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We study managers’ decisions to voluntarily disclose information to the
capital market when they face a risk of information leakage. Our analysis
offers three main insights. First, we find that leaks that are less informative
create market discipline and motivate more voluntary disclosure. Second, an
increasing likelihood of information leakage has ambigudtects. It fosters
market discipline but increases managers’ rewards from successful non-
disclosure. Consequently, a higher likelihood of leakage impedes disclosure
if leaks represent rare events and fosters voluntary disclosure if leaks are
suficiently probable. Third, we find that market discipline is mofteetive

for myopic managers who focus on short-term prices and cannot react to
information leaks in a timely manner. Such managers are willing to preempt
information leakage and to disclose their private information.
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|. | NTRODUCTION

Digitization and the increasing connectedness with customers, suppliers, and creditors
create challenges for firms in protecting their private information. Despite the
considerable amounts spent on data sectiihgre is abundant empirical evidence of
information leakage into capital markets (Khan and2013 Hendershott et ak015
Kacperczyk and Pagnott2019 Huang et al.2020. Empirical studies suggest that
inside information is leaked via various channels. For instance, firms mayfduteal

by accidental or hostile data breaches (Amir e28118. They share information with
contractual partners such as suppliers (Anand and G2§@® Chen andOzer 2019

and creditors (Bushman et &01Q Ivashina and Su2011) who break confidentiality
clauses. Moreover, order flow information of insiders may be leaked to the market and
indicate their private expectations (McNally et2017 DiMaggio et al.2019.

An important, yet largely neglected aspect is that information leaks iiiegtdirms’
willingness to provide voluntary disclosuré&xisting studies show the crucial role of the
information environment in shaping firms’ disclosure incentives (Eint2@t8 Frenkel
et al. 2020 Michaeli and Wiedmar2021). The possibility of information leaksfi@cts
firms’ information environment. Moreover, leaks have a specific information structure,
which has not been considered by prior work. Investors who identify a leak learn two
types of information. First, they come to know part of the firm’s inside information, for
instance, the progress of R&D processes, details about new products, or partnerships.
Second, information leaks reveal that the management is endowed with information but
has decided not to share it. Such information on managers’ strategic behavior is useful in
making inferences on the favorability of the information. In this regard, legksrdrom
information that is originated outside the firm such as analyst reports.

We use a standard model of discretionary disclosure (D885 Jung and Kwon
1988 to study the consequences of information leakage for firms’ willingness to share
their private information. Our results show that theets of information leaks depend on
the informativeness and the likelihood of information leakage. If information leaks are not

IFor instance, a recent survey among the members of the Financial Services Information Sharing and
Analysis Center (FS-ISAC) finds that on average financial institutions spent 0.48% of their overall revenues
on cybersecurity (Deloitte Center for Financial Servizég1).

2Although investors have access to multiple information sources, firms’ voluntary disclosures are still
a major source of value-relevant information (e.g., Beyer @0 Miller and Skinner2015.



perfectly informative (i.e., if investors cannot gauge their value implications), managers
face a threat of adverse market reactions. Therefore, less informative leaks introduce
market discipline and motivate more disclosure. An increasing likelihood of information
leakage has ambiguouffects. It amplifies the discipliningfect of uninformative leaks

but also causes a countervailing force. If leaks occur with higher probability, it is more
difficult for managers to hide their private information. At the same time, the market
price following successful non-disclosure increases, and informed managers face stronger
incentives to withhold their information. Interestingly, the market discipline caused by
uninformative leaks is morefective if managers are myopic and interested in short-term
market prices. Managers who maximize long-term stock prices are less vulnerable to
adverse market reactions because they can respond to information leaks by revising their
initial non-disclosure decisions.

As in Dye (1985, we consider a risk-neutral manager who observes a private signal
about the firm value with positive probability. An informed manager can truthfully
disclose or withhold his information; an uninformed manager cannot credibly convey
that he is uninformed. We extend this model considering the possibility that the private
information leaks into the capital market. We distinguish two characteristics of leaks.
The likelihood of leaks is the probability of a leak following a non-disclosure decfsion.
The informativeness of leaks is the probability that investors understand the economic
implications of the leaked information conditional on the fact that a leak occurs. Practical
examples show that leaksfi@ir in their comprehensiveness. For example, managers’
order-flow information provides only coarse evidence on their private informétion.
contrast, leaks that reveal details of a firm’s contractual obligations towards its suppliers
can provide considerable information on future financial surpluses. To account for this
fact, we distinguishuninformative leakswhich only reveal that the manager has received
a signal, fromperfect leakswhich also show the corresponding value implications. The
informativeness of leaks is given by the probability distribution over these two events.

3We consider leaks as random events and not as strategic decisions. This is in line with empirical
findings, which mainly point at negligence and third party involvement as causes of leaks. Although
managers may have incentives to strategically leak information, such behavior can be very costly. Leaks
interfere with firms’ disclosure management, bring up legal risks, and cause proprietary costs. Moreover,
firms invest significant amounts in information security to reduce the risk of information leakage.

4An illustrative example is the leakage of product information at Apple. In 2017, the daughter of an
Apple employee shared a picture of a new smartphone, which had not been announced to the public (see
Griffin 2017. This leak provided investors with an update about Apple’s production progress. Yet, it is
guestionable whether the information was useful in learning about future profits.



In equilibrium, an informed manager follows a threshold strategy. He discloses
suficiently favorable information exceeding a threshold value and withholds unfavorable
news. The structure of the partial-pooling equilibrium is reminiscent of prior studies (e.qg.,
Dye 1985 Dye and Hughe2018 Cheynel and Levin@02Q Friedman et al2020 and
can be aligned with empirical evidence on firms’ actual disclosure behavior (see Kothari
et al. 2009 Bao et al.2019 Bertomeu et al2022.> We show that the threshold level
and, thus, the manager’s propensity to share his information depends on the likelihood
and informativeness of leaks. More specifically, our analysis yields three main findings.

First, a lower informativeness of information leaks disciplines the manager and
fosters voluntary disclosure. Rational investors who observe an uninformative leak do
not understand the actual economic implications of the leaked information and interpret
the manager’s decision to withhold information as bad news. They therefore assign a
low market pricé. This adverse market reaction poses a threat for managers of firms
with intermediate firm values. Such managers disclose their information in order to
preempt uninformative leaks and to separate themselves from managers with even worse
information. In contrast, perfect leaks do nffieat the manager’s disclosure incentives.

This result has noteworthy implications for the interpretation of the disclosure
threshold. In the standard disclosure model of Dy®8§5 and Jung and Kwon
(1988 the equilibrium disclosure threshold minimizes the no-information price—a
result which is known asninimum principle(Acharya et al.2011 DeMarzo et al.
2019. The interpretation is that the equilibrium market price expresses maximal
skepticism. The possibility of uninformative leaks allows for equilibria with more
voluntary disclosure than suggested by the minimum principle. Intuitively, uninformative
leaks create additional market discipline complementing investors’ skepticism. This result
distinguishes our model from related work such as Frenkel e2@2(.

5A number of studies identify disclosure equilibria with multiple pooling regions. This might be the
case if managers are uncertain about the market reaction to their reports2@#jsif they can distort
disclosures by real decisions (Beyer and Guttr@@h2), if the quality of their information is not publicly
known (Hummel et al2018), if investors have access to competing information sources (Eir2@t8§,
and if firm owners use disclosures as performance measures to mitigate moral hazard (@2€ano

6An example is the release of Apple’s iPhone 12. In early 2020, a series of leaks indicated delays in the
production process. The absence of fitil statement led to speculations about a delay of several months
and considerable stock price drops (Spep@20. In July 2020, Apple’s CFO succumbed to the pressure
and announced a delay of a few weeks correcting less favorable market expectation2@R@lly

’In this regard, our results are in line with other studies that question the positive association between
a more transparent information environment and market discipline (e.g., Dan@e13L.



Second, we find that a higher likelihood of leaks has ambiguéfests. It amplifies
the disciplining &ect of uninformative leaks and thus causes\gelation gfect At the
same time, there is a countervailicgncealment gect that motivates the manager to
withhold his information. Consider the investors’ inferences on firm value if they do
not receive any information, neither from the manager nor through a leak. This might
be the case because the manager is uninformed or because he hides unfavorable news.
With increasing likelihood of leakage, it is less probable that a strategic manager can
hide his private information. Investors therefore deem it more likely that the manager
is uninformed and assign a higher market price. Paradoxically, this provides incentives
for an informed manager to withhold his information. If leaks constitute rare events, the
concealment fect is the dominant force and an increasing likelihood of leaks reduces
disclosure. If leaks are fliciently probable, further increases in their likelihood foster
voluntary disclosure due to the revelatioifieet. We find that there may be more or less
voluntary disclosure compared to a world without information leakage.

