarantees also contain a stimulative com-

ponent since, in addition to reducing the required interest rate that must be paid

18See www.sba.gov/funding-programs/loans for details on the SBA program, and Brown and
Earle (2017) as well as Bachas, Kim and Yannelis (2020) for studies on the stimulative effects of
the SBA program.
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to depositors Cordella et al. (2018), they also directly increase stability by reducing
depositors’ run risk (see e.g., Allen et al., 2018). In this section, we first show that
deposit insurance differs substantially from loan guarantees in terms of the impact
on bank monitoring incentives. Second, we confirm that the effect of loan guarantees
remains unchanged in the presence of deposit insurance.

Following Allen et al. (2018), we consider a deposit guarantee scheme that ensures
depositors always to receive a minimum repayment o > 0. To keep things simple,

L

we assume 0 < § < 17 so that the deposit insurance is paid only to remaining

depositors at date 2 whenever the bank does not have enough resources to pay them

at least §, thus making it comparable to the analysis with loan guarantees.'®

8.2.1. An economy with only deposit insurance

As in the baseline model, we start by solving depositors’ withdrawal decisions.

Proposition 12. The run risk in the presence of deposit insurance depends on the
level of bank capital, as follows:

a) When 1 — k < L, fundamental runs occur for 0 < 05(k) = 0(k), as given in
(5).

b) When 1 — k > L, panic runs also occur for 0 < 03(q,k,0) < 0*(q,k) as given

by
—k)ry  (qgrao—m)+0(1—q)

R (e =migh) +0 (5 —q)
where m = foﬁdn + fﬁl ~L—dn. The threshold 0% € (0,1) decreases with q and §:

(1-k)n
903 (q,k) 305 (q,k)
~9q —25— < 0.

(4, 0) = (26)

<0 and

The run threshold is as in the baseline framework for banks with 1 — k£ < L, but

is smaller for those with 1 — & > L. The reason is that the transfer ¢ increases what

19The assumption that the guarantee is only paid at date 2 when depositors do not run is without
loss of generality. As shown in Allen et al. (2018), the run threshold decreases in the guaranteed
amount § even when this is paid in the event of a run.
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depositors expect to receive at date 2 only for the latter case, thus reducing their
incentives to withdraw prematurely in the presence of panic runs. This contrasts
with the result obtained in the presence of loan guarantees, where the run threshold
is reduced also for well capitalized banks.

Given depositors’ withdrawal decisions, we now analyze how deposit insurance
affects bank underwriting standards. Similarly to above, denoting as 0F = {05,065}

the relevant run threshold, each bank chooses ¢ to maximize

aq/oegmaX{O,RH (u%)}dﬂaq/; [RH—(1—k)r2]d6—|—(1—a)q/lz[R—(l—k)er]

R

5 27)
The interpretation of the terms in the expression for bank profits is as in the baseline
framework. Importantly, and differently from the case of loan guarantees, the pres-
ence of deposit insurance does not directly increase the payoff that the bank obtains
at date 2. However, banks benefit indirectly since it reduces their exposure to runs.

We have the following result.

Proposition 13. The introduction of a deposit guarantee scheme has no impact on

das _

bank monitoring effort when 1 —k < L, while it reduces it when 1 —k > L: —¢

whenl—k:SLand%<0wh6nl—k>L.

As the proposition shows, highly capitalized banks with 1—k < L are not affected
by the introduction of the deposit insurance since the run threshold 65 does not
depend on 9. By contrast, poorly capitalized banks with 1 — k > L reduce their
monitoring effort. For these banks, the introduction of deposit insurance reduces
both depositors’ incentives to run and the sensitivity of the run threshold to changes
in the monitoring effort, with the latter effect dominating and leading to a reduced
monitoring effort.

Overall, the result in Proposition 13 highlights the difference between deposit

insurance and loan guarantees. In line with the idea that insurance mechanisms
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induce moral hazard considerations, the former never improves bank underwriting
incentives. By contrast, the latter improve bank monitoring incentives, except for

the most poorly capitalized banks when the transfer is protected from bankruptcy.

8.2.2. An economy with deposit insurance and loan guarantee

We now analyze the introduction of loan guarantees when bank deposits are
insured. As before, we consider that depositors always obtain at least o when the
bank is unable to make the promised repayment.

We have the following result concerning depositors’ withdrawal decisions.

Proposition 14. The run risk in the presence of deposit insurance and first-loss

loan guarantee depends on the level of bank capital as follows:

a) When 1 — k < L, fundamental-driven runs occur for 6 < 0s.(k) = 0., as
characterized in Section 6.1.
b) When 1 — k > L, panic runs also occur for 6 < 65.(q,6) < 0%, with

where 05 is as in Proposition 12. The threshold 0}, € (85,,1 — x) decreases with q,

3(@) _ (g %) g 2%(@9)

dq oxr ol <0.

<0 an

x, and §:

We can now study the impact of the loan guarantees on bank monitoring effort

Proposition 15. In the presence of deposit insurance, the introduction of a first-
loss loan guarantee with full bankruptcy costs always leads to an increase in bank

d
I52 ~ 0 and

Y5y dqs,
dx

2= > 0.

monitoring effort:

As shown in the proposition, the presence of deposit insurance does not alter the
effect that the loan guarantees has on bank underwriting incentives, which remains

beneficial for all banks irrespective of their level of capital.
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9. Conclusions

In this paper, we present a model in which banks raise demandable deposits and
grant long-term loans. A bank’s expected return depends on the economy’s funda-
mentals as well as on the bank’s underwriting efforts. Our focus is on analyzing how
the introduction of loan guarantees affects bank incentives and financial fragility.
We show that, contrary to common wisdom, loan guarantees improve bank moni-
toring incentives except for the most poorly capitalized banks when the guaranteed
amounts accrue to depositors even in the case when the bank’s monitoring is un-
successful. We also show, however, that the introduction of loan guarantees worsen
banks’ incentives to continue inefficient projects.

The issues studied here are germane to the policy debate concerning the use of
public guarantee schemes to support bank lending during a crisis, or to enhance access
to credit to particular sectors of the economy. Our results suggest that the perceived
wisdom surrounding guarantee programs, such as those designed to protect retail
depositors, may not translate to other types of guarantee schemes and, in particular,
to loan guarantees. We therefore provide a novel lens through which loan guarantee
schemes may be viewed, and policy initiatives evaluated.

We focus the analysis on the impact of loan guarantees when lenders’ liability
structures make them susceptible to runs, as is the case for banks. As discussed in
Section 2, however, in some jurisdictions, such as the US, loan guarantees are also
provided to non-bank lenders. We believe that our results concerning the effect of
loan guarantees on a lender’s effort should still be valid in this context as long as
underwriting/monitoring is an important part of what these lenders do. Addition-
ally, to the extent that nonbank institutions may be susceptible to some degree of
rollover risk, the feedback effect between the lender’s liabilities and their underwrit-
ing decisions should continue to hold as well.

In our setting, banks maximize their expected profits to remunerate their in-
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side capital. This allows us to study the role of capital for banks, and how that
impacts both banks’ effort decisions and depositors’ run choices, an issue that for
the most part has been absent in the financial fragility literature (e.g., Diamond
and Dybvig, 1983, and subsequent literature). In doing so, however, we take banks’
capital structures as given. An interesting avenue for future research would be to
endogenize bank capital structure and analyze how this interacts with bank lending
standards and the threat of runs, as well as with loan guarantees. Carletti et al.
(2022) move in this direction and study the feedback effects between banks’ capital
structure decisions and their choices concerning lending standards in a framework

where depositors’ withdrawal decisions are also endogenous.
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10. Appendix A

Proof of Proposition 1: The proof makes use of the technical approach developed
in Goldstein and Pauzner (2005) since, like theirs, our model also exhibits the prop-
erty of one-sided strategic complementarity, i.e., a depositor ’s incentive to run does
not monotonically increases with the proportion of depositors running.

We proceed in steps. First, we pin down the threshold € (k), which corresponds
to the upper bound of the lower dominance region, as characterized in the main
text. Second, we characterize the threshold 6* (¢, k, L,r5), which summarizes de-
positors’ withdrawal decision in the intermediate range of fundamentals, i.e., when
0 € [0 (k),0). Third, we show that for any 1 — k < L, the relevant run threshold is
0 (k), while it is 6* (¢, k, L,r9) > 0 (k) for any 1 —k > L. We conclude the proof with

the comparative statics for the two run thresholds with respect to ¢, L, and k.
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Solving (2) with respect to 6, we obtain the threshold (k) as given in (5) in
the proposition. Given the definition of the lower dominance region, when 6 <
0(k), depositors always find it optimal to withdraw irrespective of what others do.
Symmetrically, given the definition of the upper dominance region, depositors find it
optimal to wait until date 2 when 6 > 6. Given that ) <1—2andf = é\, as shown
in the characterization of the upper dominance region, the relevant range of 6 from
the perspective of depositors choosing whether to withdraw is [0, 1 — 2¢). It follows
that the discontinuity in the distribution of # does not play a role for depositors’
decisions.

For 6 € [0(k),0), a depositor’s withdrawal decision depends on what other de-
positors do when 1 — k£ > L. The arguments in the proof of Theorem 1 in Goldstein
and Pauzner (2005) establish that there is a unique equilibrium in which depositors
run if and only if the signal they receive is below a common signal s*. A depositor
who receives the signal s* is exactly indifferent between withdrawing at dates 1 and
2.

To characterize the threshold signal s*, we start by assuming that all depositors
behave according to the threshold strategy s’. Then, the fraction of depositors with-
drawing at date 1, n (0, s'), is equal to the probability of receiving a signal below s

and can be specified as follows:

1 ifo<s —¢
n(0,s) = 3/_2# ifs—e<f<s+e .
0 if>s +e

Depositors’ withdrawal decisions are characterized by the pair {s*, 8*}, which corre-

sponds to the solution to the following system of equations:

Ro* (1 _ o, 52(1 - k)> (=m0, 5") (1= K)rs =0, (29)

and
L

Al n(8,57) = araPr(6 > 07 7) =1 Pr (6 > bul ")~ 5755

Pr(6 <6,|s") =0,
(30)
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where 0, = s* +¢ — 25% represents the level of 6 for which the bank liquidates the

entire portfolio at date 1 and, thus, is equal to the solution to
n(fp,s)(1—k)=L.

