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This study examines the effects of a government bailout on corporate disclosure when
a firm is exposed to the risk of investors withdrawing their investments from the firm. The
government bailout affects the behavior of investors, which, in turn, alters the disclosure
behavior of the firm. We find that the firm discloses less (more) than the case without a
bailout when investors have pessimistic (optimistic) beliefs about the firm. These changes
in disclosure decision reduce investors’ expectations about the firm’s fundamentals. There-
fore, the government bailout can increase the likelihood of the firm facing a liquidity crisis
if it distorts the disclosure behavior of the firm. (JEL M40, G01, G28, D82, D83)
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1. INTRODUCTION

Government bailout, or the provision of financial assistance to firms that are
close to bankruptcy, is one of the most prevalent policy measures utilized to over-
come financial crises. As lenders of last resort, many governments consider bailout
plans for firms during financial crises—even if they finally decide not to intervene.
However, although the purpose of these interventions is to restore confidence in the
financial system, concerns about financial markets generally do not easily disap-
pear. Many studies argue that the lack of transparency is the primary reason that
trust is eroded in firms (e.g., Flannery, Kwan & Nimalendran, 2013; Morgan, 2002;
Summers, 2000). For example, the disclosure of the Supervisory Capital Assess-
ment Program results in May 2009 is generally perceived as improving transparency
of U.S. banking firms and thus, as helping to rebuild trust in the financial system.
This raises the question of why firms themselves do not decide to increase their
transparency during crisis periods.

In this regard, the present study develops a model in which a government bailout
interacts with a firm’s disclosure policy. Bouvard, Chaigneau, and Motta [2015]
examine the optimal disclosure by a government regulator facing the problem of
firms’ exposure to investment withdrawals. Specifically, investors in firms decide
whether or not to withdraw their investments based on the regulator’s disclosure.
The regulator, concerned with the long-term viability of firms, chooses its disclosure
policy so as to reduce investment withdrawals from firms. The current model in
this study generally refers to this setting but differs in two respects: First, we study
the disclosure decision of a firm, not a regulator. While the disclosure in Bouvard,
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Chaigneau, and Motta [2015] is not costly to the regulator, the firm incurs a private
disclosure cost in our model. This implies that the firm should compare the benefits
and costs of disclosure. Second, we consider the possibility of a government bailout.
Thus, investors make withdrawal decision based on the amount of the bailout as well
as information disclosed by the firm. By focusing on these two aspects, our study
analyzes how the bailout influences the firm’s disclosure behavior. In addition, we
examine the effects of changes in the disclosure decision on the likelihood of the
firm encountering a liquidity crisis.

With regard to liquidity crises, this study focuses on self-fulfilling crises, that
is, crises that arise from investors’ pessimistic beliefs about future events. This
self-fulfilling nature has attracted attention from researchers, because a firm’s lig-
uidity crisis often results from coordination failure among investors (e.g., Goldstein
& Pauzner, 2005; Morris & Shin, 2008; Oh, 2013; Pereira, 2021). Specifically, we
consider a withdrawal game among investors. In the proposed model, investors in-
vest in a firm’s investment project. They can either withdraw their investments in
the interim stage (in this case, they obtain full repayment) or stay until a return on
the project is realized (in this case, they obtain the return). The return depends on
not only the fundamentals of the firm but also the proportion of investors who with-
draw investments. Thus, investors’ coordinated action on investment withdrawal
influences the likelihood of a firm facing a liquidity crisis. However, considering
this coordination problem often tends to produce multiple equilibrium outcomes,
making it difficult to characterize the withdrawal decision.? We resolve this multi-
plicity of outcomes by employing the global game method introduced by Carlsson
and van Damme [1993]. This method allows for unique equilibrium outcomes, and
thus, the determination of an optimal bailout and disclosure policy.

The government, being aware of the possibility of this coordination failure, has
an incentive to provide capital for a firm based on the information disclosed by the
firm. Following Zwart [2007], we assume that the government seeks to bail out a firm
if it is likely to suffer a coordination failure without additional financial assistance.
This injection of capital improves the firm’s fundamentals, and thus, encourages
investors not to withdraw their investments. In other words, the government bailout
ex post reduces the probability of a liquidity crisis. Nevertheless, the literature on
bailouts has emphasized that the existence of a bailout may alter the firm’s behavior
related to a liquidity crisis. While most studies focus on the monitoring efforts or
the risk-taking behavior of firms (e.g., Dam & Koetter, 2012; Farhi & Tirole, 2020;
Kareken & Wallace, 1978; Keister, 2016; Morris & Shin, 2006), our study examines
how a government bailout influences the firm’s disclosure behavior, which is also an
important coordination factor among investors.? The effects of corporate disclosure
on liquidity crises differ from those of monitoring efforts and risk-taking behavior
in that corporate disclosure affects the behavior of external users rather than the
firm’s fundamentals.

For the corporate disclosure setting, we assume that the firm determines disclo-

2Tt should be noted that such a model with multiple equilibria cannot capture the effects of a
government bailout on the firm’s disclosure behavior because both the government and the firm
make their decisions based on the expected outcomes of investment withdrawals.

3Cordella, Dell’Ariccia, and Marquez [2018] present a model in which a government bailout
affects a bank’s risk-taking and information disclosure. However, they do not consider the coor-
dination problem among investors, which is the present study’s central focus. Specifically, while
the bailout amount is exogenously given in Cordella, Dell’Ariccia, and Marquez [2018], the gov-
ernment in our model chooses a bailout amount to prevent coordination failure among investors.
This implies that the firm has an incentive to change its disclosure behavior to receive a bailout.



sure precision (i.e., the firm’s transparency) to maximize the return on its project.
Once the firm commits to this precision, the firm publicly discloses a noisy sig-
nal about its expected fundamentals with this precision before the government’s
bailout and investors’ withdrawal decisions are made. Hence, the public signal dis-
closed by the firm plays an important role in identifying the equilibrium outcome
of investors’ withdrawal game in this study. The impacts of public information on
the coordination problem among investors have been extensively studied because
investors update their beliefs about the firm’s fundamentals, and conjecture other
investors’ decisions based on the public signal (e.g., Acharya & Ryan, 2016; Beatty
& Liao, 2014; Edmond, 2013; Goldstein & Huang, 2020; Lee & Oh, 2021a; Morris
& Shin, 2002; Oh, 2022). We extend this literature by endogenizing the precision
of public information and investigating the effects of the government bailout on the
firm’s disclosure behavior.*

To understand how a government bailout influences a firm’s disclosure policy,
we first analyze the optimal disclosure precision when the firm does not expect
a bailout. As in the model of Morris and Shin [2001], the proposed model of
this study guarantees the unique equilibrium of investors’ withdrawal game with
a mild condition about the precision of investors’ private information. Under this
condition, we examine the optimal disclosure precision chosen by the firm. The
result indicates that the firm’s transparency is adversely related to investors’ prior
beliefs about the firm’s fundamentals. When investors believe that the state of
the firm’s fundamentals is weak ex ante (i.e., bad times), the firm discloses precise
information on the firm’s fundamentals as long as the disclosure cost is low enough.
Conversely, the firm decides not to disclose any information when investors have
optimistic beliefs about the firm (i.e., good times). This disclosure behavior is solely
driven by the firm’s concern about investment withdrawals, and thus, reduces the
probability of a firm suffering a liquidity crisis.

After demonstrating the firm’s disclosure policy without a bailout, this study
shows that the anticipation of a bailout may alter the firm’s disclosure. Specifically,
we find that disclosure precision can decrease during bad times but increase during
good times if the firm expects a bailout. The intuition behind this result is as
follows: the firm anticipates that the government will inject the resources necessary
to avoid investment withdrawals. Thus, the firm does not have any incentive to
disclose information that would help in restoring investors’ prior beliefs about the
firm. Instead, as a bailout directly increases the firm’s return, the purpose of the
firm’s disclosure is to increase the probability of receiving a bailout. That is, the
firm has incentives (i) to disclose more precise information in good times because the
government only intervenes if it observes negative information with high precision,
and (ii) to disclose less precise information in bad times because the government
intervenes under the investors’ prior beliefs alone. Consequently, if the government

4Indeed, many studies consider the "optimal disclosure games" in which a sender can commit
to his or her disclosure policy (e.g., Alonso & Zachariadis, 2021; Aoyagi, 2014; DellaVigna &
Gentzkow, 2010; Kamenica & Gentzkow, 2011; Kolotilin, 2015; Lee & Oh, 2022). Our study
contributes to the literature by considering a sender’s information design problem with multiple
receivers and costly information acquisition (e.g., Arieli & Babichenko, 2019; Hedlund, 2015;
Inostroza & Pavan, 2021; Kamenica & Gentzkow, 2014). Specifically, in our proposed model, the
firm decides its costly disclosure mechanism to minimize investors’ withdrawals. Further, unlike
the recent literature that has examined the interactions between the government’s bailout policy
and information design (e.g., Faria-e-Castro, Martinez & Philippon, 2017; Inostroza, 2020) or
information design and the firm’s disclosure policy (e.g., Quigley & Walther, 2020), this study
explores how the government bailout affects the firm’s disclosure behavior.
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cannot bail out all firms, then the likelihood of a liquidity crisis can be higher in the
case with a bailout because of the distorted firm’s disclosure behavior. This implies
that a bailout policy that does not include an appropriate disclosure requirement
may aggravate financial stability.?