Third, our results suggest that market discipline is mdfective if the manager is
myopic, i.e., if he maximizes short-term prices. We assume that the manager can react
to leaks by revising a non-disclosure decision, and he maximizes the weighted average
of the market prices before and after a disclosure revision. Intuitively, the opportunity to
react to an uninformative leaks attenuates the threat of adverse market reactions. Instead
of preempting leaks by voluntary disclosure, the manager can always counter an adverse
market reaction and share his private information retroactively. The opportunity to react to
an information leak therefore obviates market discipline. Note however that this rationale
only applies if the manager is interested in the long-term market price. If managers are
more myopic and assign higher weight to short-term prices, they are more forthcoming
and increase theirs disclosures. These results indicate that managerial myopia fosters
market discipline and increases firms’ voluntary disclosure.

In a model extension, we consider thieets of proprietary costs in the presence of
information leaks. If information is disclosed or leaked into the capital market, the firm
incurs a cost that reduces the firm value. This assumption reflects the fact that proprietary
information can be used by rivals or other related parties to take harmful actions (e.g.,
Verrecchial983 Darrough and Stoughtof990 Wagenhoferl990. In our setting,
proprietary costs are triggered not only by firm disclosures but also by information leaks.
Thus, proprietary costs penalize both disclosure and non-disclosure decisions, and their



total efect depends on the likelihood and informativeness of leaks. Our analysis sheds
light on the nuancedfiects of proprietary costs in the presence of information leaks. We
show that the additional consideration of disclosure costs doedfieat the previously
mentioned findings. This highlights the robustness of our results.

Our study contributes to three strands of literature. First, our results relate to the
literature on firms’ voluntary disclosure in the presence of additional information sources
(e.g., Dyel998 Banerjee and Kin2017 Einhorn2018 Frenkel et al202Q Petrov202Q
Michaeli and WiedmarR021). Dye (1998 considers managers’ voluntary disclosure
decisions when investors may learn that he withholds information. In line with our
results, managers extend disclosures if their information endowment is exposed with
positive probability. Our result show that leaks may reduce voluntary disclosure if they
reveal the inside information along with the managers’ information endowment. Banerjee
and Kim @017 consider the #ects of information leaks when managers can adapt their
internal communication. Coarser communication reduces firm performance but inhibits
information leakage. They find that a higher likelihood of leaks motivates a coarser
internal communication and more disclosure. Michaeli and Wiedri2@21 study a
manager’s decision to provide voluntary disclosures either before or after the arrival
of a public signal. The public signal is correlated with the firm value but, in contrast
to our model, independent of the manager’s information endowment. Perhaps most
closely related to our analysis, Frenkel et &0Z0 study the joint &ect of voluntary
disclosure and analyst coverage on markB&tiency. Analysts perfectly learn the firms’
inside information and truthfully reveal their signal. Thus, analyst reports represent
an information source that is reminiscent of perfect information leaks in our model.
In an extension, they discuss the possibility that analysts provide noisy signals about
inside information. This setting is similar to our model of uninformative leaks because
managers’ and analysts’ information endowment is correlated. However, the authors
conclude that this set of assumptions is intractable in their capital market setting and
do not provide a model analysis (p. 187).

A second strand of literature addresses managers’ legal obligation to share value-
relevant information and studies thexts of shareholder litigation (see Trueni897,
Evans Ill and Sridha2002 Dye 2017 Schantl and Wagenhof@021). Trueman {997

8To consider imprecise analyst information, Frenkel et 2020 study a modified setting, where
managers observe leaks before they decide on firm disclosure. This assumipiafidim our analysis.



and Schantl and Wagenhofé&t021) study a manager’s disclosure decision if the firm’s
shareholders can litigate. Litigation is costly and yields uncertain damages payments.
Trueman 1997 finds that the manager disclosedisuently favorable and unfavorable
news but withholds intermediate information. He assumes that the litigation lawyer earns
the net benefit from litigation. In contrast, Schantl and Wagenh@@21 assume that

the shareholders receive all damages payments. The litigation option therefore creates a
premium to the firm’s market price. For low litigation costs, this premium is crucial and
changes the disclosure equilibrium. Dy#0(7 considers the disclosure decision of a
seller who may be privately informed about an asset and is liable for buyers’ damages.
If the seller does not share his information with the buyer, this behavior is revealed with
some probability, and the seller must make a damages payment.2D$@ (inds that

a higher probability of discovery can reduce the likelihood of voluntary disclosure. Our
results do not arise from shareholder litigation and legal damages payments but from
market pressure that is exerted by the rational price reactions to information leaks.

Third, our analysis is related to models of dynamic voluntary disclosure such as
Einhorn and Ziv 2008, Acharya et al. 2011), Beyer and Dye 4012, Guttman et al.
(2014, Cianciaruso and Sridha2@18, Menon 020, and Aghamolla and An2021).

As in Bagnoli and Watts2021), we consider a manager’s decision to revise a previous
non-disclosure decision after the arrival of public information. In contrast to our analysis,
they assume that the manager generally observes private information but faces proprietary
costs of early and late disclosure. The manager’s willingness to revise his initial decision
depends on the favorability of the public information. According to our results, the
manager’s decision depends on the informativeness of the leaked signal.

Our model allows for novel empirical predictions. A higher likelihood of leaks fosters
voluntary disclosure in environments, where leaks are less informative—for instance,
because their economic implications ardidult to understand. This is typically the
case in industries with complex business models and products. In contrast, if investors
can easily infer the value implications of leaked information, a higher likelihood of leaks
impedes disclosure. We therefore expect that the informativeness of leaks varies between
differentindustries. We also find that théeets of information leaks depend on managers’
time horizon. Leaks introduce market discipline on managers whose wealth is sensitive
to short-term price reactions. These managers preempt information leakage by more
extensive voluntary disclosures.



The remainder of the paper is structured as follows. We introduce the model in section
II. In sectionlll, we study the ffects of information leaks on voluntary disclosure and
present our main results. We extend the model for disclosure costs in sB¢tiamd
highlight the robustness of our results in sectiarin sectionVl, we conclude our study.
All proofs are in the Appendix.

II. M ODEL SETUP

We study the disclosure decision of a manager who is endowed with private information
about firm value and faces the risk of information leaks when he decides against
disclosure. Disclosures are made towards a competitive capital market, modelled as a
representative investor. If the manager withholds his information but experiences a leak,
he can revise the initial non-disclosure decision. All players are risk neutral.

The uncertain value of the firm is given by the random variabl&he manager and
investors share prior beliefs abaxigiven by a continuous probability distribution with
bounded supportq X], where f(-) andF(-) denote the p.d.f. and c.d.f., respectively. For
y € [XX], we useu = E[X] and E(y) = E[X]|Xx < y] to denote the mean and truncated
mean of the firm value. In line with prior literature, we assume that the distributian of ~
is log-concave (e.g., Cianciaruso and Srid@t8 Bagnoli and Watt2021).°

We build on a model of partially verifiable voluntary disclosure that is frequently used
in the literature (e.g., Dy2985 Jung and Kwori988. The manager of the firm privately
learns the firm valuex with probability p € (0, 1) and remains uninformed otherwie.
We denote the manager’s information settag € {X, 0}, whereQy, = 0 indicates a
lack of private informatiort! His disclosure is a function of the available information,
d = d(Qu). If the manager observes he can disclose it in a credible and costless
manner or remain silent, i.ed(x) € {x, ND}, whereND denotes non-disclosure. He is
unable, however, to make a credible claim that herf®bserved, i.e.,d(®) = ND.

The innovation of our model is the possibility of a (more or less informative) leak.
Similar to Frenkel et al.2020 and Bagnoli and Watt2021), we study information leaks

SMany common distributions (such as normal, exponential, and uniform distributions) share this
property. Log-concavity implies thaltE(y)/dy < 1 (see Bagnoli and Bergstro2905.

0we consider perfect information for ease of exposition. The insights from our analysis #iectet
if we assume that the manager observes an imperfect signal about the firm value.

Lwith a slight abuse of notation, we identify the realization of the firm valaad the singleton s¢k).



as probabilistic arrival of public information. Conditional on the fact that the manager is
privately informed, a leak occurs with probabilitye [0, 1). With probability 1— 7, no
information is leaked and investors remain uninformed. We interpastthe likelihood of
information leakage. It represents the residual risk of leaks given the firm’s investments in
data protection and information security. The ongoing trends towards digitization and the
outsourcing of business processes hinder firms’ attempts to avoid information léakage.
If leaks occur with probability 1, there is generally full revelation in equilibrium. We
exclude this uninteresting case from our analysis.

Ex ante, there is uncertainty not only about whether a leak occurs but also about the
information revealed by a leak. Some leaks provide extensive information, such as details
of new products, demand forecasts, or contractual terms with suppliers. Other leaks are
less extensive andftiicult to interpret without insider knowledge. In our model, we allow
for two extreme types of leaks. In case gberfect leakinvestors learn the firm value
i.e., the economic implications of the leaked information are well understood. In contrast,
anuninformative lealhas unclear economic implications and does not change investors’
beliefs’® Conditional on the fact that a leak occurs, it is perfect with probabjlignd
uninformative with probability . We usey € [0, 1] as a measure of informativenégs.