Condition (29) identifies the level of fundamental, 6%, at which the bank is at
the brink of insolvency at date 2 when n (6*,s*) > 0 depositors run, for given s*.
Condition (30) is an indifference condition for a depositor that receives a signal
exactly equal to the threshold signal s*: the first term represents his expected utility
from withdrawing at date 2, while the second and third terms represent the expected
utility from withdrawing at date 1. This condition pins down s* given #* (s*) from
(29), so that together the two equations characterize the equilibrium withdrawal
decisions {s*,0*}. In other words, the equilibrium threshold signal s* corresponds to
the signal at which the expression (30) is equal to zero, i.e., A (s*,n(0,s*)) = 0.

The function A (s;,n(0,s")) representing a depositor’ utility differential for any
signal s; when all other depositors behave accordingly to the threshold strategy s’
exhibits the same properties as the corresponding function in Goldstein and Pauzner
(2005); thus, the arguments in their proof can be applied to show that our model has
a unique threshold equilibrium. First, A (s;,n (.)) is continuous in s;, negative when
s’ < §(k) — ¢ and positive when s' > 6 + ¢ because of the definition of the lower and

upper dominance regions. To see this, we can rearrange the LHS in (29) as follows:
1—k
( ) — (1 — ]{7) 7”2) 3

so that it is easy to see that the expression in (29) is always negative when 6 falls in

RO —(1—Fk)ra—n(0,s") (RH

the lower dominance region and positive when it is in the upper dominance region.
Since Pr (6 > 6*|s') is then 0 and 1 in these two extreme regions of fundamental,
this also implies that a depositor’s expected utility differential between withdrawing
at dates 2 and 1 is also negative when s’ < 6 (k) — ¢ and positive when s’ > 0 + ¢.
Second, A (s;,n(.)) is non-decreasing when both the individual signal s; and the

threshold strategy s shift upward. Formally, take h > 0, A(s; + h,n (0 + h,s")) is
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non-decreasing in h and strictly increasing when there is a positive probability that
n < 7 in the range [s' — ¢,5 +¢] and s’ < 6 + . This is because an increase in h
leads to a shift of equal magnitude in s’ and s;, which leaves n (.) unaffected, while
it is associated with a better 6. To see this, differentiating (29) with respect to 6

keeping n constant, we obtain

R<1— "(9’5*)(1_k)) > 0.

L

Hence, it follows that, in the presence of an equal positive shift in the individual signal
and threshold signal, Pr (6 > 6*| s’) strictly increases and so does the expected utility
differential.

All these properties imply that there is a unique s* satisfying A (s*,n (0, s*)) =0
and also that A (s;,n(0,s*)) < 0if s; < s* and A(s;,n(0,s%)) > 0if s; > s*. To
obtain the expression for 6* (¢, k, L,73) as in the proposition, we perform a change of
variable by defining 0* (n) = s* + (1 — 2n). At the limit when ¢ — 0, 6* (n) — s*

and we denote the run threshold as 0* (¢, k, L, 13) , which corresponds to the solution

ﬁ(@) Iy 1 L
dn— [ dn— | —% _in— 1
/o qradn /0 n /n A= hn n =0, (31)

where 1 (6*) solves (4) and 7 solves

to

(1—k)n=L.

The expression in (6) is obtained by rearranging the terms, using 6 =

= [t | 1 T (32)

Now, we move on to show that the relevant run threshold is 6 (k) when 1 —k < L
and 0* (¢, k, L,r9) when 1 —k > L. Consider first the case in which 1 —%& < L. When
1—k=1L,m =1 and (29) simplifies to

denoting

(1 —=n (07, s) [RO — (1 = k)rs],
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which is positive for § > 0 (k) and negative for § < 0 (k) for any n (0*, s*) < 1. Then,
from (30), it follows that running is optimal when 6 < @ (k), irrespective of n (.).
Hence, the relevant run threshold is 8 (k) when 1 — k = L. Since 0 (k) is decreasing
in 1 —k, condition (29) becomes less binding for any n when 1 — k falls below L. This
implies that 6 (k) is still the relevant run threshold when 1 — k < L.

Consider now the case where 1 — k > L. Differentiating (29) with respect to 6,
we obtain

p(1- 20RO 20 [0 ],

for any 6 > 0 (k) when 1—k > L and 22 98 9n0.57) < 0. 1t follows that 6* (q, k, L,r5) > 0 (k)

when 1 —k > L.

80(k) 60*([17]6:[/)7"2) 00" (q,k,L,Tg)

To complete the proof, we compute =5, as well as 5 , i , and
W. Differentiating (5) with respect to k, we obtain a%—(kk) = —% < 0. Using

(6), we compute the effect of ¢, L, and k on 6* (¢, k, L, rs) as follows:

00* (q,k, L, rs) [ (1—k)
= 5 72| qr2 — 71 —7’2((]7“2—7T1)
dq (1—k) L
qro — Mi—F5—

_ Orom {(1—]@)_1 <0,
< _ . (=k) L
qro ™ —F— 7 >
0% (q,k,L,ry) 6 omy (1—k) (1—F) [Om
oL - ((m o (1Lk>>2 op \92 M ) Tlanmm) = o
and
00* (q,k, L, rs) 1 {8Q om 0" [om
= —(qgra—m) -0+ — |- (1—k)—m| ¢ <0,
Ok (m —m“}“) ok ok L | 0k
with 22 = [1tedn > 0, 22 =[] gmndn > 0, and G — 5 = —1 [Mdn

Hence, the proposmon follows. [
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Proof of Proposition 2: Using backward induction, we first compute the optimal
g and then solve for ro. Concerning the choice of ¢, (10) and (11) are obtained by
differentiating (7) with respect to ¢, setting 6% = 0 when 1 — k < L and 6% = ¢*
when 1 — k& > L, respectively.

We now move to the choice of ry. Consider first the case when 1 — & < L when
the relevant run threshold is §. Since 88_7% > (0 and a higher ry reduces bank’s profits
when no runs occur, it is optimal for the bank to choose the lowest possible 75, which
corresponds to the solution of (8) holding with equality.

Consider now the case when 1 — k& > L. In this case, the above argument does
not apply since g—f; < 0 may hold. The derivative g—?_; is obtaining differentiating (6)
with respect to r9 and it is given by

90 1 qro-—m  m gm[FE-1]

whose sign is potentially ambiguous. It is easy to see from (7) that II is strictly

decreasing in 7y when 22 > 0. Hence, assuming it is consistent with (8) to hold,

oro
banks will always be better off choosing ry in the range where g—f; < 0 that is, in
other words, g—f; < 0 in equilibrium.

We write the Lagrangian for the bank’s problem as

o* L 1 2
L= H|qq*—,u{1—a/ —d9—a/ qrgde—(l—a)/ qrgdH},
o 1—Fk o+ 1

where II is given in (7). The Kuhn-Tucker conditions are

—ozaTQ (RO —(1—k:)r2]—oz/*q (1—/€)d6’—(1—a)/1 q (1_k>d9+8_qdr2+a'u/9*qd9
(33)
2 06 06*dg*] | . L
+(1—a)u/1 qd‘g—aﬂ{am‘l’ dq er {q z—m] =0,

0* L 1 2
,u{l—oz/ —d9—a/ qr2d9—(1—a)/ qr2d9} =0,
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>0,

The derivative % is obtained using the implicit function theorem.
When =0, 1 — afge* Zedf — Otfel* qradf — (1 — ) ff qrodf > 0, i.e., (8) is not

binding and ry solves (12) in the proposition. Since 1 — k > L and ¢* < 1, ro must
be greater than 1 for (8) to be satisfied. When p > 0, bank profit decreases with

and therefore the bank will choose the lowest level of r5 that solves

0* L 1 2
1—a/ —d@—a/ qmdﬁ—(l—a)/ qradf = 0.
0 ]._k * 1

The solution is again greater than 1 in order for (8) to hold. The Lagrange multiplier
i is then pinned down by (33) and is equal to

oBZ [RO* — (1 —k)ra] + o [y (1 —k)dO+ (1 —a) [ (1 — k) df

o Jp a0+ (1= ) [ adt [+ 532 [ora = o]

Hence, the proposition follows. []

*
x?

Proof of Proposition 3: To characterize the run thresholds 8, and 6, we follow
the same steps as in the proof of Proposition 1. We start characterizing the range
of fundamentals in which running is a dominant strategy. The threshold 6, is the
solution to

RO+xz)—(1—Fk)rys =0,

and is equal to
(]_ — k’) T9

by =—5F ——2= 0—x.
For any 6 < 6, a depositor expects to receive 0 at date 2 and 1 at date 1 even if no
depositors run, thus, it is always optimal to run in this range. The characterization
of the upper dominance region is as in Section 4: Depositors finds it optimal to wait
until date 2 when 6 > 6, with 6 — 1.
The key difference relative to the proof of Proposition 1 is that now for § €

[1 — 2,0), the return accrued to the bank at date 2 is R rather than Rf, which
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matters for the properties of the expected utility differential in the characterization
of the run threshold 7 in the case 1 — k& > L.
Depositors’ withdrawal decisions are fully characterized by the pair {s%, 0%} as

given by the solution to the following system of equations.

RO* (1 _n (9;’332(1 - k)) (=m0 s7) (1= k)rs =0, (34)

and
L
(1—-Fk)n(6,s:)

'YX

Ay (si,n () =qraPr(0 >0 s:)—1Pr (0> 6,|s;)—
(35)
The meaning of the two equations is the same as in the proof of Proposition 1, with
(34) pinning down the bank failure threshold 6% and (35) identifying the threshold
signal s at which a depositor’s expected utility differential between withdrawing at
date 2 and date 1, A, (s;,n(.)), is exactly zero. The function A, (s;,n (.)) satisfies
the same properties as the corresponding function in the proof of Proposition 1. The
only difference is that when a depositor receives a signal such that he expects 6 to be
in the range [1 — z,0), his expected utility differential is non-decreasing rather than
strictly increasing in the signal s; for any n. This results from the fact that in that
range, due to the guarantee, the bank accrues R from the loan. Yet, considering a
generic threshold signal §', the function is negative when s’ < 6 (k) — ¢, positive when
s’ > 0 + ¢ and strictly increasing in the threshold signal s’ when there is a positive
probability that n <7 and s’ <1 —x —e. Since A, (s;,n(.)) is constant in s" when
1 —x—¢e <5 < +e, strictly positive when s > 6 + ¢ and continuous, it follows
that it crosses zero for &' <1 —x —¢, ie., st <1— 2 — ¢ so that s} is unique.
Following the same steps as in the proof of Proposition 1, considering the limit

case € — (0, we can specify depositor’s indifference condition as

1z (0)
/ qrodf = mq, (36)
0
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where 7 is given in (32) and 7, (6) > n (#) corresponds to the solution to

R(6+z) (1-@(9) (121“)) — (1=, (0) (1 —Fk)rs=0.