The remainder of this paper proceeds as follows: Section 2 presents the model.
Section 3 first analyzes a benchmark case in which a firm decides its disclosure
policy without the possibility of a bailout and then demonstrates how the firm’s
disclosure policy is influenced by the anticipation of a bailout. Section 4 defines the
bailout effect on a liquidity crisis and discusses its implications. Section 5 discusses
empirical implications and extensions of our model, and Section 6 concludes. All
proofs are in the Appendix.

2. THE MODEL

We consider three types of risk-neutral agents in our model: a firm, investors,
and a government. The firm has an investment project requiring capital. The
firm’s project is financed only through short-term instruments from investors. The
timing of events (see FIG. 1) is as follows: First, investors invest in the firm’s
project. Second, the firm chooses its disclosure precision («). Third, the firm
publicly discloses information on the project (s). Fourth, the government chooses
the amount of bailout for the firm (m) based on the disclosed information. Fifth,
after observing the public signal and bailout amount, investors receive a private
signal (z;) about the return of the project. Sixth, investors decide whether to
withdraw their investments from the firm. Seventh, the return on the project is
realized and distributed to the remaining investors. We describe the details of each
event below.

5For the issue of financial stability, see also Allen, Carletti, Goldstein, and Leonello [2018],
who analyze the effects of government guarantees on the liquidity creation of banking firms. They
show that the government guarantees can increase the probability of banking firms facing large
withdrawals if banking firms over provide liquidity insurance in response to the guarantee. Our
argument that a bailout can increase withdrawals is in line with their conclusion, although we
focus on the disclosure behavior of firms.



Initially, investors provide the firm with financing for the long-term investment
project. The group of investors consist of a continuum [0, 1] of small investors such
that the share of any investor as a whole is negligible. All investors invest one unit
of capital in the project. The project is characterized by the state of the firm’s
fundamentals, r, which represents the profitability of the project. A high r value
indicates a better return on investment.

After the financing of the firm’s project is undertaken by investors, the firm
publicly discloses a signal related to . This public signal can be interpreted as
corporate disclosure: the firm disseminates information on the project via its dis-
closure policy. However, the firm’s disclosure does not fully reflect the state of
the firm’s fundamentals.® Specifically, we assume that r = 6 4 1) consists of two
parts: 6 is the component of fundamentals captured by corporate disclosure, and
1 is the residual information not captured by the disclosed signal. The residual
part of fundamentals, ¢ is normally distributed with mean zero and variance 1/~
so that 0 represents the average quality of the firm’s project. The value of 6 can
be either §, (for a good-quality project) with probability p or 6, (for a bad-quality
project) with probability 1 — p, where 6, > 6, and 0 < p < 1. The public signal of
6, denoted by s, also can take two values, sy (high signal) or s;, (low signal).”

The firm can choose the precision at which it will disclose a public signal. We
assume that the disclosure precision is committed by the firm and becomes common
knowledge to other agents.® That is, after choosing the disclosure precision, the firm
should disclose a public signal s € {sp, s} with that precision. If the disclosure
precision is a, then the conditional probabilities of signals for different project types

are as follows:
1+«

2 )

where 0 < o < 1 and g (b) represents that the project is good (bad). After observing
a signal, the government and investors update their beliefs about the value of 6.
The posterior beliefs are given by

Pr(sy | g] = Pr[s. | b] =

(I1+a)p
Prlglsn] = ———5 — P

(I-—a)p
Pr[ngL] = 1+a_2ap’

The signals provide the following information about the project type: a high (low)
signal leads to a higher posterior probability of the project being a good (bad) one
(i.e., Pr[g|su] > p > Pr[g|sc]). As « increases, Pr[g|sp] increases and Pr[g | sy]

6In general, firms use various channels to report financial or non-financial information. How-
ever, firms cannot disclose all relevant information owing to a measurement issue or costs of
disclosure (e.g., Healy & Palepu, 2001; Ittner & Larcker, 1998; Leuz & Wysocki, 2016). For exam-
ple, although many public traded firms do not disclose customer satisfaction, Fornell, Morgeson,
and Hult [2016] find that customer satisfaction has a significant effect on firms’ stock returns.

"It should be noted that we assume the binary state of nature 6 € {0,,0,} in the model.
Unlike our approach, Kamenica and Gentzkow [2011] investigate the optimal disclosure policy
under multiple states of nature. They show that the results for a binary state can be applied to
the case of arbitrary state spaces. As an interesting direction for future research, we would extend
the current model to a case in which 6 can take more than two values.

8 As argued in Admati and Pfleiderer [2000] and Zhang [2021], altering the disclosure mecha-
nism is costly and time consuming because firms’ information systems and the internal control
procedures cannot be easily adjusted in the short term. These difficulties of changing disclo-
sure policy indicate that the firm has limited discretion to choose precision based on its private
information.



decreases, implying that signals become more informative. On the one hand, when
a = 0, the signals reveal no information, and thus, the government and investors
retain their prior beliefs about the project type (i.e., Pr[g|su] = p = Pr[g|sL]).
On the other hand, when a = 1, the signals are perfectly informative for knowing
the type of project (i.e., Pr[g|sy] =1 and Pr[g|sy] = 0).

The firm incurs a private disclosure cost in choosing the precision « (e.g., Berger
& Hann, 2007; Ellis, Fee & Thomas, 2012; Verrecchia, 1993). The cost may be the
building costs of an accounting system to gather information, payment for verifying
reports, or loss of competitive advantage in an industry.® Specifically, following
Admati and Pfleiderer [2000], we assume that the cost of disclosure is ¢, o, where
Co > 0. The firm chooses the precision of the signal to maximize the expected
return on its project, considering the disclosure cost.'®

The return on the firm’s investment project depends on three factors: its fun-
damentals (r), the amount of the government bailout (m), and the proportion of
investors who withdraw investments from the firm before the return is realized (1).
When there is neither a bailout nor withdrawals (i.e., m = [ = 0), the project
generates a per-unit return that equals the state of fundamentals, r. However, if
investors withdraw their money, the firm’s project has to be downsized or even
pushed into default. In other words, early withdrawals negatively affect the return
on the project, whereas the government bailout has the opposite effect by providing
the firm with capital. Formally, the net return on the project equals r +m — 2¢l,
where ¢; > 0 captures the cost of early withdrawals. This specification is similar
to that of Morris and Shin [2001] in that a coordination problem among investors
(i.e., a high [ value) may result in the failure of the project (i.e., r +m — 2¢,l < 0).
As the project with a higher value of ¢; is more likely to fail due to a coordination
failure among investors, we refer to ¢; as the strategic complementarity parameter.

The government can inject capital into a firm that is likely to suffer a coordi-
nation failure. The purpose of the bailout is to minimize the social loss caused by
investors’ withdrawals from a fundamentally sound firm. As mentioned in Zwart
[2007], we consider two principles of the government’s bailout policy: First, the
government provides a bailout only when it expects that the firm is fundamentally
sound (i.e., E[r] > 0), but there is a possibility that the firm itself might not be able
to resolve the coordination problem (i.e., E[r — 2¢;l] < 0 without the government
bailout). Second, the government is concerned about its fiscal balance. Thus, it
wants to provide the smallest bailout possible so that the firm’s project does not
fail (i.e., B[r +m — 2¢l] > 0). After observing the public information disclosed by
the firm, the government chooses the amount of the bailout to achieve its goals.'!

9Zhang [2021] shows that competition among financial institutions exposed to rollover risk may
make them more opaque. Similarly, Oh and Park [2019] find that the possibilities of a new firm
entering a market can create incentives for an existing firm to reduce disclosure of their product
quality.

107t should be noted that whether the firm observes its fundamentals (i.e., r) or not does not
affect the firm’s disclosure policy because disclosure itself is not related to fundamentals.

11 Alternatively, we can model the government’s payoff function as in Morris and Shin [2006]:
the government’s objective is to minimize 2¢;l + 7m, where 7 > 0 is a cost of a bailout. This
objective function captures the social loss from a coordination and the cost of a bailout. Indeed,
as long as the bailout cost is sufficiently small (i.e., 0 < 7 < 2), the government’s behavior is the
same (see Proposition 3).