Low levels ofy are descriptive of settings in which it is unlikely that leaks reveal the
firm value. Asy approximates 1, leaks tend to reveal the inside information. A common
feature of both types of leaks is that investors learn the manager’s information endowment.
Information can only be leaked if the manager is informed. Thus, investors who observe
a leak understand that the manager deliberately withholds his private information. This
may be useful in making inferences about the firm value.

After observing a potential disclosure and information leak, the competitive market
forms a market price for the fird?. Let Q, denote the risk-neutral investors’ information
set. The priceP(Q2)) coincides with the expected firm value conditional on the available

2within our setting, there is no rationale for the manager to forgo the firm’s disclosure channel and to
strategically leak his private information to the market. This is in line with the observation that proprietary
information is shared accidentally or leaked by contractual partners (e.g., Ch@zarzD19.

13| there was no strategic disclosure by the manager, uninformative leaks would be ignored by investors.

14We consider a mixture of two extreme events to simplify the mathematical exposition. In Sggtion
we consider an alternative notion of informativeness assuming that investors observe a noisy signal about
the inside information. The qualitative insights from both analyses are identical.

Swe follow Banerjee and Kim2017) and Frenkel et al. 2020 and assume that leaks provide publicly
available information. For studies that consider the information leakage to informed investors and the
dissemination of information within capital markets see Brunnermg@®5 and Indjejikian et al.Z014).



information and investors’ beliefs about the disclosure stratéffy,) = E[X]|Q]. Itis
suficient to distinguish three realizations of the investors’ information set. The investors
potentially learn the actual firm value through firm disclosure or a perfect Rak (x).

In case of an uninformative leak, investors know that the manager has observed the firm
value but they don't learn the the inside informatid®, (= X). If the manager keeps
quiet and there is no leak, investors consider the possibility that the manager is either
uninformed or he knows but avoids disclosure); = 0).

After the market price is formed, the manager can react by revising his initial
disclosure as denoted by (Q2},) € {x,ND}, whereQ), = Qu x €, describes his
information set at this point in time. This option can only be used by informed managers
who have not shared their information at the initial disclosure stage. Uninformed
managers still cannot credibly reveal that they lack information, d’¢Q},) = ND for
Qu = 0. However, informed managers who have initially decided to remain silent
(i.e., d(x) = ND) can provide additional information choosimy(2},) € {x, ND} for
Qu = X. The investors observe a potential disclosure revision and adjust the market price
P'(Q2)) = E[X|Q]] to the updated information s€l] € {x, X, 0}, whereQ] = x denotes
the case that the investors learn the actual firm value either via disclosure or through a
perfect leak. If investors observe an uninformative leak and the manager remains silent at
the disclosure revision stag@; = X is realized. The information s€l; = 0 is realized
either if the manager is uninformed or if he withholds his private signal in the initial and
revised disclosure decision and no leak occurs.

The risk-neutral manager uses his initial and revised disclosure decisions to maximize
his utility, which is the weighted sum of the short-term and long-term market pices,

U=AP+(1- )P, (1)

whered € (0, 1] represents the degree of managerial myopia. For low valugs thie
manager is mainly interested in the long-term market pAicavhich reflects the public
information after disclosure revision. Increasing valueg ohply higher short-termism.
For A = 1, the manager is completely myopic and maximizes the short-term PBrice
For simplicity, we assume that an ifi¢irent manager discloses his private information.

18This assumption coincides with Bagnoli and Wa®6Z1). In line with prior literature, we abstract
from potential agency problems between current shareholders and the manager (368%ye



FIGURE 1
Decision tree of the disclosure game

market price P P’

Figurel depicts the complete game. The information structure is common knowledge.

[1l. R EsuLrs

Benchmark results without information leaks

In the absence of leaks, i.e., for= 0, the manager fully controls the publicly available
information about the firm value. No news arrive after the manager’s initial disclosure
choice, and, therefore, he does not benefit from revising his decision. Consequently, there
is no price movement at the revision sta§e,= P. The dynamic structure of the game

is irrelevant, and the benchmark setting resembles the one-shot disclosure game studied
by Dye (1985 and Jung and Kworl@88. We find a uniquehreshold equilibriumsuch

that an informed manager reveals the firm value whenever it exceeds a threshold level
y € (%, 1) and withholds his information otherwise, i.d(x) = xif and only if x > y.

The economic intuition behind this result is that a manager who observécaesuly
low firm value, x <y, remaining silent and pool with uninformed types. Investors who
do not receive any information (i.€2, = 0) are unable to distinguish the possible causes.
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First, the manager may be uninformed. In this case, the absence of disclosure does not
convey value-relevant information, and the expected firm value equals the prior mean,
E[X] = u. Second, an informed manager may withhold unfavorable news because the
firm value falls below the disclosure threshold. Accordingly, the expected firm value is
the truncated meaB[X|x < y] = E(y). The appropriate market price is the weighted sum

of both valuesu and E(y), with weights that reflect the posterior probabilities of both
events, i.e.P(0) = rou + o= E(y). Managers who observe firm values above

the disclosure threshold separate themselves by revealing their informatiof(i-e x)

and yield a market pricB(x) = x.

To characterize the threshold level, consider the decision of a manager who observes
X = y. Thismarginal typemust be indiferent between disclosing and withholding his
information. That is, the price upon disclosuRfy) = y, and the non-disclosure price,
Pno = P(0), are identical. This yields the equilibrium condition in the benchmark setting,

y = P(0). (ECP)

The unique solution to this equation,e (X, u), satisfies the minimum principle, i.e., it
minimizes the non-disclosure pricByp. An interpretation of this result is that strategic
withholding causes the most skeptical market evaluation (Acharya 20al; Frenkel

et al.2020. This observation generalizes the unraveling result of Grossa#8i) and
Milgrom (1987) to a setting in which investors are uncertain about managers’ information
endowment (see DeMarzo et 8019. It is easy to see that the equilibrium threshold,
y, decreases witlp. A higher probability of being informed reduces the benefits from
pooling with uninformed types. Consequently, there is more voluntary disclosure.

Equilibrium with a myopic manager

Next, we turn to the main model with information leaks. We study the equilibrium in two
steps. First, we consider the case that the manager is completely myopit£.£), In a
second step, we extend our analysis to show how a longer time holfisatsahe results.

A myopic manager’s decision at the initial disclosure stage maximizes the short-term
price P. Thus, we can focus on the initial disclosure decision and neglect any revisions at
a later point in time. Lemma characterizes the equilibrium of the disclosure game.
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Lemma 1. If the manager is completely myopit € 1), there is a unique equilibrium
given by a disclosure thresholdgy(x, ), such that

. X if Q =X

X IT X

d(x) = =Y and RQ) = E(y) if Q = X,
ND else

1-p p(1-7)F(y) . B
rpaFH t Tpepinrm E) IF Qi =0

where Hy) = E[X| x < y]. The threshold satisfies the equilibrium condition

_a(l-y) 1-n
Y= E(y) + mp(@)- (ECY)

Lemma 1 shows that, in equilibrium, an informed manager follows a threshold
strategy. He discloses favorable informationz y, and conceals low firm values. To
understand this result, consider the decision of a manager who learns the firm.vidkie
discloses his information whenever the price upon disclog(pe, weakly exceeds the
expected non-disclosure pri€gp(x). The latter is given by

Pro(X) = E[P(Q1) [d(x) = NDJ
= [y P(X) + (1 - ¢)P(X)] + (1 - 7)P(D). (2)

In contrast to the benchmark setting, strategic withholding implies the no-information
price, P(0), only with a probability of - 7. With a probability ofr, a leak occurs and the
investors learn either the actual firm valgg,= X, or the fact that the manager withholds
his private information{2, = X. Perfect and uninformative leaks occur with probabilities
of ¥ and 1- ¢ and yield market prices d?(x) andP(X) respectively.

For given information se®,, the investors hold rational beliefs about the manager’s
strategy. If they learn the firm value via disclosure or a perfect leak {ke= X), the
market price reflects this informatioR(x) = x. If the investors remain uninformed (i.e.,

Q, = 0), they receive information neither about the firm value nor about the manager’s
information endowment. They infer that the manager is uninformed, or he withholds
unfavorable news. The appropriate no-information prie@), is the weighted sum of
the prior mearnu and the truncated meda(y) as stated in Lemma. In contrast to

"Note that perfect leaks might reveal the firm value even if the manager does not disclose his
information. Thus, in contrast to the benchmark setting, both the disclosure P(igeand the expected
non-disclosure pricédP\p(X), depend on the realized firm value.

12



the benchmark setting, an uninformative leak may expose the manager’s information
endowment without revealing the firm value (i.&,, = X). Investors understand that the
manager withholds unfavorable news. The appropriate priegis= E[X| x < y] = E(y).

In equilibrium, the marginal type who observes the firm value= y must be
indifferent between disclosing and withholding his information, Rfy) = Pyp(y) or,
equivalently,y = n[yy + (1 — ¢)E(Y)] + (1 — nr)P(0). Rearranging this equation yields
the equilibrium condition for a completely myopic manag&gC{"), which difers from
the condition ECB) in the benchmark case in two ways. First, the right-hand side is not
the no-information priceP(0), but the weighted sum d?(0) and the price reactiok(y)
to a manager who is found hiding his private information. The weights depend on the
likelihood and informativeness of leaksandy. Second, the no-information pri¢&0)
itself is dfected byr and difers from that in the benchmark model. We conclude that the
possibility of leaks fects the equilibrium threshold We use conditionECM) to derive
the relevant comparative static results.