After a few manipulations, we obtain 8} = 6* —z. It follows immediately that 8 < 6*
for any x > 0, and %i; = —1 < 0. Condition (14) in the proposition is thus obtained
simply combining together the case when 1 — k& < L and when 1 — & > L.

Using the same argument as in the proof of Proposition 1, we have that 6 > 6,
and 6, is the run threshold when 1 — & < L. It is easy to see that % =—1<0and

% = —2 < 0. This completes the proof. [J

Proof of Proposition 4: To compute the effect of z on ¢ = { q. q;}, we consider
separately the case when 1 — k < L and when 1 — k£ > L. We start from the former.

Differentiating (16) with respect to x we obtain

—04%% [R(Q$+x)—(1—kz)r2—R(Q$—|—a:) (1—(1_’“))1 (37)

L
Qz 1_ 1—x
—|—a/ R(l—ﬂ>d0+a/ Rdo
0 L [

&

:a[R(Qﬁx) (121@ —(1—k:)r2] +a/09wR(1— (1zk))d9+oz/01_de9,

=T

dgq

since %Q; = —1. For banks with %k such that 1 — %k = L, == > 0 since the expression

above simplifies to « f;ﬁ Rdf > 0. The same applies to banks with k£ = 1 since (37)

simplifies to

0yl =1 1z
+a/ ’ Rd9+a/ RdO > 0.
0

Qz‘k:l

For values of k € (1 — L, 1), the expression in (37) can be rearranged as

+a{R{x@+1—x1—(1—km}. (38)

The expression above is linear in k. Hence, since (37) is linear, positive at k = 1 and

k =1— L, it follows that it must also be positive for any k € (1 — L, 1).
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Consider now the case in which 1 —k > L. Differentiating (17) with respect to z,

we obtain
89* 11—z 2 )%
_aaxq[R(Hx—l—x)—(1—k)r2]—|—oz/6; R — a2 q [R(0; +0) = (1= k)

00: 00: 00:

aqqﬁx a@q

qR.

. a0* 520> 920*
Since 5= = —1 and 7% = =&

5 a0s = ouon — 0, the expression above simplifies to

1-z
aq[R(Q;qu)—(l—k)Tg]—l—a/ Rdf > 0,
0

*
T

and the proposition follows. [

Proof of Proposition 5: When 1 — k£ < L, the relevant run threshold is Qf , which

corresponds to the solution to
RO+z)—(1—k)ry =0,

since when 6 falls below Qf depositors expect to receive

Rz

Rx
1—¢g——<1

1—-k

q

and so prefer to run. Hence, Qf =0, holds.

When 1 — k > L, the relevant run threshold is 6*”. Following the same steps as
in in the proof of Proposition 3, the threshold 67 is pinned down by a depositor’s
indifference condition, which corresponds to expression (18) in the proposition.

To complete the proof, we need to compute the effect of ¢,k and z on 0:F. We
do this by using the implicit function theorem. Denote as f(x,q,k,0) = 0 the

indifference condition in (18). Thus,

de*P %) dQ*P i() de*P of()

(
q T 0Ok z oz
dq o10)"  dk 910" dx oI()
90 90 90
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The denominator

of () O, (627) R (1-7, (0;7) 452

— — — >0,

0 0 |7 T1—n, (0P (1—k)
oy R(0Ptz)—(1—k)rs oL (037)  R-Rm,(0xP)UF2 R(1-m.(037)UFR)
since i, (6;") = R(O:P+2) 125 _(1—k)r and s 9 T RO:P+a) T —(1-k)ry T RO:P+2) I —(1-k)r

0. Hence, the signs of the effect of ¢,k and = on 67 are given by the opposite sign

of the respective numerators. We have the following:

e (037) m R (1 —nlh) 7 Ra(1-nlH
(9f_(.)_/ T'an—/ ( L )dn—i-/ < = >aln>0,
0 0 fie (02P)

9 (1—n)(1—Fk) (1—n)(1— k)
af () on, (6:) Rx (1 — 7, (6%) (1;’“) - Re
] e = R = R o et

" Rx 1 L
/0 (1= (1—n)(1—- k)an_/n a_na™

The expression for glg') can be rearranged as

ok ok

n —

W ok T (1-n, (7)) (1— k)
(39)

9/ () _ 0 (") / L, o) (-7 (6:7) 452)
w (1-

n Rx n Rx
+ / q dn + / 1—gq dn,
o o S P T Ay
07 (057)  R(0°F+2) U2 —(1-k)ra

Ok R(1-m.(037)UH) > 0.
To establish the sign of (39), first notice that the first two terms sum up to a

where

positive. This follows directly from the proof of Proposition 3, where we have shown

that 07 is decreasing in k. The derivative %i,f can be computed using the implicit

function theorem from (36) as follows:

Ong (0* 1
o " ( ) qry — fn 1k> dn<0
ok 8"3(99*)(]7“2
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31%( ")

Given that >0 1mphes that 2 qr — f (1 k Toz-dn > 0. Since 0; > oxr

’8k

and 8n3k L increasing in 6}, it follows that when 2 )q o — fl

3%(932 ) B fl

qra

8k

a _k)Qndn > 0, also

—dn > 0 holds. Hence, the sum of the first two terms in (39)

is positive. A sufﬁment condition for 2 () > 0 and so for 227 < 0 is that

on, (627) R <1 — 1 (6;7) lLk)> " Rx

— < dn,
ok T U= 0PN —F) " Jaen A—n)1—kE

that is

dn| < 0.

qRz on, (Q;P) (1 — Ny (();P) (1zk)> 1 /n
ko)

1
L(1—k) ok  (1—n, () (1—k) 1-— (1—n)

Substituting the expression for %, we can express the sufficient condition simply

R (6*P -k 1—k n
(0:F +2) L2 —( )Tg_/ R B
) A(G*p)(l—n)

as:
1

1—-k

R (1 =7, (6;7)

The inequality above holds because the integral fA dn is increasing in n

R(0°P+a) U8 — (1—k)ry
R

9*P (1

< 1.

and is greater than #W*P) and

Consider now the effect of z on 6. We have the following:
af() _ 0na(037) Ra(1-n170) R(l—n“*’”)
g — oz 4|T2 T aomaem | T fnz §:P) (1—n)(1£k) dn

n R(1—n(=k)
T - g M an > o,

and so the proposition follows. [J

Proof of Proposition 6: As usual, we consider separately the case when 1 —k < L
and 1 — k > L. We start from the former. When 1 — k < L, the first order condition
with respect to ¢ is given by (57), which implies that the sign of % is equal to the
sign of the expression in (37). As shown in the proof of Proposition 4, this is always

positive.
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Consider now the case when 1 — k > L. The first order condition with respect to
q is given in (19). As ¢* is an interior solution, using the implicit function theorem,
the sign of % is equal to the sign of the derivative of (19) with respect to z.
Differentiating (19) with respect to x, we obtain

09*P P 00xr 90:F
a— [R(6:" +2)— (1—Fk)r] —a 2 %qR (40)
1—x 829*P P ae*P
_ xX * _ 1 _ _ X
+ /G;P Rdf — « oz [R(6;" +z) —(1—Fk)rs] —a 90 qR,
which can be further rearranged as follows:
ae*P 829*P ae*P ae*P 1-z ae*P
— - o= —(1—k — do—
{ax  Pqoz }[R(m o) = (L= k)] —a—pr =g -ali+a /ggp fdb—a=5 ~q
(41)

To establish the sign of the expression above, we need to compute = 82 . Recall that

qRR.

ﬁ R(lfn(lfk)) n R(lfn(l_k )
00x" L 4 Ji o) T dn B Jo 1= a) [yt dn <0
ox g (03P Rz(l—ﬁz(G;P)@) g (02F) Rx(l—nz(G;P)w) ’
a0 |27 TG R0k o0 |27 TG R0k
(42)
and
Rx(1— n( n Rx 1-n =k
06*r B 1fo 7"2d”+fA +(65P) (1< 6 )d” 0 (1(_n)(1_Lk))d” <0, (43)
dq q 07 (637) Rx( - zw;f’)“—ﬁ) '
B L (e N ) [ § )
Since 8;?%5 = %2;5;, we can differentiate (43) with respect to x. Before doing this, in

Raz(l—

fa (037) 272)

. . on (037
order to keep the notation compact, denote as ¢ the denominator % [rz —
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00 ox ox Oz (037)

2% P i R(1—-ni=h =~ (pxP «P =~ (P
%0 1 / ( 2 )dn+ (87%(@ ) 96" +8nx(9x )) d
Nz ( 00

_ —k
+11/nR<1—n“L))d 1100700 00" 11007 [00 06,7 0%
q® Jo 1—n)(1—k) " q® 0q 00 Ox q® Oq |00 Ox ox
P —k
T4 ), A=m -k " 0r ¢ q0 dg |90 0r oz

_ . 2 _ ~
with anz(e*P) _ onu(0) pe _ ORE(0:7) {m B Rx(l—ﬁz(O;P)uLk)):| +<8nm(0;’°)> Re(12E-1)2-7) gp _

oz 80 062 (1=, (0:P))(1—k) a0 (1-7z)2(1—k) 0z
on () ROl | () () o) o
90 90 17 (0P (1K) 207 T T 000r | RO:F1a) D (1 Ry <0.
9xP ne(0:7) R(1 n =k m R(1 n<1 k)
Rearrangmg =—-1+ % o (") de — (11;) 0 de we can
20x P
rewrite the expression for % as follows:
zdg
e 11 /A (") R (1 —ank))d 11 /ﬁz@ip) R (1 - ”(1Lk)>d
—= = n——— n
0xdq q® (I1—n)(1—k) q® J, (1—n)(1—k)

e TR(-nSE) aienr ovon” oo
20 (1—-n)(1—k) " q® 0q \ 00 Oxr = Ox

1 11/"3(1—"¥>d _log” (0200”0
q s -na-k" 30 \90 0r "oz

Hence, the expression in (41) can be written as

 faup 1-k
1 /nz(é’x ) R (1 —n—( 7 )> B lag;P 8_@8(9;P N (9_@
P Jo

B Q-n(1-k " @ og \90 oz 3x) (RO o) = (1= k)
(44)

(1=k)

1-z «P A (0:7) R|1—n 7 R 1—n(1 k)
+a/ Rt — 02041 l/ ( = >dn 11 ( >dn
ger dq o/, 1-n)(1—Fk) @)y A—n)1—k)
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First, given that 7 > n, (Q;P ) and ¢ < 1, one can see that

(1-k)
L

(1—n)(1—k‘)dn<0’

1/ﬁw(9;P)R<1—n(lzk)>d _11/71]%(
0 0

o Q-n1—k " qo

which implies that the last term in (44) is negative since 62{;

Consider now the terms in the first bracket and denote it as A. We want to show

that A > 0 that is

_1+_/ %) —ntg ))d 1 00:° 8_@80;P+a_q) >0
- l—n( T % g \90 9r | ox

. _ o anz(G;P) R(l*ﬁz (93213)@)
Using oz — o0 20 (1%1(0;”))(15’?)