The government decision is then described as followed:

(5, ) inf{m : E[r + m — 2¢/l|s,a,m] >0} if 0 < E[r|s,a] < 2¢E[l|s, a,m =0,
s 0 otherwise.
(1)

Here, we assume that investors make withdrawal decisions after observing the
bailout decision of the government, following the previous studies on bailouts (e.g.,
Morris & Shin, 2006; Wang, 2013; Zwart, 2007). As mentioned in Wang [2013],
bank run indices increased after the announcement of the Troubled Asset Relief
Program (TARP) in 2008. He also shows that the stock price abnormal returns of
banks decrease after bailout announcements, implying that investors’ withdrawals
could happen after the intervention of the government. Instead, one could assume
that the bailout decision is determined after investors’ withdrawals. In this case,
the anticipation of a bailout eliminates the incentive for investors to withdraw
investments as in Allen, Carletti, Goldstein, and Leonello [2018]. However, because
our modeling choice is to highlight the government’s capital injection to prevent
coordination failures among investors, we focus on investment withdrawals after a
bailout announcement.

Specifically, following Morris and Shin [2001], there are two periods in this
withdrawal game: period 1 (interim stage) and period 2 (maturity). In period 1,
investors have an opportunity to review their investments. Hence, in this period,
each investor has to decide whether to withdraw his or her investments. If an
investor keeps his or her investments until period 2, then he or she earns a return
on the project. However, an investor who withdraws the investments in period 1
receives full repayment of his or her investments.'> The payoffs to an investor are
summarized in the following table:

Stay Withdraw
Payofft 1+ r+m —2¢l 1

To derive the equilibrium of the government’s bailout policy and the firm’s
disclosure policy, we should first characterize investors’ withdrawal decisions. How-
ever, as noted by Obstfeld [1996], multiple equilibrium outcomes may arise when
investors know the value of the part of the fundamentals not included in the cor-
porate disclosure (i.e., ¥). Given the value of s and m, the investors’ optimal
strategy is as follows. If ¢» > 2¢; — E[f|s] — m, then all investors stay regardless
of other investors’ decisions, because the project would yield a positive return on
average even if all other investors were to recall their investments. Conversely, if
1 < —IE[f| s] —m, then it is optimal for investors to withdraw investments, because
the project has a non-positive expected return even if all other investors did not
withdraw. When ¢ € (=E[0|s] — m,2¢; — E[0|s] — m], a coordination problem
arises among investors. In other words, the equilibrium outcomes are driven solely
by investors’ beliefs about the decisions of other investors: if all other investors
stay, then the project succeeds, and thus, staying is optimal; on the other hand, if

12 A vast literature has emphasized that banking firms are vulnerable to such early withdrawals
(e.g., Acharya, Gale & Yorulmazer, 2011; Acharya, Schnabl & Suarez, 2013; Bouvard, Chaigneau
& Motta, 2015; Gorton & Metrick, 2012). Thus, the assumption of investment withdrawals is
especially suitable for banking firms. Nevertheless, we believe that our analysis also applies to
non-banking firms because they are often exposed to rollover risk (e.g., Goldstein & Huang, 2020;
Lee & Oh, 2021b; Morris & Shin, 2004; Oh & Park, 2022).



all other investors recall investments, then the project fails, and thus, early with-
drawal is optimal. Therefore, investors’ common knowledge of i leads to multiple
equilibrium outcomes.

We resolve this multiplicity of equilibria by applying a global game method in
which ¢ is not common knowledge. Instead, before investors decide whether to
withdraw investments, each investor privately receives imperfect information on .
Specifically, each investor i receives a noisy private signal: x; = ¥ + €;, where ¢;
is normally distributed with mean 0 and variance 1/8. The noise terms {e;} are
independent of each other.

The global game method allows us to obtain a unique equilibrium for the rollover
game played among investors. Moreover, previous studies on global games point
out that uniqueness carries over to a limiting case as long as investors’ private infor-
mation is precise enough. Because our main interest is not investors’ withdrawals
but the interactions between a bailout and disclosure, we take the limit as the pre-
cision of ¥ (i.e., ) goes to infinity but the precision of ¢; (i.e., 5) keeps the pace
face enough to ensure uniqueness, satisfying v2/8 — 0. The limiting case keeps
our analysis tractable to investigate the effects of the bailout on disclosure. There-
fore, throughout the paper, we focus on the limiting case when analyzing investors’
withdrawals.

A strategy for investors is a decision rule that maps each realization of {z;, s, m, a’}
to an action, that is, withdrawing investments or not. Similarly, a strategy for the
government is a decision rule that maps each realization of {s,a} to an amount of
the bailout m; a strategy for the firm is a decision rule to choose a disclosure preci-
sion a. An equilibrium consists of (1) the firm’s optimal disclosure precision (a*);
(2) the government’s optimal bailout (m*(s,a*)); and (3) the investors’ switching
private signal (z};(m, a*), where j = H if s = sy and j = L if s = s,), satisfying
the following conditions:

1. Based on (1) the amount of the bailout m; (2) the disclosed public signal
s = s; with precision a; (3) the private signal z;;, every investor i who
observes a signal z;; below z};(m, ) withdraws investments;'?

2. Based on the disclosed public signal s = s; with precision «, the government
chooses the amount of bailout m*(s;, a) to satisfy Equation (1);

3. Given the investors’ switching signal z7;(m, a) and the amount of the bailout
m*(s;,a), the firm chooses the disclosure precision o* to maximize Er —
2¢l(x};(m*(s), a), @) + m*(sj, )] — cacr.

3. SOLVING THE MODEL

In this section, we first analyze a benchmark case in which the government
commits never to bail out the firm. This model allows us to focus on the effects of
disclosure on coordination among investors and the trade-off relationship between
the benefits of reducing withdrawals and costs of disclosure. We then examine how
the anticipation of a bailout affects the firm’s disclosure behavior. The analysis
highlights conditions under which the government bailout alters the precision of
information disclosed by the firm.

13The global game literature shows that this type of strategy survives the iterated deletion of
dominated strategies only under the uniqueness condition (e.g., Morris & Shin, 2003; Oh & Baek,
2015; Vives, 2005). Thus, we confine our attention to switching strategies.



3.1. Baseline: Equilibrium without Bailout

When there is no government bailout, an equilibrium means (1) the firm’s op-
timal disclosure precision (ay ), which maximizes the firm’s payoff, and (2) the
investors’ switching private signals (:cz‘j, where j = H or j = L), below which they
withdraw investments. The model is solved by backward induction. Specifically,
we first characterize the investors’ withdrawals given the public signal and its pre-
cision. Using the equilibrium values for the investors’ withdrawal game in the limit
case (i.e., v — oo, B — 00, and v2/B — 0), we calculate the optimal precision for
the firm.

8.1.1. Investors’ withdrawal decision

After obtaining the public signal and private signals in period 1 (i.e., s; and
x;), each investor has to decide whether to withdraw their investments or not. At
z; = xj;, the investor is indifferent between these two options, which implies that
the expected payoff from staying equals the payoff from withdrawing:

0 :E[r72011|mi:x;‘j,sj,a]. (2)

Payoff from withdrawing

Payoff from staying

Under the uniqueness condition in which the precision of the private signal is large
72 (v+8) <)

» B(y+2B) T 27

we obtain unique equilibrium values z7; by using the following indifference condi-

tion:

enough relative to the underlying uncertainty on the project (i.e.

2
PROPOSITION 1. Provided that \ := gégizg %, a unique equilibrium exists

for the rollover game played among investors (i.e., xfj) The unique equilibrium
value is determined by

uj+ﬁ+ Gt (3)

Tk VABTE
6 Y —QCl(I) L :0,
v
where pj = Pr(g| s;]0,+Pr[b]| s;]0y is the conditional expectation of 0 given the pub-
lic signal s; and the disclosure precision o, and ®(-) is the cumulative distribution
function of the standard normal distribution.

Indeed, Proposition 1 guarantees the existence and uniqueness of the equilib-
rium for rollover game played among investors. However, because the investors’
switching private signals (i.e., z};) are implicitly determined by Equation (3), it is
difficult to analyze the firm’s disclosure decision with Proposition 1 itself. Instead,
as mentioned earlier, we examine the following limiting case to keep our analysis
tractable:

COROLLARY 1. In the limit in which underlying uncertainty on the project be-
comes very small and the private signal becomes very precise (i.e., f — 00, 7 — 00,
and A — 0), every investor withdraws investments if and only if the expected prof-
itability of the project is less than the strategic complementarity parameter (i.e.,

py < cp).