Lemma 2. Suppose that the manager is completely myopic,i.e.l. As the probability
p of an informed manager increases, there is more voluntary disclosure, i/d.p&y0.

An increasing probability of an informed managéieats the disclosure threshold via
the no-information priceP(0). In the absence of public information, this price reflects
the probability that the manager is either uninformed or withholding his information.
With increasingp, investors deem it more likely that their lack of information results
from strategic behavior. They shift probability weight from the prior mgdaaward the
skeptical evaluatiok(y) < u, and the no-information pric®(0), decreases. This reduces
the manager’s incentives to conceal unfavorable news. The thregteltteases.

Next, we study how the informativeness of information leglegfects the equilibrium
disclosure threshold.

Proposition 1. Suppose that the manager is completely myopic, A.es, 1. As leaks
become more informative (i.e., they are more likely to reveal the firm value), there is less
voluntary disclosure, i.e., dgy > O for = > 0.

A main result of our analysis is that a manager increasingly withholds his information
if leaks become more informative. To understand this result, consider the equilibrium
condition ECM), which formalizes the indiierence condition of a marginal type, i.e.,
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Po(y) = Pno(y). The informativenessg affects the disclosure incentives of a marginal
type in an unambiguous manner.

If leaks occur with positive probability, a marginal type strictly prefers a perfect leak
over an uninformative leak. The price following a perfect leaR(g = y. This is exactly
the price that the manager expects either from disclosing or withholding his information,
Po(y) = Poo(y) = Y. Hence, perfect leaks do not pose a threat for the marginal type.
If the marginal type however faces an uninformative leak, he is pooled with all lower
types,x <y, which results in a strictly lower pricé&(X) = E(y) < y. Thus, the manager
regrets his non-disclosure decision. This threat of underpricing creates market discipline
and increases the manager’s incentives to preempt uninformative leaks by sharing his
private information. As leaks become more informative, there is a higher likelihood of a
perfect leak and a lower likelihood of an uninformative leak. The disciplintiigce of
uninformative leaks is mitigated with increasing

A well-known feature of the voluntary disclosure model of Dy®8§5 and Jung
and Kwon (988 is theminimum principle which states that the equilibrium disclosure
threshold minimizes the no-information prid&(®) (Acharya et al2011;, Guttman et al.
2014. Investors interpret non-disclosure in with the highest skepticism. In this sense,
the minimum principle generalizes the famous unraveling result outlined by Grossman
(1981 and Milgrom @981) (see DeMarzo et ak019. While the minimum principle
applies to the benchmark setting without leaks, our results show that it no longer holds if
uninformative leaks occur with positive probability.

Corollary 1. Let yyin € [X, X] denote the threshold level that minimizes the no-information
price P(0). We find that \< ymin, where equality holds if and only if uninformative leaks
do not occur with positive probability (i.e., far= 0or y = 1).

Whenever there is chance of uninformative leaks, the equilibrium threghfalds
below ynin, which minimizes the no-information price. This result immediately follows
from Propositionl and the fact thamin = yi,_;. The intuition is that uninformative leaks
create additional market discipline complementing investors’ skepticism. Consequently,
the presence of information leaks allows for equilibria with more voluntary disclosure
than suggested by the minimum principle. This result distinguishes our model from
related work such as Frenkel et &0@0 who study the ffect of external information
sources that generally reveal managers’ private information.
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Another focal question of our analysis is how the likelihood of leaksaffects
voluntary disclosure. According to Propositidn uninformative information leaks
motivate additional disclosure. This finding seems to suggest that a higher likelihood
of leaks amplifies market discipline and fosters disclosure—a result which would be in
line with prior literature (see Dy&998. However, Propositio@ shows that theféect of
7 in not monotone.

Proposition 2. Suppose that the manager is completely myopic,i.e:,1. There is a
critical valuen™ € [0, 1] such that the threshold y increasesriffior 7 < 7' and decreases
in 7 for r > #'. Thatis,#" minimizes voluntary disclosure.

The overall &ects of increasing likelihoog are ambiguous. There is a critical value
7', which maximizes the equilibrium threshagtdnd minimizes voluntary disclosure. For
suficiently high likelihood of leakager > #', further increases in foster disclosure. In
contrast, higher levels aof reduce voluntary disclosure if leaks are less probables'.

Note that the fects of increasing on the expected non-disclosure prieg(y) of
the marginal type are twofold: First, there is a higher likelihood of uninformative leaks,
and the punitive market pricB(X) = E(y) receives a higher weight in the equilibrium
condition, €CM). Hence, the manager faces higher incentives to disclose. We conclude
that a higher likelihood of leaks hagevelation gfect Second, the no-information price
P(0) increases imr. As Lemmal shows,P(0) is the weighted average of the unconditional
mean,u, and the expected firm value conditional on deliberate non-disclo&(y,
While neither of the two valuations directly dependsmrthe probability weights do.
Consider the case that the investors are uninformed,Qe.= 0. If there is a high
probability of leakager, it is less likely that an informed manager was able to successfully
withhold his private information. The investors deem it more likely that the manager is
uninformed, andP(0) approximateg. Conversely, for a low likelihood, it is reasonable
to assume that a strategic manager is able to hide his private information. The price
P(0) therefore moves towards(y), which implies a lower no-information price. We thus
identify a concealment g ct The no-information pricd>(0) increases withr, which
provides incentives for the manager to withhold his private information.
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Proposition 3. The disclosure-minimizing likelihoodr™ is increasing in the
informativeness of leaks, i.ezgdy > 0. In particular, we find that

0] n*|¢zl = 1, i.e., the threshold y is strictly increasing arfor perfect leaks, and

(i) n*|¢:0 =0, i.e., the threshold y is strictly decreasingszrior uninformative leaks.

According to PropositioB, the critical probabilityr” increases as leaks become more
informative. It approaches 1 if all leaks are perfect. In this case, increases of the likelihood
7 generally reduce the amount of voluntary disclosure. If leaks are uninformative with
probability 1 and only reveal the manager’s information endowment, the opposite is true.
There is generally more voluntary disclosure if the likelihood of leakage increases.

Proposition3 shows that the totalfiect of higher likelihoodr on the disclosure
threshold depends on the informativengssf information leaks, which can be explained
by the revelationfect. If leaks tend to reveal only the manager’s information endowment,
there is a higher risk of being underpriced and a marginal type faces strong incentives to
separate himself from lower types. In contrast, the risk of adverse market reactions is
negligible if information leaks tend to reveal the firm value. Thus, the revelatteate
is attenuated by increasing informativengssin contrast, the concealmentect relies
on the no-information priceR(0), which does not directly depend @n In line with this
reasoning, PropositioBishows that the revelatiorifect dominates the concealmeffeet
for ¢ = 0. In this case, a higher likelihood of leakage generally increases the manager’s
willingness to share his information. Conversely, foe 1, leaks do not create market
discipline. An increasing likelihood implies higher no-information price$(0), and
hence strictly decreases disclosure incentives.

We conclude the analysis with a numerical illustration for a uniformly distributed
firm value, X ~ UJO0, 1]. Figure?2 depicts the disclosure threshold as a function of the
likelihood of information leakage. The shaded graphs represent three cases fffiet di
with regard to the informativeness of leaks {0, 0.9, 1}. In line with Propositionl,
the disclosure thresholgis increasing in the informativenegs If information leaks are
perfect with probability 1 (i.e4 = 1), the disclosure threshold is strictly increasingrin
In contrast, if leaks only reveal the manager’s information endownyert Q), a higher
likelihood of leakage fosters voluntary disclosure. Bot 0.9, the disclosure threshold
is increasing up to a likelihood af = 0.72 with a maximum value of = 0.36.
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FIGURE 2
The likelihood of leaks and voluntary disclosure & ~ U[0,1], p=0.8, 1 = 1)
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Disclosure revision and managerial time horizon

Next, we extend our analysis to setting in which the manager is not completely myopic
(1 < 1). Lemma3 characterizes the equilibrium strategies at the disclosure revision stage
and the initial disclosure stage.

Lemma 3. Equilibrium of the dynamic disclosure game

a) Atthe revision stage, the manager reveals the firm value in response to uninformative
leaks, i.e., d(x, X) = x, and remains silent in the absence of leaks, i.€x,8) = 0.

b) At the initial stage, there is a disclosure threshold {x, 1) such that dx) = x if and

only if x> y. The threshold level y satisfies the condition

_a(l-yT) 1-n
y= 1_—WE(V) R p— P(0), (EC)

withy'™ = 1 - (1 - )4 and R0) as given in Lemma.