, We can rewrite

0000," 0% _ 0% (o8 0n. () B (17 (0:7) 42)

90 0r Tor o0\ or T 08 (U—m@P)(i-k |
so that
. 1 /ﬁz@;f’) R (1 — n(lzk)> . 1 00:F 0% [ 96:F o on, (Q;P) R (1 — Ny (9;1’) (lzk)>
Y A A-n1—k " @ ag 00\ oz 90 (1L—n, (0:P)) (1—k)

on _ 0n2(6:7) aaw 20 ae*P 0nx (037) R(1-7a (0:7) O57)
When x — O, 8 — oz T2 < 0and 9 00 +1-— 90 (1—%1(9;@1’))(1516) <

0 since ag < —1.

Furthermore, the first two terms in A simplify to

_ —k fia(0) RO (1—n 1K) «P(1—k
' /mw) R (1 _n%)d S0 B ) gy (RO — (1= k)
0

S = -1>0
+(I) )

A-n)(1—k) """ mur(imoiD) o
E=RONEY

5 (0) RG;P(l—n@ (
. Y — e dn RoxP U= k) 1—k) | RO*P .
since = 0D = > 1 and 22— — (1—k) = T8 | B% 11 > 1 given
Ro;P(kﬁz(e)T T2 L o
(1-nz(0))(1—Fk)

that 1 — k > L and RO’ > (1 — k)ry. Tt follows that A > 0 and overall that the

first and last terms in (44) are negative, while the second one is positive.
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When z — 0, 827 — 6*. Given that 6* — @, which is arbitrarily close to 1,
as k — 0, it follows that the expression in (44) becomes negative as k — 0 since
0*F — 1. By continuity, it continues to be negative also for k small but strictly larger
than 0. Similarly, given that when 1 — k = L the entire expression is positive. It
follows that in the range k € (0,1 — L), there exists a cutoff /k\f, such that % <0

for k < 7{:\5 and % > ( for £k > /k?f . Hence, the proposition follows. [

Proof of Proposition 7: The proof proceeds in steps: First, we characterize
depositors’ withdrawal behavior. Then, we solve for the optimal ¢ and characterize
the effect of the introduction of the guarantees on the bank’s monitoring choice. In
doing so, we distinguish between the case in which the guaranteed amount is lost in
bankruptcy and when it is protected from bankruptcy. We start with the former.
The characterization of depositors’ withdrawal decision follows the same steps as
in the proof of Propositions 3 and 5. Running is a dominant strategy when 6 < 6,,

which corresponds to the solution to
RO+ (1—-0)y]— (1 —Fk)rys =0,

which gives
0y

1—y’

corresponding to the run threshold when there are no guarantees,

)

(1—k)ro
R

with 6 =
as given in (5).
When 1 — k£ > L, banks are exposed to panic runs. Following the same steps as

in the previous sections, the condition pinning down 6 is

7y (6)
/ qTan = T,
0

where 7 is given in (32) and 7, (6) solves

RO+ (1—106)y] (1—@) —(1-n)(1—k)ry=0.
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Tg—RG—k:Tg—Ry—l-Ry@
(k—1) (RO — Lra+ Ry — Ryb)

After a few manipulations, we obtain the expression in the proposition,

A, (0) = L

0" —y

0 =
1—y’

Y

where 6* corresponds to the run threshold when there are no guarantees, as given in
(6). As shown in the proof of Proposition 1, 8, and ; are the relevant run thresholds
for banks with high capital (i.e., 1 —k < L) and low capital (1 —k > L), respectively.

We now move on to the choice of g. When 1—k < L, the bank solves the following

problem:

maxaq [ R+ (- 0) (1— “;’“))de+aq/;[me+<1—e>y]—<1—k>rz1d6
cq?

+(1_a)q/12[3—(1—@7«2]619—7,

while when 1 — k£ > L, the objective function is

2

m;xxaq/@ [R[9+(1—G)y]—(l—k)rg]d9+(1—a)q/l [R—(l—k)m]de—%.

Y
The first order condition for ¢ is

0

a/OyR[9+(1—9)y] (1_@) d9—|—oz/9 [RIO+(1—0)y] — (1—k)ro] db

—1—(1—@)/12[R—(1—k)r2]d9—cq:0,

when 1 — k < L, since % =0 and

oz/e [R[9+(1—9)y]—(1—k‘)r2]d6—oz8;q;q[h’ [€Z+(1—95)y] —(1—/@)7’2]

*
Y

+(1—&)/IQ[R—(l—k>T2]d9—Cq:0, (45)
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Whenl—k;>L,with¥: L9607 .
q 1-y 9q

To compute the effect of y on the optimal ¢, we use the implicit function theorem.
Thus, the sign of % is equal to the sign of 8FOC . When1—-k< L, BFOC‘] is equal

to:

2 (1K) 1 o8 (1K)
R1-0)1—~—=)df R(1—-0)d0+a——2R |0 1—-0 — .
o [Tra-o (1= 050 +aéy< avraSy2 R g, + (1-8,)0) (1- S7)
The first two terms are positive, while the last one is negative since % = —11__%‘.
When 1-k =L, BFOC‘Z simplifies to v f; —0)df > 0. Ask — 1, then 9, — 0 for

any y > 0, andsoa = 0, while for y < 0, andy—>0 theterm0 +(1—9)y—>0.

It follows that aFOCq >0 for all k € (1 - L,1), so that W > 0 holds.

OFOC,

Consider now the case when 1 — k > L: =5~ is given by
y

oz/e R(1 H)de—a% [R[0;+ (1—9;)y]—(1—k)7“]—a%qaezR(l— Y)

. Jy dq ~ Oy
o0, 829*
R(1-67) — R|0T+ (1-6 —(1-k
—aSR (1= 0;) g g [R16;+ (1-6;) 0] — (1= By
020; 020 1 06; . . o
where oy = B9 = T3 07 < 0. All terms in the expression above are positive
except
a0, 69;;]%(1 y) <0
“ g Toy '
Recall that % =— 11:95 < 0. Then, we can write
00, 88* o0 o0,
—YR(1—y)— =LqR(1 -0 = ——YqR 1-0; 1—-607) =0
8q 63/ (1-y) Bq q ( y) dq q [ ( y) +( y)] ’

and it follows that b > 0whenl—Fk> L.
We now move on to the case when the guarantee amount is protected from
bankruptcy. The threshold for fundamental runs is still given by 0, as specified

above. The threshold for panic runs HZP , instead, now solves:

iy (0) 7 R(1—-0)y (1 - n(lLk)> ﬁ Ry (1 - n@)
qrdn—i—/ q dn+/ 1—gq dn = 1y,
i o 0T ma—n T

(46)
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where 7 and 7, (f) are as above and 7 is still equal to £
As we perform our analysis for the case in which y — 0, the expression in (46) is
increasing in ¢ and decreasing in n, so the usual derivations to characterize the panic

*P . . . . .
run threshold ¢, apply. Using the implicit function theorem, we can compute

(1—Fk)

7 Ry(1-n07R)

. 7iy (0) n R(1-0)y(1-n )
% :_foy r2dn+fA (I—n)(1— k)L dn — J, (A—n)(1—k) dn <0
dq oy () |, _ R(1— 0);,(1 —iiy (0)U7)) f Ry(1-nl7 k))dn ’
o0 1|7 a,oan |~ 4ae Taomae
and
D (9) B R(1-0)y(1-7, 1) @ Ro-e)(1- n78) o 7 R(1-n 020
89;;13 y {QT q (1-7y)(1-k) qfﬁy(e) (1-n)(1—k) dn ( q) 0 (1—-n)(1—Fk) dn
dy ony (0) R(1-0)y(1-7,(0) 172) 7 Ry(1-nU39)
204 |"2 — —imeae | ~ a0 oo
*P 2 g* P *
Starting from ag we can compute aajgy = aayeaq as follows:
O7y (0) R(1-0)y(1-7,(0) —6)(1-nU7H) 7 Ry(1-n052)
*0F 9y {Tz— a- ny(e))yl ) +fﬁ 1—n)(1- k)L dn — de
0q0y - om0 R(1_9)y(1—ﬁy(0)“;’“’) . Ry(l—n“z’“))
oo 4|72~ (1-7y(0))(1—k) - qfﬁy(o) mdn

Ony (0) {7”2 . R(l—@)y(l—ﬁy(g)(lLk))] B fﬁ Ry(l_nﬂik))dn

op=r 99 (1-7y(0))(1—Fk) ny(0) (1-n)(1-k)
~ 5, 1010 52) ) 7
Y on,(6) R(1-0)y(1—ny(0)—F= I Ry(1-n-—
o0 {7“2 B =) =r } ~ 4,0 ammaem 40
When y = 0, the expression above simplifies to
i R - B . (1=k)
*o,r 1 |om, ©, +/ R(1-9) (1 " )dn
dq0y a%pqrg dy 7y (0) (1—=mn)(1—Fk)
*P
%7
dy q’

29* BG*P

from which we can see that Baor > oy when y = 0.
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The FOC, is still given by (45), so that the expression for 9F9C \when y=201is

Oy
given by
1 ae*P P
R(1—-6)df— RO —(1—-k
@ [ RO 00— ap [~ (1=
aQ*P aQ*P aQQ*P ae*P
— R— ROF —(1—k Y 1-60:7).
g oy " “agoyt M (LRI map e (1=67)
Again, all terms are positive except — 8?;ana*PR < 0. When 1 — k = L, we know
that aFaz % > 0 and so qy > 0. Recall that #* — 6, which is arbitrarily close to

1, as £k — 0. Hence, we can extend the argument to the case when y = 0, so that

0;7 — 6" and conclude that when k — 0, 627 — 6* — 6, which is arbitrarily close

to 1. Making use of this assumption, the expression for aFa(Z % evaluated at y=20
simplifies to
80*P 62Q*P ae*P 6Q*P
R—(1-k)ry) —a=—2-q[R— (1 —k)ry] — a—L—q—-
6y [ ( ) 2] 8q8yq[ ( ) 2] dq q £
Since 207 5 P oy h b hich implies th
mee 55~ > 6y when y = 0, the expression above is negative, which implies that
dqy < 0. Using the same argument as in the proof of Prop081t10n 6 we can establish
that there exists a cutoff k:f; (0,1—-1L) , and qy >0

for k > /k?f , so that the proposition follows. [

Proof of Proposition 8: Given the expressions for GD, and GD, in (21) and (22)

and evaluating (22) at y =y = the expression that determines which

N
1—max(0—=z,0)’
guarantee scheme is more costly is

Rx? 1k R i
™ Rr(h— z B
Bo = =~ Rl =) = 2 o (0= 2.0) (1= max (@ —,0))
Rx 1 -k

* 2(1 —max (¢ —2,0)) L @~=)",

(€ — )

which can be simplified as

Rz o 1 0 -k ([, 2—(0—x)
> 1) T T @ oy Y @ @—mﬂﬂwMJ]%l
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When (47) equals zero, the two guarantee schemes are equally costly. Note that this
is the case for x =0 and 2 = 1. Whenz =1, max(f —z,0) =0and §, =0 —x =0,
so that the expression above simplifies to £ [1 — 1] = 0.
We need now to check whether GD, 2 GD,, for any = € (0, 1). Differentiate (47)
with respect to x:
R
AT
+ka20® — 2ka30® — ALx0 + ALx%0 — 2kx6* + 3k:1:2Q) )

(L — 2%0® + 22°0° + 226 — 32°0 — 2Lx + 2L2*0° — 2La*0°  (48)

Evaluating (48) at = 0 gives £ = 1 > 0, so that, while the difference in the two
loan guarantee schemes is zero at x = 0, it becomes positive as soon as x becomes
positive.