This corollary implies that the proportion of withdrawals is determined by the
expected profitability (i.e., ;) and the strategic complementarity parameter (i.e.,



¢;). In other words, investors are more likely to recall their investments when the
expected value of the firm’s fundamentals is not high enough to endure the strategic
uncertainty about other investors’ decisions. Note that if there is only one investor
in the firm (i.e., no strategic uncertainty), then the withdrawal decision is socially
optimal, that is, the investor chooses to withdraw from the firm if and only if 1; < 0.
Therefore, firms with p; € (0, ¢;) suffer large withdrawals simply because investors
believe that the project is going to fail.

3.1.2. Firm’s disclosure decision

When investors decide whether to withdraw investments from the firm, they
should consider all available information, including both public and private signals
about the firm’s fundamentals (i.e., z; and s;). Moreover, the informativeness of
the signal is determined by the disclosure precision chosen by the firm (i.e., ).
Hence, although the disclosed signal is the same, the outcome of the project is
different depending on the firm’s disclosure. Based on the investors’ equilibrium
given by Equation (3), the expected payoff to the firm is as follows:

Iyp(a):=E[r—2ql|a] — cqa (4)

e { ) Pron ) POl 0]
+11,(0) - [Pr(g) Pr(s | g) + Pr(b) Pr(sp [b)] [~

— = [(1 - a+2ap)lg(a) + (1 +a - 2ap)l(a)] - caay,

where 1 = pfy + (1 — p)by is the unconditional mean of 8 and Iy («) (Ir(c)) is the
proportion of withdrawals if the disclosed signal is sy (s1,). The firm chooses « to
maximize II%, 5 (), and thus, the optimal disclosure precision o’y 5 is given by

ayp = arg maxae[o,l]HNB(a)-

Here, to focus on more interesting cases, we assume the following:

0<bp << < b,.

99 + 0,
2
Assumption 0 < 0, implies that early withdrawals are always inefficient, that is,
the net expected return of the project is greater than zero in the absence of the
coordination problem among investors.'* We also assume that if investors perfectly
know the type of project, then a firm with a bad project faces early withdrawals
(6 < ¢;), whereas a firm with a good project does not (¢; < 8,). Furthermore,
when the expected profitability is low (u < ¢;), investors believe that the project
is more likely to be bad than good (¢; < (6, + 05)/2).1> These assumptions make
the proportion of investors withdrawing investments critically dependent on the

disclosure precision.

14 Alternatively, the assumption 6, < 0 indicates that the firm with a bad project is not fun-
damentally sound. In this case, the government is less likely to bail out a firm whose signal is
of a low type. This, in turn, implies that the firm tends to reduce the disclosure precision when
investors have optimistic beliefs about the firm (see Proposition 4). It requires us to analyze more
cases in Proposition 4, but does not change our results qualitatively.

15This assumption simplifies the case for the firm’s optimal disclosure precision without bailout
(see Proposition 2). However, our results are qualitatively the same even if we assume ¢; >
(0g + 0p) /2: the firm chooses the precision that minimizes withdrawals as long as the cost of
disclosure is not too high.
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We now discuss the graph of Il yp(a) under this assumption. It depends on Ig
and [y, that is, the response of investors to the firm’s disclosure. By Corollary 1,
the proportion of withdrawals equals one if the expected profitability of the project
is less than the cost of withdrawals (i.e., u; < ¢;) and zero otherwise. Thus, we
need to examine how p; changes in o. We consider two cases: p1 > ¢; and p < ¢;.

If i > ¢, then the expected profitability conditional on the high signal exceeds
c; regardless of the value of « as the high signal conveys positive information on
the project (i.e., ug > p > ¢;). Meanwhile, if the disclosed signal is of a low type,
then the conditional mean of 6 is below the unconditional mean (i.e., uz, < g). This
conditional mean further decreases with the precision of the signal; specifically, if the
low signal perfectly reveals the value of 8, then all investors withdraw investments
(e, ur, = 6y < ¢;). As a result, if g > ¢, then the firm makes no effort to
improve the disclosure precision, because this effort only increases the proportion
of withdrawals.

Meanwhile, if p < ¢;, then the firm choosing a = 0 certainly faces large with-
drawals. The firm has an incentive to increase the precision of the signal in this case.
In particular, on the one hand, when the signal is perfectly informative, investors
keep their investments if the disclosed signal is of a high type (i.e., pg = 04 > ¢;).
On the other hand, a low signal does not increase withdrawals regardless of «, be-
cause the expected profitability of the project is already bad (i.e., pr < p < ¢).
Thus, it is optimal for the firm to improve the disclosure precision until investors
observing the high signal no longer withdraw. However, the effort to enhance the
precision of the signal is costly, and therefore, the firm determines the optimal pre-
cision a* by trading off the benefit of reducing withdrawals against the disclosure
cost. These arguments are summarized in the following proposition:

PROPOSITION 2. Let prVB and p{)VB be the investors’ prior beliefs about the
firm’s project such that

M(pf;VB) = pf,VBGg +(1- pf]VB) Oy = c

and

1 .
ag = = QP{)VB T ela for ag satisfying pu(aw) == Prglsy, au]0,+Pr[blsy, an] by = ¢.

Then, the optimal disclosure precision without bailout, oy 15

0 ifp=p)";
=qan ifppP <p<p)F; (5)
0 if p < pl¥B.

ES
aNB

FIG. 2 illustrates the optimal precision as a function of the prior beliefs about
the firm’s project, p, assuming ¢; = 1, ¢, = 0.3, 0, = 2, and 6, = 0.1. First, when p
is very low (i.e., p < pi'?), the optimal precision is zero. In this case, the firm should
disclose a sufficiently precise signal to restore investors’ confidence in the project
(i.e., & > ay) because they believe that there is a high probability of the project
being bad (i.e., u < ¢;). The cost of such disclosure is greater than the benefit of
reducing withdrawals, and thus, the firm chooses not to disclose, that is, a3z = 0.
Second, when p lies in an intermediate range (i.e., pi'? <p < pf)VB), the optimal
precision jumps discontinuously and decreases linearly. The firm discloses the public
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signal with precision ayy, because the benefit from preventing withdrawals is now
greater than the disclosure cost. The optimal precision ap is decreasing in p as
a large p implies that investors have more optimistic beliefs about the project.
Finally, when p is very large so that p Zpév B the optimal precision remains zero.
Intuitively, although the firm does not disclose any information, all investors keep
their investments owing to their optimistic beliefs about the firm (i.e., p > ¢).
Thus, it is optimal for the firm not to undertake a costly effort to improve precision.
This disclosure behavior described in FIG. 2 is consistent with prior literature on
disclosure such as Bannier and Heinemann [2005] and Quigley and Walther [2020].1¢

3.2. Equilibrium with Bailout

In this subsection, we analyze the influence of a government bailout on corpo-
rate disclosure described in Proposition 2. The model is also solved by backward
induction. In other words, we first obtain the switching private signals conditional
on the government bailout and the public signal. Next, we characterize the gov-
ernment’s bailout policy using the equilibrium values for investors in the limit case
characterized by Corollary 1. The firm’s disclosure decision is then determined by
the bailout amount and the proportion of withdrawals.

3.2.1. Government’s bailout decision

The withdrawal game among investors is very similar to that discussed in Sub-
section 3.1.1. The only difference is that after the government provides capital m
to the firm, the state of the firm’s fundamentals becomes r + m. By substituting
this into Corollary 1, we obtain the following corollary:

COROLLARY 2. After observing the amount of the bailout, every investor with-
draws investments if and only if the sum of expected profitability of the project

16Regarding an empirical evidence, Bergman and Roychowdhury [2008] report that firms’ man-
agers increase long-term earnings forecasts during low-sentiment periods, while they reduce these
forecasts during high-sentiment periods.

12



and the bailout amount is less than the strategic complementarity parameter (i.e.,
By +m< Cl).

Given the investors’ withdrawals conditional on the bailout amount, the gov-
ernment can decide its optimal bailout policy. Recall that the government has the
following objectives: (1) to bail out a firm that is expected to be fundamentally
sound (i.e., E[r|s,a] > 0); (2) to bail out a firm that is expected to suffer with-
drawals without additional capital (i.e., Blr — 2¢l < 0|s,a,m = 0]); and (3) to
provide the smallest amount of capital that leads to a positive expected return on
the project. Then, the government’s optimal bailout amount is as follows:

PROPOSITION 3. The optimal amount of bailout given the public signal is

m* 0 if > a,
a—pj if py € (0,c).

(6)

The intuition of the government’s optimal bailout policy given by Equation (6)
is similar to that of Morris and Shin [2006]. Based on the disclosed information
about the firm, the government provides a bailout whenever a coordination prob-
lem among investors leads to the failure of the project yet the state of the firm’s
fundamentals is sound. The amount of bailout is just enough to ensure that the ad-
ditional capital is sufficient to prevent inefficient withdrawals, that is, m* = ¢; — ;.
Finally, note that the expected return on the project with p; € (0,¢;) increases to
pi +m* — 2¢l = ¢;. Hence, the government bailout provides insurance against the
risk of disclosing bad news (i.e., ur < ¢).