Suppose that the price at the initial disclosure stage has been realized, and the
manager can react by revising his earlier decision. Disclosure revisions could be useful
if an informed manager withheld his information in the first place and there is either an
uninformative leak @, = X) or no information leak @, = 0).*® Consider the case that

18The disclosure revision stage is irrelevant if the firm value has already been revealed either by
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the investors encounter an uninformative le@k,= X. Thus, the manager can no longer
pretend to be uninformed. A marginal type who observes the firm valsepooled

with all lower typesx < y. He uses the opportunity to separate himself by sharing his
information at the disclosure revision stage. Following the logic of the unraveling result
(Grossmari981 Milgrom 1981), all types must disclose their information in equilibrium.

We can conclude that the disclosure game collapses to the case in which both perfect and
uninformative leaks imply full revelation.

If the manager withholds his private information at the initial disclosure stage, and
his strategic behavior is not detected, (= 0), he can either revise his initial decision
or continue to pool with uninformed types. He shares his information whenever the
disclosure priceP;(X) = x exceeds the non-disclosure prieg, = P'(0). According
to Lemma3 a), this case cannot occur in equilibrium. The argument relies on the fact that
i) the expected non-disclosure price at the initial stage is lower than the non-disclosure
price at the revision stage, i.&2\p < P}g, and ii) the manager has not disclosed his
information at the initial stage, i.ex,< Pyp.

At the initial disclosure stage, we identify a unique disclosure equilibrium. The
equilibrium condition EC) is structurally identical to the conditionECM) with a
completely myopic manager. Itftiers only in the (&ective) informativeness parameter
W' € [y, 1], which weakly exceeds and is decreasing in managerial myopia\We can
conclude that a longer time horizon has the saffexeas higher informativeness of leaks.
ForA = 1, the manager does not benefit from the opportunity to revise his initial decision.
He is fully exposed to the pricing implications of uninformative leaks and increases his
voluntary disclosures to preempt adverse market reactions. With increasing time horizon,
the manager assigns more weight to the market price after the disclosure revision. For
A — 0, he only cares abol, and information leaks lose their disciplininffects.

Proposition 4. If uninformative leaks occur with positive probability (i.e.z#if> 0 and
Y < 1), increasing managerial myopia motivates more disclosurgddly O.

Managerial myopia strengthens the disciplinirfteet of uninformative leaks. More
myopic managers are exposed to the threat of adverse market reactions and tend to
preempts leaks. This follows from Propositiband the fact thay' decreases in.

disclosure or by a perfect leak. We therefore focus on the case that an informed manager withholds his
information at the initial stage, and the firm value is not revealed by a perfect leak.
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I\V. PROPRIETARY COSTS

In the previous analysis, we have assumed that firm disclosures provide useful information
to investors but do notféect the firm value. In many practical settings, sharing proprietary
information is associated with considerable costs. For instance, information about a firm’s
product portfolio or its contractual relationships can be used by rivals to gain a competitive
advantage or by suppliers and (retail) customers to improve their positions in contract
negotiations. If firms expect costs of information sharing, prior research suggests that
they adjust their disclosure behavior accordingly (e.g., Jovari®8€ Verrecchial983
Darrough and Stoughtat®9Q Wagenhofed 990.

We extend our model to study the consequences of proprietary costs in the presence
of information leaks. A revelation of information at the initial disclosure stage is costly.
More specifically, the firm incurs a cog,), which depends on the available information
Q, (e.g., Verrecchid 983 Heinle et al.202Q Cheynel and Zin2021). Accordingly, the
market price at the initial disclosure stagdi®2,) = E[X|QQ] — x(€2,). Disclosures at the
revision stage come too late to be used against the firm and do not cause aniy costs.

Letx(X) = ¢ > 0 and«(X) = 6c denote the costs of perfect and uninformative leaks,
respectively, wheré € [0, 1]. If investors do not receive any information, we normalize
the costs to zerog(0) = 0. Our assumptions ensure thdk) > «(X) > «(0), which is
descriptive of settings in which more precise public information causes higher proprietary
costs. This seems reasonable because more precise information allows third parties to
tailor their potentially harmful actions to the actual economic conditions. In case of an
uninformative leak, outsiders learn that the manager has decided not to share his signal.
This information helps them narrow down the region of possible firm values. The factor
6 € [0, 1] measures the relative size of the proprietary costs caused by such uninformative
leaks. Fow = 0, the information conveyed by uninformative leaks cannot be used against
the firm. Foré = 1, uninformative leaks and perfect leaks are equally harmful and cause
identical costg. To avoid uninteresting cases in which managers generally withhold their
private information, we limit the maximum disclosure costs assumiag — u.

We follow the procedure in the main analysis and first study a setting with a
completely myopic manager, i.el,= 1. With the same arguments as above, there is a

Bintuitively, a timelier disclosure causes higher proprietary costs. We obtain similar results if
disclosures at the revision stage are accompanied by costs that do not exceed the costs at the initial stage.
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unique equilibrium characterized by a threshypld (x, X). The price reactions to perfect
and uninformative leaks af(x) = x—candP(X) = E(y)-dc, respectively. As in the main

analysis, the equilibrium is characterized by thefigence condition for a marginal type
who observes the firm value

y=nlyly-c)+(1- w)(E(Y) = 6)] + (1 - m)P(0)

TR + 1 PO) (EC™)

& y-C= 1

whereC = (1- ”(11_;7;”2‘5)0 € [0,c]. A comparison with the equilibrium conditiorECM)
shows that the féect of proprietary costs can be summarized in tfieative cost term
C. Higher dfective costsC, imply a higher thresholg and hinder voluntary disclosure.

Proposition5 summarizes the directfects of disclosure costs.

Proposition 5. Suppose that the manager is completely myopie,1. Increasing costs
of revealing the firm value hinder disclosure, i.e./dg> 0. In contrast, increasing costs
of uninformative leaks foster disclosure, i.e./dy < O.

In our setting, the manager cannot avoid disclosure costs by withholding his private
information. Even if he remains silent, there is a risk that leaks reveals information and
triggers proprietary costs. Any increase in the disclosure cdbesrefore &ects both the
disclosure pricé’p(X) and the expected non-disclosure prigig(X). Note however that
the dfect on the non-disclosure price is weakerc Ihcreases by 1Pp(x) decreases by
1 while Pyp(X) decreases by only(y + (1 — ¥)6) < 1. Hence, higher costspenalize
disclosure rather than strategic withholding, and the disclosure threghaiceases irc.
Proposition5 shows that increasing the costs of uninformative leaks has a countervailing
effect. The reason is that higher levelssoflo not dfect the disclosure pricBp(x) but
only penalizes non-disclosure. Consequently, increasing costs following uninformative
leaks reduce the threshold leyehnd provide additional disclosure incentives.

Interestingly, the size of theffective costsC also depends on the likelihood and
informativeness of information leaks. Itis not obvious whether the presence of proprietary
costs changes the comparative statics with regavddady. We therefore revisit the
results of the previous section in Propositi&n
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Proposition 6. Effects ofr andy with a completely myopic manager (i.8.= 1)

a) Increasing informativenegsreduces disclosure, i.e., fiyy > 0 for 7 > O.

b) There ist* € [0, 1] such that y increases imfor = < #* and decreases for > n*.
The valuer* weakly decreases in It may increase or decrease in c.

The dfective disclosure costS are increasing in the informativeness of information
leaksy. Thus, higher levels af not only reduce market discipline (see Propositign
but also raise thefiective disclosure costs. In line with our previous analysis, a higher
informativeness of leaks reduces voluntary disclosure.

An increasing likelihood of leakage reduces theeetive costsdC/dr < 0. This
effect can amplify or countervail the forces identified in Proposition Our results
show that the comparative statics results of ProposRiare robust to the consideration
of proprietary costs. A higher likelihood of leaks hinders disclosure if leaks are rare
events, i.e., forr € [0,7%], and fosters disclosure if leaks areffstiently probable,

i.e., form € [#* 1). Intuitively, the regiont € [n*,1) where information leaks foster
voluntary disclosure is increasing in the costs of uninformative leaks. Recall that higher
0 strengthens disclosure incentives. Thiteet is amplified by a higher probability of
leakage. Given that the proprietary costaffect both the disclosure price and the non-
disclosure price, thefiects on the critical valug* can go either way.

Next, we study the féects of managerial myopia and allow for< 1. An informed
manager maximizes the weighted sum of the initial pRand the revised pricE'.

Lemma 4. Equilibrium of the dynamic disclosure game

a) Atthe revision stage, the manager reveals the firm value in response to uninformative
leaks, i.e., dx,X) = x. If no information is leaked, there is a thresholdey (X, Y]
such that an informed manager discloses his information if and onlgif/x

b) At the initial stage, there is a thresholdey(x, X) such that §x) = x if and only if
x> y. We identify a level of myopi# < (0, 1] such that y satisfies the condition

_Ct= a(1-y7) E - P E
with P(0) as defined in Lemma
[ e i< . if A< 2t
T { 1Ay ST andyt = v e
1_—7%0 else 1- (l - lﬁ)/l else

21



Lemma4 shows that proprietary costs do not considerably change the structure of
the equilibrium. Again, an informed manager reacts to uninformative leaks by disclosing
his private information. As in our main analysis, this has implications for the disclosure
decision at the initial disclosure stage. However, disclosure costs have an addftiecial e
in our dynamic setting. Some managers remain silent at the initial disclosure stage and
instead share their information at a later point in time to avoid proprietary costs.