We now show that the difference in (47) is concave everywhere, which implies
that GD, > GD, for any = € (0,1). Start by differentiating (48) with respect to z
again to obtain

2 202 343
m([’_(l_k))(l—l-ﬁ—l-?)xﬁ—xg—3xQ)_|_(1_k)' (49)

Since (zf — 1)° < 0, to show that GD, — GD, is concave for any z € (0,1), we need
to show that the expression in parentheses is positive.

For x = 0, the expression is clearly positive, meaning that the difference GD, —
GD, is concave around x = 0. A sufficient condition for the expression to be positive
for any z € (0,1) is

1+ 6+ 32%60* — 2°0° — 320 > 0.

This is equivalent to showing that

1+46
z0

> — (3260 — 2%6° — 3) . (50)

Rewrite the LHS in (50) as # + % From this, we can see that for any z, the value

of the LHS is minimal at § = 1, and equal to %
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Consider now the RHS in (50). Differentiating it with respect to @ gives:
2220 — 3z

This derivative is positive if 2220 — 3z > 0 < 220 > 3 < z0 > %, which can
never happen since both x and # are less than 1. Hence, the RHS must be strictly
decreasing in 6, and is maximized at # = 0. For § = 0, the RHS equals 3. The same
thing is true for x: the RHS is decreasing in x, so the maximum value the RHS can
take is 3, which occurs for either x = 0 or § = 0.

Now consider the LHS. The lowest value it can take, as a function of z, is % For
this expression to become smaller than 3, i.e., the largest the RHS can be, we need

x > % Note now that x can only be greater than % if 0 is also greater than % Since

the RHS is decreasing in x and 6, the most the RHS can be if % <z <4fis

) G -+() ) vme

which is less than the LHS.

Fix now z = 1. The lowest value that the LHS can take when z = 1 is 2. This
is bigger than the value that the RHS takes when x = % Thus, since both the LHS
and the RHS are monotonically decreasing in z, it follows that the LHS is greater
than the RHS for any x > 0. This implies, in turn, that the difference GD, — GD,
is concave for any x € (0,1) and so it is always positive as stated in the proposition.

To complete the proof we need to determine the effect of the two guarantees
schemes on ¢. To do so, we compare F'OC, under G'S, and G'S,,. The former is equal

to

a/ogzz-z(em) (1_ (12@)d9+a/01_x[R(9+x)—(1—k)r2]d9

=

—i—oz/l [R—(1—k)7“2]d0+(1—a)/2[R—(1—k)7"2]d6—cq:O, (51)
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while the latter is equal to

a/oeyR(9+y—0y) (1—@) d9+oz/01[R(9+y—0y)—(1—k)7"2]d9

+(1—04)/12[R—(1—k)r2]d9—cq:0, (52)

since under G'S, the bank accrues a (per unit return) on the non-liquidated units

equal to RO+ R(1 —0)y = R(0+y — Oy) and %—qu — % _

9q
We now compare (51) and (52) evaluated at y = y so that 0, = 0,. Given that

¢, and g, are interior solutions, for ¢, > ¢,, it must be that

a/OGIR(Q—Fm) (1—@) d0+a/91_$[R(9+x)—(l—k)rg]d0+a/llx[R—(1—/c)r2]d9

0

—a/OyR(9+y—9y) (1—(1;[]]{;)) d@—a/(j[R(@%—y—Gy)—(1—k)7“2]d9

=Y

> 0.

After a few manipulations, we can rearrange the expression on the LHS of the in-

equality above as follows:

O x x (1—k) 1o x x
— 1— —
a/o R(a: 1+x—6+61+x—9>( L >d0+a/9 R(:c 1+x—0+61+x—6’

1

0 2 1—x 2
= Rx (1—k) Rx
— (1 ———=|db —df
04/0 1+x—Q< L > +a/gz 1+x—-80

=

1
R

Hence, since F'OC,, > FOC,,, it follows that ¢, > ¢q,, as desired. []

Proof of Lemma 1: Substituting the expressions for #2 and 6?7 from (23) and
(24), respectively, it is easy to see that for any 0 < k < land 0 < ¢ < 1, 68 < 77
holds as

L—(l_Q)(l_k)T’Q < L
qR qR’
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The rest of the Lemma follows since 67 increases with k, while §27 does not depend

on k. O

Proof of Lemma 2: Although depositors anticipate the bank’s liquidation decisions,
the run thresholds are still given by 0% = {#,6*} as in Section 5. To see this, we
consider low and high capitalized banks separately. Let’s start with the former. The
bank’s liquidation threshold #% falls in the lower dominance region since 1 — k > L.
Thus, the bank’s liquidation decision does not influence depositors’ payoffs in the
intermediate region of fundamentals, so that the derivation of §* is unaffected.

For highly capitalized banks, in contrast, comparing #5 with § we have that
0F <8 <= ro(1—k)> L.

Given that the LHS in the inequality above is decreasing in k and that 67 < § when
k=1—1L and 6% > ¢ when k = 1, there exists a cutoff value k;, € (1 — L,1)
solving 97 = @. This implies that the bank’s liquidation decision still does not
affect depositors’ withdrawal decisions for k < k. For k > k,, depositors anticipate
that the bank is going to liquidate but the liquidation proceeds are nevertheless
enough to repay the promised repayment of 1 at date 1 and r, at date 2 since

L —(1—Fk)ry > q[RO — (1 — k)rg] > 0. The rest of the lemma follows. [J

Proof of Proposition 9: When 1 — k& < L, the bank is exposed to fundamental
runs only. The introduction of the loan guarantee reduces 6, and 62 while it does
not affect the planner’s threshold #77. Hence, 677 —max {07,,0, } strictly decreases
with z.

When 1 — k > L, the bank is exposed to panic runs and the run threshold 67
strictly decreases with z and k. Since #, < 0 and they are both decreasing in k,
077 =6, when k = ki =1 - q% — 55 < 1— L. Hence, since 0; > 0,, there exists

a cutoff value 0 < k < k7T <1 — L such that 677 < 0% when k < k1, and 07F > 07

when k > kp. The cutoff &, solves 07F = 0¥ and the proposition follows. [J
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Proof of Lemma 3: Denote as k77 the cutoff value of capital for which § = 677,
This is equal to

L
kPP =1-—>1-1,
qr
. 00 . 805 F . SP
for any grp > 1. Given that 3z < 0, while =l = 0, it follows that § > 67" for
k < k?F and @ < 09F for k > k?F. From Proposition 2, we know that ¢ry = 1 when
1 —k < L. Hence, it follows that k?F =1— L and, in turn, § < 07 when k < 1-L,
while 6* > 6 > 077 when k > 1 — L. Using the result from Lemma 2 that 62 > 9%

for k > k; and 9LB < OF for k < EL, we obtain the result in the lemma. [J

Proof of Proposition 10: Since we are allowing the bank to choose to liquidate the
project early if it finds it profitable to do so, we must first characterize the optimal
degree of underwriting effort. This is obtained by maximizing bank profits with

respect to ¢, and is given by

1

mgxa/:“ [L—(l—k)rz]de—ira/e;xq[R(Q—irx)—(1—k)r2)]d9+a/1_ IR — (1 k)ra]do

+(1—a)/12q[R—(1—k)r2]d6—%,

which implies that ¢, is the solution to
-z 1 2
a/ [R(O+x)— (1 —k)r)] d0+a/ [R— (1 —Fk)r d0+(1—a)/ [R— (1 —Fk)ry]df = cq.
0B, 1—x 1
We can now calculate the change in total output resulting from an increase in =,
which is given by
dTO, 208,
o

dz Ox
qu 1-z 1 2
+ 2Lz oz/ R9d9+a/ R@dQ—I—(l—a)/ ROdY — cqP, |,
dx 9B, 1-z 1

which simplifies to

dTo,  06P s on dgP 1-e ! ? B
_ ([, — ¢B ROB )4 Tz 0do 0do + (1 — 0do — .
. o o ( qr. R Lw)—i— T oz/9 ROdO + oz/l_xR + ( a)/l R Ly

B
Lz
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7] o B _ L-(1—-¢B)(1-k)rs .
= —1and 0/, = q%z = — x. Then, the expression above

Recall that

07,
ox

can be rearranged as

o, <L _ZR <L —(L—gp,)A = k)ry az>)

dx ® R
quB [ -z 1 2 i i
+ == a/ R9d9+a/ R9d9+(1—a)/ RO — cqy,
dx LA 1—a 1 |
quB [ -z 1 2 i 1
+ d_ww a/ ROdO + a/ ROdO + (1 — «) / ROdO — cqr, | - (53)
6B, 1-z 1

At k£ =1 this is

T B 11—z 1 2
dde _ —OquwRI—f—qux [a/ ROdO + a/ ROdO + (1 — a)/ ROdO — chBz] )
T dz 2] 1—x

B
Lx 1

I . . dqP .
which is positive when 2 — 0 since “2£= > ( from the expression above for ¢f,:

a08 .,
dgB,  —0% [R(0F, +2) — (1= K)r] +a fpp " Rdf »
e —a% [R (07, + ) — (1—k)ra] —c

Hence, by continuity (53) is also positive for k close to but strictly less than 1.