3.2.2.  Firm’s disclosure decision

With the anticipation of a bailout, the firm’s payoff differs from Equation (4)
in two respects: First, the state of the firm’s fundamentals now becomes r + m*
instead of r. Because the amount of the bailout is a function of x5, the firm should
consider this fact when setting its disclosure policy. Second, the proportion of
investors who withdraw their investments is always zero regardless of the disclosed
signal owing to assumption 0 < 6, and the government’s bailout policy. In other
words, the government always provides capital for firms that are expected to face
large withdrawals, because all firms are fundamentally sound. In summary, the
firm’s expected payoff is

Ip(a) :=E[r+m* —2ql|a] — coae = p+E[m* | a] — cqon. (7)

Similar to Subsection 3.1.2, we analyze Equation (7) by separating two cases,
1> ¢ and p < ¢. Consider the case in which g > ¢ first. In this case, the firm
may have an incentive to disclose precise information, which is in contrast to the
situation in which the government commits never to bail it out. Although a precise
low signal leads investors to lower their expectation for the firm’s fundamentals,
the government eliminates the possibility of withdrawals by injecting capital into
the firm. Hence, the return on the firm’s project increases by the amount of the
bailout after disclosing the bad news. The firm determines its optimal precision by
trading off this benefit and the cost of disclosure. On the contrary, when u < ¢, a
precise high signal reduces the bailout amount because it implies that the state of
the firm’s fundamentals is not as bad as expected. Thus, the optimal precision can
be either too high or too low compared to the case without a bailout. The following
proposition summarizes these arguments:

13
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Then, the optimal disclosure precision with bailout oy is

if p>p)? and p >pl;
if p>pP and p <pl;
if p<py® and p >py;
ifp<pf]VB andp<pbB.

(8)

S = = O

FIG. 3(a) shows the optimal precisions o}, 5 and a7, as a function of p assuming
c=1,¢,=03,0, =2, and 0, = 0.1. There are two noteworthy ranges of p: First,
when the prior belief is pessimistic (i.e., p < pév B), the firm should disclose precise
information to improve the investors’ beliefs (i.e., @ > ap). However, when pév B <
p < pf, no information is disclosed if the firm anticipates a bailout (i.e., aly = 0).
In other words, the government bailout makes the firm opaque. The imprecise
information does not improve expectations about the firm’s fundamentals, and
thus, the firm needs a bailout to prevent investors from withdrawing investments.

This bailout effect on disclosure decreases when the cost of disclosure (i.e., cy)
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becomes smaller because the firm can raise the disclosure precision at a lower cost
(see FIG. 3(b)). Second, when p lies in the range pf}VB <p< pf, the firm that
anticipates a bailout fully discloses its information. For this range, the firm chooses
high precision to ensure that it receives a bailout when a bad signal is disclosed,
even though investors’ prior belief is that the fundamentals are relatively good (i.e.,
p > pév B or u > ¢;). If the firm discloses a precise low signal, then investors lower
their expectation for the firm, which would lead to investment withdrawals without
a bailout. Thus, the highest precision has the potential to trigger coordination
failure, as addressed in many studies on transparency (e.g., Banerjee & Maier,
2016; Bouvard, Chaigneau & Motta, 2015; Liang & Zhang, 2018).7

Overall, a firm that anticipates a bailout seeks to receive it by choosing a level
of precision that increases the probability of conveying bad information about the
firm’s fundamentals.'® Indeed, several empirical evidence supports our prediction.
Flannery, Kwan, and Nimalendran [2013] show that historically, banking firms are
more opaque than non-banking firms during crisis periods, but not during normal
periods. Moreover, the 2008 amendment to the International Accounting Stan-
dard (IAS) 39 provides empirical evidence of the applicability of the results of this
proposition. During the 2008 financial crisis, the European Commission pressed the
International Accounting Standard Board (IASB) to suspend or weaken fair value
accounting of financial assets.!” As a result, the IASB amended IAS 39 to weaken
the fair value requirements on October 13, 2008. This amendment allows banks to
reclassify their financial assets into categories that require less fair value account-
ing. On the same day, European governments announced a €2 trillion bailout
plan for banks. The weakened fair value requirement and the bailout plan indicate
that banks had more discretion to choose a level of precision and anticipation of
a bailout, which is consistent with the proposed model’s assumptions. Indeed, ac-
cording to Acharya and Ryan [2016], large banks exploited this amendment and
received a sizeable bailout. However, many studies suggest that relaxing the fair
value requirements led to less timely disclosure of banks’ fundamentals, and conse-
quently, could not restore investors’ confidence (e.g., Badertscher, Burks & Easton,
2011; Ball, 2008; Laux & Leuz, 2010). This disclosure behavior of large banks is in
line with the result of our model.

4. GOVERNMENT BAILOUT EFFECTS

In the previous section, we assume that the government always bails out the
firm that discloses a low signal about the expected return on the firm’s project.
As a result, the probability that investors withdraw their investments from the
firm is always zero. In reality, however, the government cannot rescue all firms
in trouble, as bailouts are funded through taxation or sovereign bonds. Both are
costly to the government in that they may lead to a deadweight loss or an increase

171t should be noted that, as FIG. 3(b) illustrates, the range of this region increases when the
disclosure cost decreases.

180f course, if the government commits to its bailout based on the firm’s disclosure policy, then
the firm will choose an optimal disclosure precision to minimize withdrawals. For example, if the
government commits to bail out only the firm disclosing accurate information in bad times but
withholding information in good times (i.e., « = ap if p < ¢; and o = 0 if p > ¢;), then the firm
will choose the optimal precision to minimize withdrawals.

19Fair value accounting has been blamed for exacerbating the crisis by injecting excessive volatil-
ity into the price of financial assets. Specifically, Plantin, Sapra, and Shin [2008] present a model
in which fair value accounting can trigger fire sales and illiquidity of these assets.
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of sovereign credit risk (e.g., Acharya, Drechsler & Schnabl, 2014; Faria-e-Castro,
Martinez & Philippon, 2017; Konig, Anand & Heinemann, 2014; Leonello, 2018). In
this regard, following Cordella, Dell’Ariccia, and Marquez [2018], we now examine
the probability of the firm experiencing large withdrawals under the assumption
that the government bails out the firm with probability ¢ € (0,1) if a bad signal
is disclosed.?’ That is, the government provides no capital for the firm when it
anticipates that there will be no investment withdrawals without a bailout (i.e.,
w;i > ¢;). The bailout is implemented with probability ¢ only when the firm is
expected to suffer large withdrawals without the government’s intervention (i.e.,
m = ¢ — p; with probability ¢ given that p; < ¢;). Then, we are interested in
the difference in the expected value of withdrawals with a bailout and without a
bailout (i.e., bailout effect):

BE :=E[l|ag(q), q] —E[l|ayp], 9)

where a¥; 5 is the optimal precision defined by Equation (5), and af(g) is the
optimal precision conditional on the probability of a bailout (i.e., ¢). Here, BE > 0
(BE < 0) implies that the government bailout has a negative (positive) effect on
the proportion of investors who keep their investments, respectively.

An increase in the probability of a bailout has two opposite effects on the ex-
pected value of withdrawals. Intuitively, the higher the probability that the gov-
ernment will provide capital for the firm, the lesser the proportion of investors
withdrawing investments because the additional capital improves the firm’s funda-
mentals. On the contrary, as discussed in Subsection 3.2.2; the anticipation of a
bailout creates an incentive for the firm to rely on the bailout rather than to choose
a precision that minimizes withdrawals. As a result, these two effects of the bailout
determine the sign of BE. The first effect dominates the second effect in general,
and hence, the existence of a bailout reduces the expected value of withdrawals.
However, there are cases in which the second effect dominates the first effect; that
is, the presence of a bailout increases the probability that investors withdraw their
investments from the firm.