In line with this argument, we identify cases where a manager revises an earlier non-
disclosure decision even though he is not exposed by a perfect or uninformative leak. A
necessary condition for this result is that the manager is not too myopic} ked* for
a critical levelA* € (0, 1]. In this case, some managers delay their disclosure decision to
the disclosure revision stage to avoid the proprietary costs. There is a thrgshold
such that a manager who obserwes [y', y) remains silent at the initial stage but shares
his information at the revision stage. In contrast, a more myopic managen?, has a
higher interest in the short-term market price. He therefore accepts the disclosure costs in
order to be able to influence the priBeat the initial stage. Such managers never delay
the disclosure decision to the revision stage, y'es V.

We can conclude that the manager’s motive to avoid disclosure costs reinforces the
effects identified in our main analysis. In line with Propositégnhigher managerial
myopia fosters voluntary disclosures at the initial disclosure stage. Coral&rgws that
this result even holds in the absence of uninformative leaks as long as there are positive
proprietary costs. This underpins the robustness of our findings.

Corollary 2. Assume that there are proprietary costs>c0. Even in the absence of
uninformative leaksy( = 0), increasing managerial myopia motivates more disclosure,
i.e., dyda < 0for A < A* and dyda = O for A4 > A%,

V. ROBUSTNESS RESULTS

Leakage of noisy signals

Thus far, we have considered informativeness as the conditional probability distribution
over extreme types of leaks. This simplifying assumption ensures the tractability of the
model. In this section, we consider an alternative notion of informativeness to show the
robustness of our main results.
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For simplicity, we focus on a uniformly distributed firm value,~" U[x, X], and
a completely myopic managet, = 1. The manager observes the realizatiowith
probability p € [0, 1], and information is leaked with probabilitye [0, 1). In contrast to
our main analysis, all leaks have the same structure: The investors observe a noisy signal ~
about the firm value, which is uniformly distributed with support|e, X+ €]. The length
of this interval is a natural measure for the informativeness of the leaked information.
We therefore define informativenessyas: 1/e. Fore = 0, information leaks reveal the
inside information with probability 1, which corresponds to the aase 1 in our main
analysis. Foe > X — X, information leaks do not directly convey any information about
the firm value. This corresponds to the case 0 in our main analysis. We restrict the
analysis to threshold equilibria with a disclosure threshotd[x, X] such thatd(x) = x
for x > yandd(x) = ND for x <.

When making his disclosure decision, an informed manager must compare the
expected price reactions upon disclosure and non-disclosure. If he discloses his private
information, the market price Bp(X) = x. If he keeps quiet, the investors may receive
a signals € [x — €, X + €] and price the firm based on their beliefs about the manager’s
disclosure strategy. A marginal type who obserxes y must be indiferent between
disclosure and non-disclosure, i.e.,

y=n-P(ly)+(1-n)- P0), 3)

whereP(¢, X) = EJ[E[X|s, y]|X] denotes the expected price reaction to an information leak
for a given firm valuex. As in the main model, the no-information price is

1<

1- p-(1-7)- &= X+Yy
Pt =2 e
l-p+p- (-7 1-p+p-(L-m- 5% 2

X— X

1<

P(0) =

1<
B

Condition @) is similar to the equilibrium condition in our main analysis. The only
difference is that the expected price reaction to an information leak, which was previously

U -y+ (1—v)- E(y), is now replaced byP(¢, y).

23



Lemma 5. For given market beliefs about the disclosure threshold y, a manager who
observes x y expects the following market price in response to an information leak:

—2% if y> 2+ X
P(L,y) =
(&) X+y (y—z)i; olse

2 8

Note that R¢, y) is increasing in the informativenegsof potential leaks.

Lemmab5 shows that a decreasing informativeness of leaks motivates an adverse
market reaction. That is, the investors discount the observed signal realigalitws is
comparable to our main analysis. As investors receive less precise information about the
inside information, the market prid&(¢, y) increasingly reflects the fact that the manager
withholds bad news. Based on LemrBawe show that there is a unique threshold
equilibrium and confirm the results of our main analysis.

Proposition 7. There exists a unique threshold equilibrium with equilibrium threshold
y € [X, X] such that dx) = x for x> y and dx) = ND for x < y. We find that:

() There s less voluntary disclosure if leaks become more informative, i/elydyO0.

(i) There is a critical valuer* € [0, 1] such that the threshold y increasesrfor = < 7
and decreases in for = > 7, i.e.,n* minimizes voluntary disclosure.

(iii) The disclosure-minimizing likelihoods*, is increasing in the informativeness of
leaks, i.e., d*/dy > 0.

Proposition7 confirms the results of our main analysis and illustrates that our findings
are robust with respect to the model of informativeness.

VI. C oNCLUSION

This study addresses thffexts of information leakage on managers’ decisions to provide
voluntary disclosure to the capital market. In contrast to external information sources,
leaks generally reveal that the management is endowed with private information but
has decided not to share it. This has a considerable impact on managers’ strategic
disclosure decisions. Depending on the informativeness and likelihood of information
leaks, managers might decrease or increase voluntary disclosure.

24



If leaks are not perfectly informative about the private information, managers face
the threat of adverse market reactions. They increase voluntary disclosures to preempt
information leaks and to avoid the risk of underpricing. This disciplinifiga vanishes
as information leakage becomes more informative about the firm value. Increasing
the likelihood of leakage amplifies the revelatioffieet while causing a countervailing
concealmentféect. The reason is that uninformed investors assign higher market prices
as they deem it less likely that managers successfully withhold their private information.
This provides incentives to withhold more information and undermines market discipline.
The total éfect of a higher likelihood of leaks depends on their informativeness about
the private information. If leaks are iciently informative, a higher likelihood of leaks
reduces voluntary disclosure. Otherwise, a higher likelihood of leakage fosters disclosure.

Moreover, we show that the discipliningfect of information leakage is particularly
strong if managers are myopic and interested in short-term price reactions. In this case,
they are particularly vulnerable to adverse market reactions and cannot undo the avoid
underpricing by additional disclosures. Our results therefore predict that managerial
myopia fosters voluntary disclosure.

These findings fier novel empirical predictions. Our results suggest that fieeeof
a higher likelihood of leakage depends on the information content of potential leaks. If
the economic consequences of leaked information diiewli to understand for outsiders,
which is particularly the case in industries with complex business models and innovative
products, information leaks foster voluntary disclosure. In contrast, if leaks clearly
reveals the corresponding value implications, we expect that a higher likelihood of leakage
reduces voluntary disclosure. Moreover, we expect that possibility of information leaks
motivates voluntary disclosures if managers’ benefit from short-term price reactions and
cannot react to information leaks in a very timely manner.
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Proors

Proof of Lemma 1

An informed manager makes his decision to maximize the expected marketRritfe,
he discloses the firm value, the market reaction i®p(x) = X. If he withholds his
information, the expected market price is given by

Pro(X) = 2y P(x) + (1 - )P(X)] + (1 - 1)P(0). (5)

Disclosure is optimal if

(1 W)

PD(X) > P[\D(X) =1

P()

(6)

whereP(X) andP(0) do not depend or. As the left-hand side of is strictly increasing

in X, the manager discloses his information whenexesxceeds a threshold valye
determined by the investors’ beliefs. This observation helps us to specify the equilibrium
market price$?(X) andP(0):

P(X) = E(y), P(0)=pr[Qm =0[Q =0lu+(1-prfQu =012 =0DE(W). (7)

where

priQu = = 0] _ 1-p
priQ = 0] 1-p+pl-mF(y)
A manager who observes the firm value= y must be indiferent between disclosing

and withholding his information. This yields the equilibrium conditg(y) = Pro(Y).
Substituting $) and (7) yields the following condition:

priQm =01 =0] = 8

y=7alyy+ (A -yYEWY)] + (1 -71)P©). 9)

=Pro(y)

Fory = X, the right-hand side becomes + (1 — 7)u and strictly exceeds the left-hand
side,x . Fory = y, the left-hand side equals which exceeds the weighted average:of
andE(u) on the right-hand side. Due to continuity, there exysts(x, 1) that satisfies the

equilibrium condition. Rearrangin@) yields the conditionEECM).
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Next, we prove uniqueness. It isfBaient to show thaPp(y) is increasing iry at a higher
rate tharP\p(y). This is the case if

dPp  dPp
Rearranging yields
Pro(y) =y — (1 -m)(y - P(0)) — (1 - ¢)(y - E(Y)). (11)
We can therefore conclude that
dPyp dP(0) _ B ~ dE(y)
d—y_l—(l—yr)(l——dy ) (1 w)(l —dy ) (12)

We know thatdE(y)/dy < 1 given log-concavity of the distribution. To prove the
inequality in (L0), it is suficient to show thatlP(0)/dy < 1. Using the representation
in equation {), we find that

dP@) _ _p(l-p)A-n)f(y) pd-mF(@)  dEY)

dy ~ -pr - RO S T o oFy) ay
<1 <1
O

Proof of Lemma 2
Consider the equilibrium threshoidas a function ofp, i.e.,y = y(p). The equilibrium
condition (?7?) is equivalent to

y-Prol(y. p) =0, (14)
whereP\p(Y, p) is a continuously dierentiable function of andp. By use of the implicit
function theorem, we find that

dy  9Pw/0p
dp 1-dPyp/dy (15)
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In the proof od Lemmadl, we have established thdP\p/dy < 1. Hence, the sign of
dy/dpequals to the sign of

Po _ . IP0)
p (L=m) ap
(1-n)F(y)
= - — E(y)) <O. 16
@-p+pa-nrer” (19)
O
Proof of Proposition 1
Applying the implicit function theorem to the equilibrium conditid®) {ields

dy  1-dPyp/dy’

We know from the proof of Lemma that 9P\p/dy < 1. Hence, the sign adly/dy is
identical to the sign of

P
Ty ="V~ E0). (18)

which is strictly positive foer > 0.