Consider now the other extreme case when k = &, which solves 1 — k = % In

this case,
1
dap, _oJy R (-1
dx o=0k=Frp c c
and the expression for dj:lg”” becomes

dTo,
de

B 11—z 1 2
—a((1-qg7,)L+ C]fo:v)—l—% [a/ ROdH + a/ ROdO + (1 — ) / ROdO — cq? | .
% 1—x 1

As x — 0, this converges to

dT - L 1 :
R ATl (a | moas+ 1) | roas - cqu) ‘
x C L 1

R
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Since

a(%—l—%— )+(1—a)(R—L)

B } _
ILa x=0,k=k;,

c
we can write
0, a<§+§—;— >+(1—a)(R—L)
=—af|l-— L
dx c
— L 1 2 1.2
—|—Oé(R ) a/ R9d9+(1—a)/ R@d@—(a(ﬁ—i-——l))%—(l—a)(R—L))
c L 1 2 2R
1
= Q—Rca (—4L2R +3LR*+3L% — RPa+ R® — 2L*Ra — 2LRC) .

From this, we obtain that for

- R¥(1—a)+3LR?+3L% —2L*R(2+ «)
c
2LR ’

we have that % > (. Hence, by continuity;, % > 0 for k larger but close to ky,.

We now move on to show that % > 0 is also positive in the range k € (kz, 1).
Evaluating (53) at  — 0 gives

dT'O,
der

d B
—a(l— qLBx)(l — k)ry + Yz [oc

1 2
/ ROdO + (1 — «) / ROdO — cqfx] .
dz 1

0L,
As ¢ decreases, ¢P, increases and can come arbitrarily close to 1. Suppose c is
sufficiently small that ¢?, = 1 — §, for 6 > 0 but small. This makes the first term

arbitrarily close to zero, of order —O (4):

dTO, dqf ! ?
:—0(5)%—& a/ R9d9+(1—a)/ ROdO — ¢ (1 —9)] .
dz dz o8 1
The term inside the brackets is strictly positive. Therefore, % will be positive if
% remains bounded away from zero for ¢2 close to 1 but not strictly equal to 1.
B
Recall that dzgl‘ is given by
B —T
dgf,  —a%= [R(OF, +2) = (1= k)rs] +a fps " Rdo o
—_— B .
t oG [R(OF, +2) = (L= k)rs] — ¢
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As x — 0, this becomes

B
dgf,  —a%g= [ROF, — (1—k)rs] +a [js Rd6 i,
— . = 908 5
dx —aZ [ROB, — (1 —k)ra] —
with 825“5 = —1. Therefore, even for ¢ small, dfgz remains strictly positive, as long

as q? < 1 and that the second order condition continues to be satisfied, meaning
B

8(03;““ [ROZ, — (1 — k) r3] — ¢, remains negative.

Hence, for small enough c, % > 0 for any k € (EL, 1). Since we know it is

positive for k = 1 and k = k, this establishes that % > ( for all £ in [EL, 1]. O

that the denominator, —«

Proof of Proposition 11: When 1 — k < L, the deposit rate r, is pinned down
from depositors’ participation constraint, (8), with the small modification to adjust
the limits of integration, 6%, to be 0% = § — x. Relative to the case of z = 0,
the introduction of a loan guarantee introduces slack in depositors’ participation
constraint. Keeping its underwriting effort ¢ constant, the bank can now reduce ro
and still satisfy depositors’ participation constraint. Together with the direct effect
of the guarantee, the reduction in r, would lead to a further increase in ¢q. But
the consequent anticipated increase in ¢ would again make depositors’ participation
constraint slack, allowing for a yet greater reduction in ry, etc. Hence, ry decreases
in equilibrium as a result of the introduction of the loan guarantee x.

When instead 1 — k > L, ro is pinned down either again by (8), or by the bank’s
first order condition, where the run threshold is given by 67 = 6* — x. In the case
where 1 — k£ > L, bank profits are given by

-z 1
maxa/ q[R(H—{—a:)—(l—k)rQ]dG—i—a/lxq[R—(l—k)rg]dG

q 2

*
x

4—(1—@)/1 q[R—(1—k)re]d —C;LQ.

5



The derivative with respect to rq is

* 1-x 1
—aﬁexq[R(H;—l—x)—(l—k:)rz]—oz/ q(l—k:)d@—a/ q(1—Fk)do—
Ory o 1-z
2
(1—a)/ q(1—k)do
1
o0 !

——aSZg[RE; +a)~ (1K) —a [

—Q
87”2 0

2
¢ (1— k)do — (1—a)/ ¢(1— k) do
e 1
Since 0 = 0* — z, the expression above can be further rearranged as follows:
o0* !

—Q
87”2

q[Re*—(1—k)r2]—a/ q(l—k;)d&—(l—a)/jq(l—k)d@

0*—x
The first term, which is positive, is exactly the same as for the case where z = 0,
given by (12), while the second term, which is negative, is larger because of the
larger region of integration. Hence, the bank should respond to the introduction of

the guarantees by reducing r, and the proposition follows. []

Proof of Proposition 12: Since § < 1, the threshold for fundamental runs is the
same as in the case without guarantees. This is due to the fact that when the bank
is insolvent depositors receive § < 1, but this is not enough to convince them not to
run. Hence, for highly capitalized banks, when 1 — k < L, 0, is still given by (5).
Applying the same arguments as in the proof of Proposition 1, for banks with

1 — k> L, the relevant crisis threshold 65 corresponds to the solution to

7(0) | 1
/ qradn +/ gddn +/ (1 —q)ddn =,
0 7(0) 0

7(9) 1
q/ (rg—é)dn—i—/ odn = 7y,
0 0

where both 7 (f) and m are the same as in the case without guarantees. Following

or, equivalently,

the same steps as in the proof of Proposition 1, we obtain the expression (26) in the

proposition.
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To complete the proof, we need to compute

05 _ 0 (ry —0) - (gra —m)+0(1—q) ] 54
= (T | e ]
(7’2-5)Q 1—k

“ a0 () <0

and

00;
85_(qr2—7r1 )—1—5( q) [<1_q>_(q7“2—7r1 )+5(——Q>

s

_ q0 (rs —m) (7 — 1) <0

(g2 =m7%) +9 (55" —q)

since m; > L > § and 1 — k > L and the proposition follows. [J

Proof of Proposition 13: The bank’s optimal choice of ¢ solves

04/00539 (u%) d6+a/61[R9—(1—k)r2]d6+(1—&)/12[R—(1—k)rg]de—cq—o,

when 1 — k < L and

*

Ct/*l [RO — (1 — k) 7] dO+(1 — ) /12 [R— (1 —Fk)ry] do— aa;q [RO5 — (1 — k) rg]—cq =0,
5 (56)
when 1 — k > L, which are obtained differentiating (27) with respect to ¢. When
1 — k < L, the run threshold 6 is not affected by the deposit insurance J as shown
in the proof of Proposition 12. Hence, ¢ ; is not affected by 0.
Consider now the case where 1 — k > L. In this case, the run threshold is 05 as
characterized in (26). We use the implicit function theorem to compute . Denote

the expression in (56) as FOC,: = 0. It follows that:

. OFOC,x
dqs _ %
ds 9FOC,;
9q

7



OFOC,x
The denominator g~ < 0as g5 is an interior solution. Hence, the sign of q5 is

equal to the sign of

OFOCy; _o0; 920 200 005

OFOC, s
—5 are negative except the first one. We show

OFOC,s
next that the first term is dominated by the second, so that overall

Bh
026} 00 0;
aq05| > || Recall that 8—; is given in (54).

All terms in the expression for

< 0.

To do so, we need to show that q‘

*

leferentlatmg Wlth respect to d, we obtain:

829(?_% 1— (QT2—7T1>+5(1—Q)

o5~ 00" | T m) o (F —a)

(gro —m)+d(1—q) (1—k )
— A0 [(1 —¢q)— - ,
S S o =3 prry =

— ro—49

where A = (= L) 43 () and so

0A _ —(arz—m'g") 0 (5 —a) —n (T -9+ ((FF — )
d [(grs = m'2%) +0 (12 = )]’

Using (55) and (54), the expression above can be rearranged as follows:

0%0;  0A06;1 00

R R

03 0
since %5 <0, %? <0and? 58 < 0. It is easy to see that ¢A > 1 since m; > ¢. Hence,
29 0*
qzéaq > ‘ =2 | and so dig < O as desired. [

Proof of Proposition 14: The proof follows the same steps as the proof of Propo-

sition 12. Consider first the case when 1 — k < L. Since § < 1 and ‘”k < 1, the
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threshold 05, under which withdrawing at date 1 is a dominant strategy is still given
by Qf = 0 — z, as characterized in Section 6.2.
Consider now the case when 1 — k > L. Following the same steps as in the proof

of Proposition 12, the threshold 8}, corresponds to the solution to

A (0) 1 1
/ qrodn + / qodn + / (1 —¢q)ddn = .
0 7(6) 0

This is the same as the expression in the proof of Proposition 12, with the only

difference that we have now n, (0) = T ;r(e;rﬁ)fkgl_(’;)’:) instead of 7 (f). Substituting
) —UmRr2

in the expression above 7, (6) and solving with respect to 6, we obtain the expression

(28) in the proposition. It is easy to see that the comparative statics with respect to ¢
and 0 is the same as in the proof of Proposition 12. Furthermore, it is straightforward

that % = —1, which completes the proof. [

Proof of Proposition 15: We consider separately the case when 1 — k£ < L and
when 1 — k > L. We start from the former. From Proposition 14, the run threshold
when 1 — k& < L is the same as in the economy without deposit insurance. Since

deposit insurance only affects bank profits via the run threshold, the FOC for ¢ is

dgé T

e s the same as the one characterized in

the same as (16), thus implying that
Proposition 6.

Consider now the case when 1 — k > L. Again, as the deposit insurance only
affects bank profits via the run threshold, ¢f, is given by the solution to (17), but
with 65 instead of §%. As in the proof of Proposition 6, the sign of % is given by

the sign of the derivative of the FOC for ¢ with respect to x, which is equal to:

003,  0°0; e 06} 06
— L+ —2q| [R(6; —(1-k Rdf—a—"qR | —* + 1] .
a{ax + S| (R, +) — >r2]+@/0§ T | B+
From Proposition 14, we know that ag% = —1, which, in turn, implies that
%2% = %1953 = (0. Then, the expression above simplifies to
003, -

—Q

[R(9§x+a:)—(1—k)r2]+a/9 Rdf > 0.

ox

*
dx

79



dgj} > (0 and the proposition follows. []

Hence,

11. Appendix B: Alternative bankruptcy cost assumptions

In this section, we modify our assumption concerning the application of bankruptcy
costs. Specifically, we consider two polar cases. First, we consider an economy in
which full bankruptcy costs are also present at date 1. Second, we replicate the
analysis in the absence of bankruptcy costs, which implies that depositors receive a

pro-rata share of the bank available resources both at date 1 and 2.