PROPOSITION 5. When the government bails out the firm with probability q, the
expected values of withdrawals without a bailout and with a bailout are

0 if > a
Ell|axp] = ¢ 3(1+ ag —2agp) if p<c and ayp = an; (10)
1 if p <c and ayg =0,

20 Although we do not explicitly model the decision problem of the government, the bailout
probability ¢ captures the assumption that the government implements a bailout plan only when
the social loss of firms’ crises is expected to be large. For example, Corona, Nan, and Zhang
[2019] microfound the government’s bailout decision. In their model, the government bails out
firms only when the proportion of firms facing crises is large enough so that firm failures have
significant negative effects on the economy. Under this bailout rule, each firm faces uncertainty
about whether it obtains a capital injection from the government because the firm cannot fully
know how many other firms will suffer crises. Similarly, if the social loss of the firm’s crisis is
uncertain, then the firm expects that the government provides capital with a probability.
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and

0 if p> ¢ and af(q) = 0;

(I-p)(1—-q) if p> ¢ and op(q) = 1
Ell|ap(q),ql = 31+ ag —2app)(1—q) if p<c and af(q) = ag; (11)

(1-p)(1—9q) if w< e and a(q) =1,

(1-9q) if p < ¢ and af(g) =0,

respectively. Therefore, the anticipation of a government bailout can increase the
ex-ante probability that investors withdraw investments (i.e., BE > 0) when the
firm becomes opaque in bad times (i.e., al(q) < ayp and p < ¢;) or becomes
transparent in good times (i.e., af(q) > akg and p > c).

The intuition behind this proposition is based on the changes in the firm’s dis-
closure behavior. As noted in Subsection 3.2.2, there are two possibilities by which
the optimal precision with a bailout increases the expected value of withdrawals:
(1) being opaque in bad times (i.e., a3 = 0 < ayz when u < ¢;) (see FIG. 4(a));
and (2) being transparent in good times (i.e., a3 =1 > alyz = 0 when p > ¢)
(see FIG. 4(b)).

FIG. 4(a) shows that BE is positive when investors have relatively pessimistic
prior beliefs about the firm (i.e., p is low). For this range of prior beliefs, the
firm should make a considerable effort to increase its precision to restore investors’
confidence in the firm’s project. However, a low signal may be disclosed even
though the firm chooses high precision, which implies that the firm does not obtain
any compensation for costs related to the disclosure in this case. This possibility
of disclosing a low signal becomes a risk to the firm in improving its disclosure
precision. Because we assume that the government cannot always rescue the firm,
the anticipation of a bailout does not perfectly eliminate the risk. By contrast,
because deciding to disclose nothing is costless in our model, it is optimal for the
firm to become opaque in expectation of a bailout rather than to take such a risk.
In other words, the government bailout and the cost of disclosure make the firm risk
averse in choosing a precision to reduce withdrawals. This results in an increase of
expected withdrawals in FIG. 4(a).

Meanwhile, FIG. 4(b) illustrates the bailout effect assuming ¢, is low but ¢ is
high. We observe that BE is positive when investors have relatively optimistic
prior beliefs about the firm (i.e., p is high). As discussed in Subsection 3.2.2, the
firm chooses the highest disclosure precision for this range of p, although the firm
should not disclose information to minimize the proportion of withdrawals. This
disclosure policy is a risky strategy for the firm, because disclosing a precise low
signal may lead to large withdrawals. However, if the cost of disclosure is low, then
the possibility of a bailout reduces the risk of announcing bad information, and
thus, the firm seeks to receive a bailout even choosing a level of precision that does
not improve the investors’ beliefs about the firm. An increase in the expected value
of withdrawals results from this disclosure policy.

The results of Proposition 5 provide a better understanding of the effects of
the government bailout on corporate disclosure, and in turn, on the stability of
the financial system. Specifically, our results are closely related to the disclosure
behavior of banking firms during financial crisis periods. It has long been argued
that banking firms are often exposed to the sudden withdrawals of capital, as their
assets are typically financed by short-term instruments (e.g., Acharya, Schnabl &
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Suarez, 2013; Gorton & Metrick, 2012). If a large group of investors withdraws
investments from a firm solely based on fear that the firm’s project will fail, then
the firm might face a liquidity crisis. Among various causes of liquidity crises
due to this coordination failure, bank opacity has been emphasized in the banking
literature as the primary cause. In other words, the lack of transparency on a firm’s
fundamentals leads investors to lose confidence in the firm, and thereby, exposes
the entire financial system to bank runs, contagion, and other strains of systemic
risk (e.g., Morgan, 2002). In this regard, our analysis suggests the anticipation of a
bailout as a factor of bank opacity: When firms expect bailouts, they might become
too opaque if investors have pessimistic beliefs about the firm.

5. EMPIRICAL IMPLICATIONS AND EXTENSIONS

In this section, we discuss empirical implications and extensions of our model.
We start out with discussions on the firm’s and government’s disclosure policy. We
then relate our analysis to other approaches, namely assumptions on the firm’s
disclosure policy and the government’s bailout policy.

The main prediction of our analysis is the association between investors’ be-
liefs about the firm and the firm’s disclosure precision. For example, if investors’
sentiment is pessimistic about the firm, the firm’s disclosure quality is lower when
it anticipates a bailout (e.g., Bergman & Roychowdhury, 2008; Hribar & Mclnnis,
2012; Reeb & Zhao, 2013). Another implication is that such disclosure behavior
of the firm worsens investor coordination. That is, the withdrawal of investments
could increase after the firm announces information about its fundamentals. Fur-
ther, these two hypotheses are more significant when the firm is more exposed to
the risk of investors’ withdrawals (e.g., in banking industries) or the government is
more likely to implement a bailout policy (e.g., during financial crises).

Our analysis also has an implication for the government’s disclosure policy. In
practice, the government acts not only as lenders of last resort but also as providers
of information about the firms. For example, after the 2008 financial crisis, many
governments periodically performed stress tests on large banking firms and dis-
closed their results. The public disclosure of stress test results is controversial,
however, because highly precise public information does not always produce favor-
able outcomes (i.e., a reduction in the possibility of a liquidity crisis for a firm).
Our findings show that such disclosure is desirable only when the firm’s funda-
mentals are expected to be weak ex ante. In other words, the government should
disclose information about the firm during bad times (i.e., investors’ pessimistic
beliefs about the firm), because firms that anticipate a bailout might not provide
sufficient information.?! By contrast, during good times (i.e., investors’ optimistic
beliefs about the firm), disclosing additional information is not desirable, because
it may lead investors to lower expectations about the firm. This argument is in line
with the conclusions of Bouvard, Chaigneau, and Motta [2015] and Goldstein and
Leitner [2018], albeit based on a different perspective.

Next, in the remainder of this section, let us discuss several extensions of our
proposed model. The first issue is the assumption of the government’s bailout
policy. Specifically, in the model, the government bails out a firm that is likely

21 As discussed in Proposition 1, the optimal precisions to minimize withdrawals are az when
1 < ¢; and O otherwise. Thus, if the government expects that the firm will not disclose any
information despite investors’ pessimistic beliefs (i.e., u < ¢; but a’j(q) = 0), it could reduce the
expected withdrawals and bailout injection by disclosing a public signal with precision ag.
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to suffer a liquidity crisis, regardless of the firm’s disclosure decision. Instead, an
appropriate requirement of corporate disclosure can mitigate the adverse effects of
a bailout. For example, if the government commits to bail out only firms disclosing
accurate information in bad times but withholding information in good times, then
firms will choose the optimal precision to minimize withdrawals. This indicates
that the commitment power of the government is important to determine the firm’s
disclosure behavior.

Second, in the proposed model, we have taken bailout as simple transfers to a
firm’s investors. The project’s net return increases with the bailout amount because
we define bailout as simple transfers to the firm. In practice, bailout often takes
different forms such as credit line or equity injection like the Troubled Asset Relief
Program (TARP) in 2008. We could incorporate this possibility with different
functions of the net return on the project. In this case, the decreased benefits from
the bailout weaken our results for good times but not for bad times. In good times,
the firm does not have an incentive to increase disclosure precision because it does
not directly benefit from the bailout itself. In contrast, the firm is still opaque in
bad times because it can avoid large withdrawals by receiving a bailout. As long
as the cost of disclosure to restore investors’ confidence is greater than that of the
bailout, the firm chooses not to disclose any information and anticipates government
intervention.??

Third, we assume that the firm does not observe a signal before disclosing it.
Thus, our current model is closer to one of regulatory disclosure (e.g., whether to
adopt fair value accounting or not) than one of voluntary disclosure (e.g., manage-
ment forecasts). Because the disclosure policy cannot be easily changed in the short
term, the firm does not choose an optimal precision after learning a private signal.
However, if the firm has private information before disclosing it, it has an incentive
to disclose good information but withhold bad information. This disclosure incen-
tive generates signaling effects, possibly leading to multiple equilibria for investors’
withdrawal decisions (e.g., Angeletos, Hellwig & Pavan, 2006; Angeletos & Pavan,
2013; Bouvard, Chaigneau & Motta, 2015). Assessing the extensions of our resutls
thus requires speculation on the equilibria. Without a bailout, we speculate that
the results for disclosure precision qualitatively remain because only high signal
with high precision can improve the investor’s beliefs about the firm. Based on Ed-
mond [2013] and Lee and Oh [2022], we expect that the firm partially reveals a low
signal in bad times and fully reveals a low signal with the lowest precision in good
times. However, with the anticipation of a bailout, the firm has more incentive to
disclose a low signal to receive a bailout. This implies that with the anticipation
of a bailout, the firm possibly discloses a low signal but not in the case without
a bailout. In this regard, introducing the privately informed firm in the proposed
model is challenging yet an interesting avenue left for future research.