Proof of Corollary 1
Using integration by parts, the pri€¥0) as characterized in Lemniacan be stated as

y
(1- pju+ p(L-n) [F(y)y— fF(x)dX)

P(0) = 19
© - p+ PAL-IFO) 19)
Differentiation with regard tg yields
dP(0) (1-n) [
S0 @ ymemu- BT | Fooax (20)
It is easy to see that,n minimizesP(0). Next, evaluate the conditio®)for ¢ = 1:
y=ny+(1-mP@0) < Y= Ymin (21)
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Thus, the result of the Corollary follows directly from Propositibn

O
Proof of Proposition 2
Applying the implicit function theorem to the equilibrium conditid®) {ields
dy  0Pw/on
dr ~ 1-dPyp/dy (22)
with dPyp/dy < 1. The sign oldy/dr therefore corresponds to the sign of
0P (1- P - Ey)
=— - E(y)). 23
or ~ @-prpa-nryy L= =3)
=A =°
We first consider the special cases: 0 andy = 1. Fory = 0, equation 23) yields
Po| ___(1-pPu-EY) (24)
om ly=o  (1-p+p(l-mF(y)?
i.e., we can conclude that|,_o = 0. Fory = 1, condition @) can be rearranged to
Y- E() = ——P (i~ E() (25)
1-p+pl-nF(y) '
Substitution into 23) yields:
P (1-p)(u—-E(y) ( 1-p )
— = 1- > 0, 26
o7 b~ T-prpA-NFO\' 1= pr pL-IFO) (20)

and findr'|,-; = 1. Finally, we turn to the case € (0, 1). Forr — 1, condition ) yields
y — E(y) which can only be satisfied yfapproacheg. We therefore find that

im2e oy <o 27)

n—1 87'[

Due to continuity, there isa < 1 such thaP\p is decreasing imr € [x, 1]. Define

7t = inf {g e [0,1] ' ‘95—“3 <0forallx e [x, 1)}. (28)
T
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It remains to show thaiPyp/dn > 0 forn € [0, 7). Fora™ = 0, there is nothing left to
prove. Consider the casé > 0. Due to continuity, we can conclude that

0P

o7, g

= 0. (29)

Assume that there ig* € [0, 7') with 0Pyp/07],—- < 0. Due to continuity, there must be
arn € (7*, n") anddPyp/0n|.—z = 0 such that

P

<0 forall z € [n*, 7). (30)
on

According to 2), y must be weakly decreasing ine [*, ]. This observation helps us
to make inferences on the slope Afand B as defined in equatior28). Note thatA is
strictly decreasing ity and increasing imr whereasB is increasing iry. Altogether, we
can conclude that (jPnp/07l.-z = 0 and (ii) 0Pnp/dr is strictly decreasing in the range
n € [n*,7]. As a consequence, we have

9P

>0 forallz € [n*, 7), (31)
on

which contradicts30).

Proof of Proposition 3

In the proof of Propositior2, we have already established théf,_o = 0 andr’|,-; = 1.
We therefore turn to the cagec (0, 1). Considerr™ as a function ofy, i.e.,n" = n'(y).
Moreover, lety(r, ) denote the disclosure threshold as a functiom ahdy.. The critical
likelihood " is characterized by the condition

Pro
or

F(r' (), v) = V" W), v), 7" (W), ¥) = . (32)

By use of the implicit function theorem, we obtain

F (' ().p)
dr'W) _ "~ w (33)
dyr IFE W) |

on
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We find

OF(W).Y) _ FPo By PP

_ 0 34
oy ooy oy | omdw (34)
——— —— N——
>0 >0 >0
and
OF(x"(¥),y)  0°Po 0y Py
ar " amdy or o "0 (35)
0 0
>0 = <

The sign of the components can be easily confirmed using the expressi8) as(well
as Propositiorl and the fact thady/dr(z" (), ) = 0.

Proof of Lemma 3
First, consider the equilibrium at the disclosure revision stage. If an informed manager
faces an uninformative leak, i.eQf, Q) = (x,0), the investors know the manager’s
information endowment. Thus, the unraveling result applies and all informed managers
truthfully disclose their information. Next, consider the case that a manager’s strategic
behavior has not been uncovered by a le&k,,([Q,) = (x,0). Assume that there is an
equilibrium, where some managers revise there initial non-disclosure decision and share
their information. This necessarily implies that there is less strategic withholding than at
the initial disclosure stage. As a consequence, the no-information prices at the initial and
revised disclosure stages satisfy the ordeRh(@) > P(0). However, if a manager of type
x found it optimal to remain silent in the first place, it must hold that P\p(X) < P(0).
This impliesx < P'(0). The manager has no incentive to revise his initial non-disclosure
decision. This contradicts the our assumption and completes the proof of a).

In his initial disclosure decision, an informed manager anticipates future disclosure
revisions. He compares his utility from disclosuid(x) + (1 — 2)P'(X) = X, with the
expected utility from non-disclosure,

APpo(X) + (1 — A)E[P'(X) | d(x) = ND], (36)
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with Pyp(X) according to 2), and
E[P"(X)|d(X) = ND] = ax + (1 — 7)P(0). (37)

With the same arguments as above, there is a unique threshold equilibrium. The threshold
y € (X, u) satisfies the indierence condition

y = APo(y) + (1 = Dy + (1 - m)P(0)]. (38)

Simplifying the right-hand side yields the condition in b).

Proof of Proposition 4

Apparently,; is decreasing in becausely’/dA1 = —(1 - ) < 0. Thus, higher myopia
has the samefkect as a decreasing informativeness of information leaks. According to
Propositionl, this is accompanied by more voluntary disclosure.

Proof of Proposition 5

With the same arguments as in the proof of Leniimae establish that there is a unique
disclosure equilibrium with thresholge (x,X). A manager who observes the firm value
x compares the disclosure priBg(x) = x — ¢ with the expected non-disclosure price

Pro(X) = g (x =€) + (1 = ¥)(E(Y) — 60)] + (1 — m)P(0), (39)

with P(0) according to Lemmd. The thresholdy is characterized by the inierence
conditionPp(y) = Pyp(y) and can be rearranged to

ﬂ(l—(ﬁ)E(y)_l_ l1-n

y-C= 1-nmy 1-nmy

P(0), (40)

whereC = (1-Z%=2%)c. Fory = x, the right-hand side of this condition exceeds the
left-hand side. The slope of the left-hand side is steeper than that of the right-hand side.

Thus, increasing levels & imply higher threshold valugs The results follow from

dC _, a(l-y)s . dC_ a(l-y)c _

dc 1-nmy ds  1-ny 0. (41)
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Note that the disclosure threshglds maximized fos = 0 andy = 1. Even in this case,
the assumptior < X — u ensures thay < X. That is, there are always some managers
with sufficiently high firm values who disclose their private information.

Proof of Proposition 6

First, we study the comparative staticsyofvith regard tor. As shown in the proof
of Proposition2, the sign ofdy/dr is identical to the sign 0dP\p/ox. Based on the
expression in equatior3®), we obtain

P (1- P - EW))
on (1-p+ p(l-n)F(y)

+y(y - E(y) - (1-9)c) - éc. (42)

We use the same arguments as in the proof of Propogitioshow that there is* € [0, 1]
such thathPyp/dr > 0 for 7 < n* anddPyp/0n < O for 7 > #n*. The critical valuer* is
either a boundary value, i.ett € {0, 1}, or it is characterized by the condition

G(6, m,y(6, 7)) = 3';_:3(5’ my(6, 7)) =0 43)

for all 6 € [0, 1]. Differentiating this equation férand rearranging yields

drt 96 G dy
7T 96 lr=nt (7y n=nt ds lp=n*
E = — @ . (44)
on lp=n*
We know thatr" maximizes the disclosure threshoid.e.,
96 < 0. (45)
OT | ept
Propositions shows thatly/ds < 0. Moreover, it is straightforward to see that
0G 0G
- - _(1- = 4
5. (1-y)c<0and 3yl >0 (46)

In line with the Proposition, we can conclude that/ds < 0. Numerical examples show
that the comparative statics of with regard toc are ambiguous.