11.1. Bankruptcy costs at date 1 and 2

In this section, we are going to introduce bankruptcy costs at date 1 so that,
whenever the bank is not able to repay the promised repayment r; = 1 to all with-
drawing depositors, they get a zero repayment. This modification alters the expected

payoff at date 1, which we denoted as 7 in the main text as follows:

=L 1
B, (T=K)r1 / L
Tl = ridn + 0dn = ——.
! /o . -k

We consider separately the case in which the guarantees is lost in the bankruptcy
procedure and that in which it is instead bankruptcy protected. We start from the

former.

11.1.1. First-loss guarantee scheme

In this section, we consider the scenario in which the guarantees is lost in the
bankruptcy procedure. The derivations of the run thresholds ¢, and 0} are as in the
main text, with the only difference that in the expression for 0}, we have W{B ! instead
of 1. The same applies to the choice of the underwriting effort, which is still given

by g asa solution to

+%/1:[R—(1—k)r2]d9—cq—0 (57)
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when 1 —k < L and ¢} when 1 — k > L as a solution to

1067
2 0q

%/9_I[R(G—Ira:)—(1—k)r2]d9+%/l_x[R—(1—/5)7"2}(19—

*
x

(58)

Since 0, is not affected by the introduction of bankruptcy costs at date 1, the results

concerning the effect of the introduction of the guarantees on ¢ go through as in
the main text whenever (1 — k)7 < L.

Consider now the case in which 1 — k£ > L, for which the relevant run threshold

0* is now slightly different from the one in the main text since it includes 77 instead

of m;. Differentiating (58) with respect to x, we obtain

106 . 1 [ 1 0%0 .
_log; 06y, 106
28qq8x 28qq '

Yes, it is easy to see that the change in depositors’ expected repayment at date 1 does

%07 020z
L R— L R— 0

not affect the properties of the run threshold 6} since 9% — 1 and 200 = a55 = 0-

ox

Hence, the expression above simplifies to
11—z

1 1
+§CJ[R(9;—|—$)—<1—]€)T2]+§/ Rdf > 0,
0%

which is the same we have in the main text. Hence, the result that % > 0 holds

true also in the case with bankruptcy costs at date 1.

11.1.2. Bankruptcy-protected guarantee scheme

In this case, we consider the scenario in which the guarantees x is protected from
bankruptcy. As no guarantee is paid at date 1, the introduction of the bankruptcy
costs in case the bank is unable to repay r; = 1 only alters the expected payoff
at date 1 and does not directly interact with the guarantee. This implies that the

run risk in the presence of a first-loss guarantee x whose transfers are protected in
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bankruptcy is still given by §2 = 6 when 1 — k < L, which, in turn, implies that
the result still goes through as in the main text for well-capitalized banks.
Consider now the case when 1—k > L. The run threshold 6% is given by solution

to

5 iz (6) n Rx (1 — n(lzk)> n Rx <1 — n@)
7T1:/ Tdn+/ dn+/ 1-— dn.
v it Taewaen M i e

(59)
It is easy to see that, since the introduction of bankruptcy costs at date 1 only
affects depositors’ expected payoff at date , as given by the LHS in the expression

above, the properties of the run threshold are the same as in the main text, i.e.,
o0xF agxt 820:F . . . .

and are as in the baseline model. Using the same arguments as in
ox ’ Oq O0xdq

the previous section, it follows that the results of our baseline model go through also

when introducing bankruptcy costs at date 1.

11.2. No bankruptcy costs at either date

In this section, we assume that, contrary to the main text, there are no bankruptcy
costs at either date 1 or at date 2. This implies that depositors receive a pro-rata
share of the bank’s available resources when the bank is unable to repay the promised
payment both at dates 1 and 2. As we show below, while this modification compli-
cates the analysis substantially, all the main results go through. In what follows, we
proceed in steps. First, we characterize the thresholds when the bank either experi-
ences a run or goes bankrupt at date 2. Then, we characterize the effect of a loan
guarantee on bank underwriting incentives.

In the absence of bankruptcy costs at date 2, bank profits depend on whether the
bank faces a run (either fundamental or panic driven) or whether it goes bankrupt
at date 2. The following lemma describes the thresholds characterizing these three

different cases.
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Lemma 4. Denote 0F as the threshold below which the bank is unable to repay the
promised date 2 payment to depositors, and 0, and 0 as the run thresholds when

1—k<Land1—k > L, respectively. Then, we have the following:

1. The solvency threshold 62 solves R (0 + ) — (1 — k) ro = 0 and is equal to
(1 - k) T2

05 = —r (60)
2. The fundamental run threshold 0, solves g——— (9”) =1 and is given by
(1—Fk)
0, = — . 61
A (61)

3. The panic run threshold &} solves

72 (6) 7 R(O+uz)(1-nH 7 Ra (1 —nlZh
[ (1—n<><1—k> )d”“l‘q)/o <1En>< k>)d” oo
©2)

where 7, (0*) and 7 are defined in the proof and m = fo dn + f T k —=—dn.

Proof. 4: The proof proceeds in steps.

Step 1: Characterization of the solvency threshold #” and the funda-
mental run threshold ¢, The characterization of the solvency threshold 62 is
straightforward and follows directly from the condition R (6 +x) — (1 — k) ry = 0.
As in the baseline model, we pin down the fundamental run threshold as the upper
bound of the lower dominance region, i.e., the region where running is a dominant
strategy. Under the assumption that no one else runs, a depositor never finds it
optimal to run when @ > 65 as in this case he expects to receive qro > 1. This
implies that running can only be a dominant strategy for lower values of 0, i.e.,
0 <0, <08 When 6 < 08 adepositor expects to receive the pro-rata share ¢==—- (HJ“B)
at date 2. Running is then optimal when the pro-rata share falls below the date 1
repayment. At the threshold 6, the date 1 and 2 repayments are identical as given

by the condition ¢==—= wﬂ) =1.
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Step 2: Characterization of the panic run threshold ¢;: We follow the same
steps as in the main text, starting with the characterization of the two conditions

pinning down {s%, 6% }:

R (9 + ) <1 -l _k>> (1 =n (@) (1K) =0 (63)

and

(1771(9,3;;) Uzk) )
(1-n(8,s3))(1—k)

qro Pr (0 > 0%|st) + qRE[0F < 0 > 0, s7]

Rz(lfn(G,s;) (1Zk)) * * L *
+ (]_ — q) (1=n(0,55)) (1-F) Pr (9 < 0n| SI) = 1PI‘(0 > 0n| Sa:) + mpr (9 < enl Sz) s

(64)

where 6, = s% + ¢ — 2e £ represents the level of 6 for which the bank liquidates the

entire portfolio at date 1 and, thus, is equal to the solution to
n(0n,s;) (1 —k)= L.

Condition (63) identifies the level of fundamentals, 6%, at which the bank is at the

)
brink of insolvency at date 2 when n (0%, s%) > 0 depositors run, for given s%. Con-
dition (64) is depositors’ indifference condition: the LHS represents a depositor’s
expected utility from withdrawing at date 2, while the RHS represents the expected
utility from withdrawing at date 1. This condition pins down s* given 6% (s*) from
(63), so that together the two equations characterize the equilibrium withdrawal
decisions {s,6%}. To obtain the expression (62) in the proposition, where 7, (6%)
solves (63) and 7 solves

(1—k)n=1L,

we perform a change of variable by defining 0% (n) = s% + ¢ (1 — 2n) and then take
the limit when € — 0, so that 6% (n) — si. m
Having characterized the two run thresholds 6, and 0}, we can follows the same

steps as in the baseline model to establish that the relevant threshold is 6, when
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1—k < L and @} when 1 —k > L. To this end, we start assuming 1 —k = L. In this

case M = foﬁdn + fﬁl ﬁdn = 1 and (63) simplifies to

(1—n)[RO— (1 —Fk)ry,

which is positive for § > 05 and negative for § < 62 for any n < 1. Tt follows that
running is optimal when 6 < 6, irrespective of n. This implies that the relevant
run threshold is #, when 1 — k = L. Since 0, is decreasing in 1 — k, condition (63)
becomes less binding for any n when 1 — £ falls below L. This implies that 0, is still
the relevant run threshold when 1 — £ < L.

Consider now the case when 1 — k > L. Since (63) is increasing in 6, it follows
that 67 > 0, when 1 — k > L. However, as 1 — k — L, we know that ¢gry — 1 from
depositors’ participation constraint being satisfied with equality. This completes the
proof and the lemma follows. []

The lemma shows that, unlike in the baseline model, a depositor’s decision to run
is no longer driven by the bank’s solvency condition when 1 — k£ < L. This occurs
because, when the bank is unable to repay the promised ry at date 2, depositors
receive a pro-rata share of the bank’s available resources. This implies that, relative
to the baseline model, they have less incentives to run and, as a result, 8, < 65.

When 1 — k > L, depositors find it optimal to run when 6 falls below 8%. Again,
since depositors receive a pro-rata share if the bank goes bankrupt at date 2, the
panic run threshold is now lower than in the baseline model. It is also potentially
lower than the solvency threshold §%. Whether 62 = 6% depends on the level of bank
capital. In the limiting case when k — 0 and z — 0, 0% — 1, while §2 << 1. Hence,
0% > 6P in that case. At the other extreme, when 1 — k — L, both 6 — 6, and
02 — @, since, in this case, gro — 1. This means that 67 — 62. For intermediate
values of k, there exist parameters consistent with 6% > 62 and with 6% < 67 .
We thus proceed to analyze the effect of the loan guarantee on bank underwriting

standards in either case.
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As in the baseline model, the bank chooses ¢ so as to maximize expected profits.

When 1 — k£ < L, the bank sets ¢, as the solution to

q

0, _ 1—x
maxH:a/ qR(G—i—x)(l—#)dQ%—a/ qR(O+x)— (1 —Fk)rg]db
0 L

+oz/11Iq[R—(1—k)r2]d9+(1—a)/lzq[R—(l—k)rg]dG—%. (65)

When 1 — k& > L, the bank chooses ¢, as the solution to

maXH:a/l_x q[R(9+x)—(1—k)r2]de+a/: IR — (1—k)rs] b

a max {65,601}

+(1—a)/1 gIR—(1—k)r ]d&—% (66)

We have the following result.