Lastly, we have focused on a single firm’s disclosure choices. While this as-
sumption keeps our model tractable to analyze the effects of a bailout, it eliminates
the possibility that a disclosure choice made by the firm may affect the disclosure
behavior of other firms. Unlike our approach, Corona, Nan, and Zhang [2019] ex-
amine how the risk-taking decisions of firms influence each other and, in turn, the

22 An alternative approach is to assume that the disclosure cost (i.e., co) increases because, in
our model, the firm chooses an optimal precision to receive a bailout. An increase in disclosure cost
prevents the firm from anticipating a bailout by disclosing precise information. However, it does
not change the firm’s disclosure behavior in bad times because the firm chooses zero disclosure
precision.
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bailout likelihood. They show that firms may coordinate into risk-taking in bad
times because their behavior increases the likelihood of a bailout. Similarly, if we
consider the disclosure choice of multiple firms, the disclosure incentive of firms to
receive a bailout would become even stronger.

6. CONCLUDING REMARKS

This study explores how a government bailout influences a firm’s disclosure de-
cisions when the firm is vulnerable to investment withdrawals. Prior to examining
the effects of a bailout, we first identify the firm’s disclosure policy in the absence
of a bailout. Our analysis shows that optimal precision is adversely related to in-
vestors’ prior beliefs about the firm. When investors expect the firm’s fundamentals
to be weak ex ante, the firm has an incentive to disclose precise information on its
fundamentals. Specifically, the firm chooses high precision to restore investors’ be-
liefs if the cost of improving disclosure precision is less than the benefit of reducing
withdrawals. By contrast, the disclosed information should be of lower precision
for the firm when investors have optimistic beliefs. We then examine the firm’s
disclosure decisions when the firm anticipates a bailout. The results indicate that
a government bailout induces the firm to distort its disclosure precision relative to
the case without a bailout. In other words, the firm might not disclose any informa-
tion in bad times but raises the precision in good times. This disclosure behavior
reduces the probability of conveying positive information on the firm, which leads
investors to withdraw their investments. As a result, the government bailout can
increase the likelihood of a liquidity crisis for the firm.

In short, our theoretical findings suggest important implications for understand-
ing the effects of the government bailout on corporate disclosure, and in turn, on a
liquidity crisis.

APPENDIX: PROOFS AND DERIVATIONS

Proof of Proposition 1

Investors share the common prior ¢ ~ N(0,1/7) and receive noisy signals z; =
¥+ €;, where ¢; ~ N(0,1/8). Thus, Equation (2) becomes Equation (3) as follows:
0=E [r —2ql|x; = T Sj, a]

=E[0]s;,a] + B[y |z; = 2] — 2¢B[zy < zj; | 2; = 7]

= pj+ o= —20® VAT ,
+7 B+

where xj, is the private signal of an investor k # 1.

We first show that Equation (3) has a unique solution ;. Denote the left-
hand side of Equation (3) by f(z};). Note that f(z};) — oo as z}; — oo and
f(x};) — —oc as zj; — —oo. Hence, if f(z};) is a strictly increasing function, then
Equation (3) has a unique solution by the intermediate value theorem. The slope

of f(x7;) is
df(=3) B Vg
= B+7<1%Wq¢<6+7 :

ij
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where ¢(-) is the probability density function of the standard normal distribution.
Provided that A < we obtain

VB 1
7)2120[&\/%>0

This implies that f (3:;‘]) is a strictly increasing function, and thus, there is a unique
solution z7;. Moreover, we can verify that the equilibrium by z7; is indeed the
unique equilibrium by using the iterated deletion of dominated strategies. The
proof is standard in the global game literature and hence, is omitted for brevity

(see Morris & Shin, 2001).
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Proof of Corollary 1

Given the switching private signal z7;, the proportion of investors who withdraw
is Prlz; < xj;|sj,,9]. As A goes to zero and j goes to infinity, z; = ¢ + ¢ — ¢
and zj; — ¢;—p; from Equation (3). Thus, the proportion of withdrawals converges
to Pr[y) < ¢ — pj] = ®[\/Y(c; — pj)]. If v — oo, then the probability goes to one if
p; < ¢ and zero if u; > ¢.

Proof of Proposition 2

After observing the disclosed signal, investors update the expected value of 6 as
follows:

(+ap ,  (-a)i-p)
1—a+2ap ? 1—a+2ap
A-ap ,  (A+a)d-p),
1+a 2ap 7 14+ a—2ap

pr (@) = Prlg| sul0y + Prib| su]0y = Op; (AL

pr(a) = Prig|sp]0y + Prb]sL]0 b (A2)
where pg(a) (1rn(«)) denotes the expected value of 6 conditional on sy (sz,) with
precision a. From Equations (A1) and (A2), it can be easily verified that pg(a) >
> pr(a) for all a € [0,1]. Moreover, up(«) is increasing in a, whereas pr(«) is
decreasing in a.

We now consider the two following cases: p > ¢; and p < ¢.

e 1 > ¢ if the public signal is sg, then by Corollary 1, Ig(a) = 0 for all «,
because pg > @ > ¢;. Meanwhile, if the public signal is sz, then the value of
1, () depends on a. Let ay, such that pr(ar) = ¢. There exists a unique
value of az, € [0, 1] satisfying this condition, because ur () strictly decreases
with o and pr(0) = > ¢ and pr(1) = 6, < ¢;. Thus, I (a) =0 for a < af,
and Ir(a) = 1 for o > ap,. As a result, the firm’s payof! is

U= Catr ifa<ar,
Hyp(a) = .
w—c(l+a—2ap) —coa if a>ar.

For the range o < ay, Hyp(«) is strictly decreasing, and hence, it achieves
the maximum at o = 0. For the range a > ar, note that 1+« — 2ap > 0 for
all @ € [0,1] and p € (0,1). Then, we have

Hyp(a) = p—ca(l+a—2ap) —coa < p=1yp(0).

This implies that Iy («) for @ > ay is always less than IIy5(0). Therefore,
the maximum value of Iy (o) occurs when a = 0.
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e 1 < ¢ in this case, the proportion 1, (a) = 1 for all «, because pr < p < ¢.
Similar to the case in which p > ¢, let ag € [0,1] such that pg(ag) = ¢.
Then, it follows that Iz (a) = 1 for a < ag and lg(a) =0 for @« > ay. By
applying this condition, we obtain

W—2c; — cq if o < ay,

HNB(a) = {

uw—c(l+a—2ap) —coa if a>ay.

On the one hand, for the range o < apy, IIyp(a) achieves the maximum at
a = 0, because it is a strictly decreasing function. On the other hand, for
the range a > ayy, note that the probability that the project is good is less
than one half, because u = pfy, + (1 —p)fy < ¢; < w. Thus, Hyp(a) is
decreasing in this range, which implies that its maximum occurs at o = ay.
The maximum value is

Iypglag) =p—a(l+ag —2agp) — caan.

If liyp(ag) > Hyp(0), then the optimal precision a* is agr; otherwise a* is
zero.”? Therefore, the firm chooses a* = ay if and only if

Onp(an) =p—ca(l+am —2app) — coan > Unp(0) = p—2¢
1
sap<———
=T 2t ea/a

Combining these two cases, we have Equation (5).

Proof of Proposition 3

We show how Equation (1) becomes Equation (6). After the firm discloses
sj, the expected value of the firm’s fundamentals is u;. Let us consider the two
following cases: p; > ¢; and 0 < p; < ¢.

If 4; > ¢, then the proportion of withdrawals without a bailout is zero by
Corollary 1. This implies that the expected return on the firm’s project is E[r —
2¢l|s,cc,m = 0] = p; > ¢; > 0. Hence, the government does not provide a bailout
for these firms.

Meanwhile, if p; € (0,¢;), then all investors withdraw their investments in the
absence of a government bailout, which implies that the firm’s project will fail,
because E[r — 2¢il|s,c,m = 0] = pj — 2¢; < pj — ¢ < 0. Thus, the government
has an incentive to provide capital for the firm to prevent inefficient withdrawals.
By Corollary 2, the proportion of withdrawals {; given the public signal and the
bailout amount is

) 0 ifm>c¢ —py,
TN ifm<e —py

Therefore, the smallest bailout that makes the expected return on the project pos-
itive is m* = ¢; — p;.