Next, we study the comparative staticsyovith regard tay. As shown in the proof
of Propositionl, the sign ofdy/dy is identical to the sign 0bP\p/0w. Based on the
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expression in equatior3®), we obtain

P

- n(y - E(y) - (1 - 6)0). (47)

This expression is positive if and onlyyf- E(y) > (1 - 6)c, wherey — E(y) is increasing
in y. The comparative statics analysis with regardrtehows that the thresholgis
minimized either byr = 0 or forr — 1. Forr — 1, the equilibrium condition yields
lim,_1y— E(y) = (1-6)c. Forz = 0, we find that

1-p

m(ﬂ - E(y)) > (1-9d)c (48)

y-E(y)=c+

We can conclude that the derivativ&r] is strictly positive forr > 0.

Proof of Lemma 4

Note that disclosures do not cause any proprietary costs at the revision stage. Hence, if
a strategic manager experiences an uninformative leak, unraveling ensures that he shares
his private information, i.ed"(x, 0) = x.

Next, consider an informed manager who withholds his private information at the
initial stage and is not exposed by a leak. Because the manager remains silent at the
initial stage, we know that he has observed unfavorable informatieny. At the revision
stage, the manager compares the disclosure prigih the non-disclosure pricé'(0).

Any equilibrium must be a threshold equilibrium. The equilibrium threshyolsatisfies
the conditiony’ = min{y*, y}, wherey* € [X, X] satisfies the indference condition

1-p . pA-nF)
1= p+pA-MF)" " 1= p+ pAL-DFE)

Fory* >y, we havey’ =y, i.e., the manager does not revise his non-disclosure decision
at the revision stage. Fgt <y, there is a region of firm valugse [y',y), which are not
disclosed at the initial stage but revealed at the revision stage even in the absence of leaks.

y =P =

E(Y). (49)

We first consider an equilibrium that satisfigs< y. The equilibrium thresholg
at the initial disclosure stage is given by the fiiigience condition of a marginal type
who observes the firm value = y. If he discloses his information, the firm’s market
price in both periods ig — c. If he remains silent, the non-disclosure prigg(y) at the
initial stage is given by equatio2). The price at the revision stageyis- c ory — éc if
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a perfect or an uninformative leak occurs. If there is no leak, the marginal type discloses
his information at the revision stage because we have assyimeg. The market price
iIsy. Hence, the indference condition of the marginal manager is

y = APo(Y) + (1~ DE[P(¥) |d(y) = NDJ, (50)

whereE[P'(y) | d(y) = ND] = #(y(y — c) + (1 — ¢)(y — 6¢)) + (1 — n)y. Rearranging this
condition yields

1-

1-n n
PO (51)

1-my

y—C$=(1— )E(y)+

with P(0) according to Lemmd andC* = WC. Note thatC* is decreasing in

andC* — oo for 4 — 0. Thus, the assumption < yis satisfied for low levels of myopia,
A < A*, For reasons of continuity* is given by the conditioly = y* or equivalently

gl +(1-9)0)1-p+pd-mFly) ¢

1) i-p e > P

Next, consider an equilibrium whege > v, i.e., in the absence of information leakage,

the manager does not revise his earlier non-disclosure decision. A manager who withholds
his information at the initial stage anticipates that he will also remain silent at the revision
stage if no leak occurs. We therefore filgfP" (y) | d(y) = ND] = #(y(y — ¢) + (1 — ¢)(y -

6C)) + (1 — n)P(0), which yields the equilibrium condition

1-n
11—yt

l-n
—

V= C = (1= T B + g PO (59)
with C* = = Clc andyt = 1 - (1- y)A. Itis easy to see thatis decreasing in,
i.e., the assumptioy” > vy is satisfied for sfficiently high levels of myopia. Again, the
critical level of A is given by the conditioly = y*, which yields the same expression as in

equation $2).

Proof of Corollary 2

Consider the equilibrium thresholdaccording to Lemmd for ¢ = 1. Apparentlyy is

decreasing im for A < A* because&C* is decreasing. Fot > A%, they is independent of

A. Moreover, it is easy to see thats continuous afl = A%, which completes the proof.
O
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Proof of Lemma 5

Consider the disclosure decision of a marginal type= y. When determining the
expected market price in response to a leak, we must distinguish two cases. First assume
thaty — X < 2e. In this case, we have

X+€ X+ Y+€e _
! j\ :—!ds+j“ S E+yd%
€\Jy-e 2 e 2

EEIXs YlIx=Y] = 2—(

_Ae(x+Y) + (x—y)?

8 (54)

The first integrals represents all cases véith ¢ < x and the second integral the cases
with s— e > x. Because of — X < 2¢, both cases are possible: Giver y, the lowest
possible signal iy — €. Given a signal realizatios = y — ¢, the lowest possible value of
XiSS— € =Yy - 2e. Fory — x> 2¢, we have

o 1 (Ms—e+
ElEfs Y=yl = 5 [ S5 Yas—y- (55
y—€

2¢€

If we combine both cases and substitute = 1/e, we obtain the market price
P(¢,y) according to the Lemma. Apparently, botbd) and 65) are increasing in the
informativeness.

Proof of Proposition 7

First, note that the market pric®({,y) according to Lemma5 is continuously
differentiable and satisfie;%P(f, y) < 1. As a consequence, the equilibrium condition
(3) has a unique solutiop We have to show that this is in fact an equilibrium. That is,
all managers observing < y have an incentive not to disclose, and all managers with
x > y will disclose. The diiculty is that the expected price reaction to a |&4K Xx) is a
function of the observed firm value A manager of type will disclose if and only if

x >rP(¢, X) + (1 — 7)P(0). (56)
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For X — X < Z2¢, itis easy to see that

1 ¥€X+S+e XeExX+X *es—e+X
P(f,x)_z—e(fx_E — ds+ fh — ds+ L+E — ds)

_ 2X(%- %) - (R+ Q)R- x— 49)

57
8 (57)
As a consequence, we establi%P(f, X) = % < 1. Next, we consider the case
2e < X — X < 4e. Here, we consider three sub-cases.
ForX — x < 2e andx — X < 2¢, we find
1 Xte Y 4 S+ € X—€ X+GS—6+7(
P = — —_— —
(¢, X) e (fX_E > ds+ L+E sds+ fh > ds)
2X(X=X) - X+ X)(X—-x-4
_ 2X(X-X) — (R+ (X=X 4e) 8)
8e
It follows that%(P({’, X) = %‘ < 1. ForXx-x < 2e andx— x > 2¢, we find
1 X—€ X+€ S—e+X
P =— Y S—
(¢, x) e (fx_f sds+ fh > ds)
2X(X + 2€) — (X — 2€)? — X2
_ 2(X+29 - (X- 2 - % (59)
8e
Again, it follows that% P(¢, x) < 1. ForX— x> 2e andx — X < 2¢, we have
P(L,X) = = f+5)—(+s+eds+fx+gsd
Y 26 X—€ 2 Xte
X — X)? + 4(X + X)e + 4€?
_ (X=X + A+ e+ 4e ©0)

8e

Itis easy to see tha§ P(¢, x) < 1.

It remains to consider the case 4 X, which again requires the analysis of three sub-
cases. The analysis of these sub-cases is analogous to the prior derivations. We therefore
omit a detailed analysis. We generally find tlg?@?(f, X) < 1.

These results show that a manager who obsexvesy never finds it optimal to
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disclose his information. It remains to show that all managers who obgeryehave an
incentive to disclose. Apparently, Bayesian updating is not possible for signal realizations
S > Yy + € because this observation is not consistent with the equilibrium. For such signal
realizations, we assume the most pessimistic bsliek. This assumption is consistent
with the concept of a perfect Bayesian equilibrium. We only consider theycage> 2e.

The case/ — x < 2¢ is analogous. Given this assumption, we findxXat y + 2¢ that

V+e o S—€
P(f,x):zi(f S ;+yds+ (s—e)ds)
€ \Ux—e V+e

_ (x= Y)? + 4(X + Y)e — 4€?
8¢ '

(61)

Again, we confirm%P({’, X) < 1. This also holds fox > y + 2¢. In this case, we obtain
P(¢,X) = X—e€.

As in our main analysis, we are interested in the comparative statiga,af) with
respect tay andy. First, it can easily be established tlyét, y) is increasing iny. The
proof is analogous to the proof of PropositibrKey here is that the equilibrium condition
(3) depends ow only via the market pric®(¢, y). Therefore, we can conclude that

) = oY) (62)
and the comparative static result follows from the comparative statieg/oy).

Next, we study the comparative statics with respect.tdt is important to find an
analogue to equatior2®). As in the main analysis, it can be shown that

aP_I\D ) = — (1 - p)z(ﬂ - E(y))
on (y( )» ) = 1-p+p(l- 71')':()/))2

=A

+P(l.y) - E(Y). (63)

=B

The expressior is exactly the same as i2). Furthermore, the expressi@has the
same properties as i23). For exampleP(¢,y) is non-decreasing in. Using this result,
it is easy to show that(r) has an inverted U-shape.
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