Proposition 16. The impact of a first-loss guarantee x on bank underwriting effort
when there are no bankruptcy costs is as follows:
a) When 1—k < L, introducing x increases bank underwriting effort, i.e., ‘% > 0;
b) When 1 — k > L, the bank fails if § < max {Qf,@;} There exists a value of

k denoted as /k\z < 1— L such that introducing x reduces bank effort for k < Ex, while
increasing it as k — 1 — L: % <Of0rk:<7<:\m and% >0 fork—1—L.

Proof. 16: We consider separately the three cases, starting from the case when

1 — k < L. Differentiating (65) with respect to ¢, we obtain the FOC,, as follows:

afl*R(O+a)(1-122)do+a Jo TIRO+a) = (L=k)r]dd+a [ [R—(1—k)r
+(1—a) fl )rg]de—i-a =qR (0, +z)(1—-1%) —cg=0
where % = —(;;le). The effect of x on ¢, can be computed using the implicit
dFOCq,
function theorem, i.e., % = —%. Given that ¢, is an interior solution and

9q
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8FOC’qE

OFO0C,,
dq

SO < 0, the sign of i; is equal to the sign of . This is equal to the

following expression:

OFOC,, b 1—k L 00, 1—k
T—a/o R(l—T> d0+a/9 [R— (1= k)ra]d0 + a7~ R (0, +7) (1——)

L

-

g (112K B (112K

dq ox L dq L
& 1—k 1o 1—k
=« R{l———)di+« [R—(1—Fk)rgJdd —aR @, +z) 1 — ——
0 L 0, L
1—a 1—k
=« (R—(1—=k)ry)dd —aRx (1 — —— ).
0, L
Using 6, = (1 Rk) — x, the expression above can be further rearranged as follows:
F 1—k 1—k 1—k
%_QR |i1—$—(q—R)+x—l'—|—(—L>:| —Oé(l—k)?“g |:1—$—(q—R)+£C:|
1—k 1—k 1—k
:aR[l—x—(qR)—l—( 7 )}—a(l—k)frgll—(qR)},
where 1 — x — (lq_—Rk) + (I_—k) >1 - L= k) > 0 for all x < (1 . Since we restrict our
analysis to the case where z < 1=£ and since =£ < 1=k it follows that BFOC‘“ >0

andso%>0when1—k§L. [ |
Consider now the case when 1 — k > L. We start by assuming that 0% > 6. In
this case, the FFOCj is equal to

o fpr "[RO +x) = (L=k)rodf +a [ [R— (1 —k)rs]df + (1 —a) [ [R— (1—k)rs]db
—ozaaiq [R(O:+x) — (1 —k)ry) —cq=0.

Then, differentiating the expression above with respect to x, we obtain

0* e 00 00 89*
_ X * _ 1 _ _ _ €T
a—- R(O; +x)— (1 —Fk)ry] + a/;g Rdf — « 94 Or 4R 8q qR
829* .
g (R ) = (1= K) ),
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which can be further rearranged as

00% L 90 020>
Oor  0qOx

00 00% 1w 00%
df —
3¢ Oz LqgR+ « , R aaq

LqR.
(67)

] RO +2)—(1—k)rg o

Rearranging the terms, we obtain:

00 N 00
Oor  0qO0x

} R(07+2)— (1—k)ry] — aqR%ej (%9* + 1) + a/el_w Rdo
(68)

As in the case of bankruptcy-protected guarantees, we consider the limiting case

®
T

when k£ — 0 and x — 0. Given the indifference condition pinning down 6, we

compute as follows:
+ e (1—k) (—k) (1—k)
ong (6%) R(01+z)(17nz(01) T ) R(1-n R(lfn T )
o0 or q{” (=72 (01)) =0 +a (o) TimmasE At (1-0) [ ey dn
W _ __
Ox om (0%) R(e;+x)<1—nm(9;)¥) R(1- n(lLk) .
o6 ("2 (1—72(63)) 1K) +fﬁz(9* I =mya—ry "
(A—k)
— R(1—-n
1— fo ( 7L dn
q ﬁ R(l*'nM
Jaao3) e dn
. R(0%+2) (1-7i, (03) U7 . ~ s Ona(07) _ Oa(00)
since 7 — — g gmyaop — — U from the definition of 7, (6%) and Sgte) = Tt

being equal to

on, (0* R N 1—k
na (02) _ - [1 N il Y
Similarly, we can compute
R(0+x) n 1=k n Rz 1-n 0=k
ooy f "’2dn+f 1 7(1)(1 o3 )d”_ 0 (1< ) Lk)>dn <0
8q - O (6%) R(O;—&—m)(l—n;&@;)@) Iy R(l n{= k)) ’
a0 4|27 T am.00)1-k) nt(O*)q (omy—ny dn

which is similar to what is obtained in the baseline model.

Since 880” < —1 and 889“”
X

< 0, the second term in (68) is negative. The third

term, which is positive, goes to zero as §; — 1. This only leaves the first term to
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, a a q to 5= 89 . A sufficient condition

for the negative effect of the introduction of the guarantees on bank underwriting

incentives, in line with the baseline model with the case of the bankruptcy—protected

9%0;

guarantee scheme, is that 891 a024 > 0. To this end, we comput

7 R(1- = ’“’)
0%0:, _ —q—1+q¢ Jo Twam dn
drdq ¢ I )
fﬁz(ogg) A—n)(1-k) dn

7 R(1-nU=k) ~ ey (1—k
(1-49) Jy de My (9*)89*R<1—nx (63) 2 )>

R@wy>4209 dq (1— 7, (6)) (1~ k)

4| faon) Tomam

7 R(1—n{=0) 7 R(1—n{1=R) R ~ sy (1=K
_ 1 Jo (<1 - )d” 1-q Jo (<1 n)(lk)d” 3%(93’2)399’2R<1_n“(81> L >>0
q? fﬁ R(1- n“ k>)dn q - R(1-n078) 200 0Oq (1—7n,(0) (1 —k) '
0x) “(1—n)(1—Fk) Fra(67) de

Hence, to prove that % < 0 when k£ — 0 and x — 0, we only need to establish that

,R(lfn(lzk)>
29+ 0% . 0% . —q_Jo <= dn
9°0; 90 . From the expression for 965 we can write —i=¢_-=2 0-n0 f),k =
0z0q ox ox ’ R(l—n( L))
Ja(o3) oy dn
7R(17nM
acNB 1 I waedn 1 oe:
1142 and . B =1L 13 q, which allows us to rewrite the
w "
S (0x) == dn
expression above as
N o~ e (=K
0% 1 1 99n 1 on, (0%) 00 It (1 G )

90 ql-qor q—q 00 09 0-m (@)1 k)

~ «\ (1—k
007 on,, (07) 00 1t (1 — 75 (07) %)
dr 80  0q (1—n.(02)(1—Fk)"

Now, we substitute the expression for 203 into the [% + g:gi Q} in (68) and obtain

0xdq
~ ey (1=K
1—q8x (1—gq) 0 Oq (1 —mn,(62)(1—k) ox |~
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The first and last terms are positive since %ef < —1. A sufficient condition for the

whole expression above to be positive is that

’ 007

1 — _80; 1
oz

——>0
or ¢ ’

which implies that the first and second term sum up to a positive. Recall that

@9;7_1_1—61 f 1n1k)dn
Oz q m  R(- n“L’“))dn‘
Az (03) (1-n)(1-Fk)
Hence we need to show that
7 R(1— n<1 ’“) 7 R(1-nl7h)
PR S L AN SRS St B o _l-g
q R(l n(l ’“)) q q R(l —n =k ’“>) q '
fﬁz 9%) (1—n)(1—Fk) dn fﬁm(egg A—n)(1-k) dn
fﬁR 17”@ d
The inequality above holds true since —= (:Tl”_“’(f);k)n > 1. Then, it follows that
Sy (o) —C=y Ry A

q > 0 as desired and the rest of the proof for the case £ — 0 and x — 0

follows as in the case with bankruptcy- protected guarantees.
The final case is when 02 > 0% which, as argued above, can only be true for

k >> 0. In this case, the FOC|, is equal to

4
since the derivatives of the extremes of the integrals cancel out based on the definition
of 8. Taking the derivative with respect to z, we obtain
11—z

[R(07 +z) — (1= Fk)r) d0+a/ Rdf > 0,

07

N 068
oz

since [R (02 +x) — (1 —k)rs] = 0 from the definition of 6Z. Hence, z increases

underwriting standards in this case and the proposition follows. [J
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The results in Proposition 16 shows that the results in the main text are robust
to the absence of bankruptcy costs. Specifically, the results in Proposition 16 mirror
the ones in the main text for the case of bankruptcy-protected guarantees, which
state that the introduction of the guarantees generally leads to an improvement
in bank underwriting standards, except for those banks with a low level of capital
for which the probability of a panic run is significant. Furthermore, the analysis in
Proposition 16 also shows that the general beneficial effect of loan guarantees on
bank underwriting incentives continue to hold also when the relevant threshold for
the bank is #Z. This demonstrates overall that assuming full bankruptcy costs at
date 2 does not qualitatively affects the results, while it significantly simplifies the

analysis.

11.8. Comparative statics of 0* with respect to L as k — 0

As k — 0, the expression for * in (6) becomes

qre — T

1
qro T 7

L lL 11
7r1:/ dn—i—/ —dn:L<1+/ —dn).
0 L n L n

Recall that 6* is bounded above by 1 since * < 6 < 1. This implies that denominator

=0

where ¢ = 22 and

is bounded below by 0. Formally, we can then rewrite the expression for 8* as follows:

qro — M

max {qrg — 7T1%, 0}

0" =40
Substituting the expressions for § and m; into that for 6* gives:

qm—L(l—i—le %dn) r qm—L(l—i—le %dn)

0" =

)
ﬁm{ ~L (14 fygdn) .0} Fmax{or, = (14 f; dn) 0}
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We now take the limit of the above expression as L — 0, starting with the de-

nominator. As L — 0, 1+ [ Ll %dn — 00. Hence, the denominator goes to zero as

L — 0.
Consider now the numerator. It is useful to rearrange the second term as

1 1+f1%dn
)
L n

L

Using L’Hopital’s rule, the limit is equal to

<1 + le %dn) _1
lim ~———~% = lim —& = lim L = 0.
L—0 7 L—0 —72 L—0

This implies that as L — 0, the numerator goes to gry > 1, while the denominator

goes to 0. Since 22 is bounded below by % > (, the entire expression approaches to

+o00. Hence, for L small enough 6* = 1.
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