Proof of Proposition 4

23We assume that if the firm is indifferent between choosing o = 0 and a = apy, then it chooses
a higher one. This assumption does not drive the results.
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We start by considering the case p > ¢;. Define the value of o as in the proof
of Proposition 2. In other words, «y, is the value satisfying ur () = ¢. If the firm
discloses a signal with o < «ap, then the firm does not receive a bailout, because
wg > ur > ¢. Hence, the firm’s payoff is Ip(a) = g — cq. The value of «
maximizing this payoff is @ = 0. Meanwhile, if the firm discloses a signal with
a > ay, then the firm receives a bailout m* = ¢; — pr only when the disclosed
signal is s = s;,. Consequently, the firm’s payoff is

Ip(a) = p+Prlse|al-[a - pr(a)] - caa

=p+ % [(1+a—2ap)e — (1 —a)pby — (14 a)(1 —p)6y] — cac,
where Prs;|a] = 1(1 + o — 2ap) is the probability that the firm will disclose a
low signal. The firm’s payoff may be either increasing or decreasing, and thus, it
has the maximum value when o = ay or @« = 1. However, the payoff of choosing
a = aj is less than that of choosing a = 0 because IIg(ar) = p + Prisp | ar] -
[e; — pr(ap)] — caar, = p— cqar, < p=TIIg(0). This implies that we only need to
compare II5(1) and II5(0). The firm chooses the optimal precision ay = 1 if and
only if
Ca
1-p

Op(l) =p+ 1 =p)(c—0y) —ca > p ¢ — 0y >

Similarly, when pu < ¢;, denote the value of ayy such that pg(ay) = ¢;. The
firm’s payoff is

C — Co if o < ay,
HB(a) = 1 .
p+ 5 [(1+a—2ap)e — (1 —a)ply — (1 +a)(1 —p)0y] —caar if a > ay.

For the range a < ap, the firm’s payoff achieves the maximum value at a = 0.
Thus, the firm chooses precision a > «ay if and only if

Ip(a) >Ip(0) & a-[(1—2p)e +pby — (1 —p)Oy — 2¢ca] > ¢ — p. (A3)

Denote ¥ = (1 —2p)e; +pby — (1 — p)Oy — 2¢cq = ¢ — o+ 2p(8, — ¢1) — 2¢q. If
¥ <0, then o¥ < 0 < ¢ — g, which implies aj; = 0. Conversely, if ¥ > 0, then
the left-hand side of Equation (A3) has the maximum value when o = 1. Thus,
the firm chooses @ = 1 if and only if IIg(1) = ¥ > ¢; — u. By arranging the terms
of this inequality, we have 6, — ¢; > %’. Furthermore, 8, — ¢; > %‘* implies ¥ > 0
because ¥ = ¢; — u + 2p(8, — ¢1) — 2cq > ¢ — > 0. Therefore, the firm chooses
ap =1if and only if 0, — ¢; > %‘*.
Combining these two cases, we have Equation (8).

Proof of Proposition 5

First, we calculate the optimal disclosure precision a} with the probability of
a bailout, ¢. We use a similar way to that used in the proof of Proposition 4 to
derive a7; that is, we solve the model by separating the cases, 1 > ¢; and p < ¢.

If p > ¢, then the amount of the bailout and the proportion of withdrawals
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given s; and « are as follows:

0 if0<a<arands; €{su,sr};

P if op <a<1ands;=spy;

o= ¢; — pr,  with probability ¢, if ap < a <1 and s; = sp;

0 with probability 1 —¢q, if oy, <« <1 and s; = sy,
0 if0<a<arands; € {su,sr};

- 0 ifar <a<1ands; =sg;
0 with probability ¢, if o < o <1 and s; = s;
1 with probability 1 — ¢, if o <a <1 and s; = sr.

Thus, the firm’s payoff is

() b — CaQx if0<a<ap;
o) =
b w+Prlsplal - [q(a — pr) = 2¢(l —q)] —caar ifap <a <1

For the range o < «p,, the maximum value of IIg(«) occurs when o = 0. For the
range oy < a < 1, the maximum value occurs when o = ay, or « = 1. However,
Ip(ay) is less than Iz (0) as follows:

Hp(ar) =p+Prlsp o] [gla — prlar)) —2a(l — q)] — caor
=p—2¢qPrlsp|ar](l—q) — caar, < p=15(0).

Hence, we need only compare IIp(1) and IIp(0). The firm chooses a = 1 if and
only if

Op(l) =p+ 1 —p){gla —0) —2(1 —g)a} —cq > pn=1I5(0)

& qler—0y) — 21— q)ey > ﬂ (A4)

Meanwhile, if y < ¢;, then the amount of the bailout and the proportion of
withdrawals are given by

¢ — pj  with probability ¢, if 0 < o < oy and s; € {sm,sr};

0 with probability 1 — ¢, if 0 < o < ay and s; € {sy,sL};
m-=<0 ifag <a<1ands; =spy;

¢ — pr with probability ¢, if ag <o <1 and s; = sp;

with probability 1 — ¢, if ag <o <1 and s; = s,

with probability ¢, if 0 < a < gy and s; € {sm, s };
with probability 1 — ¢, if 0 < a < ay and s; € {su,sr};
if og <a<1ands;=sq;

with probability ¢, if ag < a <1 and s; = sz

_ o O = O O

with probability 1 — ¢, if ay <o <1 and s; = s.

Thus, the firm’s payoff is

M (a) pqle —p) —2¢(1 —q) — co if0<a<ay,
Bla) = .
w+Prisplal - [glc — pr) —2¢(1 —q)] —caar if ag <a<1.
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Of course, IIg(a) achieves the maximum at o = 0 for the range 0 < o < agy. The

payoff at « = 01is II5(0) = p+q(c; — ) —2¢;(1 —q). Tt follows that the firm chooses

a > ag if and only if IIg(a) > I15(0), that is,

p+Prlspla] - lgla — pr) = 2a(l — )] = cae = ptqlar — p) = 2a(L—q)  (A5)

< a{q-[(1—=2p)a +ply — (1= p)0] — 2¢:(1 = q)(1 = 2p) — 2¢a} > qler — p) = 2¢1(1 — q).

Denote ¥ = ¢ - [(1 — 2p)c; + pby — (1 — p)bs] — 2¢;(1 — ¢)(1 — 2p) — 2¢4. If X/ >0,
then the left-hand side of Inequality (A5) is increasing in «, and thus, has the
maximum value when o = 1. In this case, the firm chooses o = 1 if and only if

S > qler — p) = 26(1 — q) & q(0, — ) +2a(1 — ) > ; (A6)

Conversely, if ¥’ < 0, then the left-hand side of Inequality (A5) has the maximum
value when o = ay. The firm chooses o« = aiy if and only if

agX > qle,—p) —2¢(1 —q). (AT)

In summary, the optimal disclosure precision with the probability of a bailout is as
follows:

0 ifu>c¢andq(eg—=6)—2(1-gq)
1 ifpu>c¢and gl —0p) —2(1—q) -t
o (q) = 1 ifp<eg, X >0,and g(f, —cl)—|—261(1—q)2?° (A8)
0 ifp<q, ¥ 20, and ¢(0; — ) +2a(l —q) < <
ag ifu<e, X <0,and agX > q(q —p) — 2¢(1 — q);

0 ifu<eg,X<0,and agX <qlaqg—p) —2¢(1—q).

Note that there is a set of parameters (i.e., {04,605, ¢, ca,p, q}) that satisfies In-
equalities (A4)—(A7). In other words, all cases in Equation (A8) can arise in some
set of parameters.

Second, we calculate the expected value of withdrawals. If the government
commits never to bail out the firm, then the firm chooses the precision o} given
by Equation (5). Under this precision, the expected value of withdrawals is given
by

0 if u>cp
Ell|anp] = ¢ 3(1 + ag —2agp) if p < ¢ and oy p = an; (A9)
1 if p < ¢ and a5 =0.

On the contrary, if there is a possibility of a bailout, then the firm chooses the preci-
sion o’ (q) given Equation (A8). Thus, we obtain the expected value of withdrawals
as follows:

0 if 41> ¢ and ajy(q) = 0;

(1=p)(1—-q) if 10> ¢; and ay(q) = 1
Ell|ak(q),q] = %(1 +ag —2app)(1 —q) if u<c¢ and af(q) = ay; (A10)

(1-p)(1—q) if u < ¢ and al(q) =1;

(1 - q) if 4 < ¢ and Oz’]‘g(q) =0.

Comparing Equations (A9) and (A10), the expected value of withdrawals can in-
crease in the following two cases: (1) p > ¢, aiyg = 0, and af3(¢) = 1 and (2)
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p < ¢, &g = am, and o(¢) = 0. Numerical examples show that both cases
are possible (see FIG. 4), which implies that a government bailout can increase the
expected value of withdrawals.
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