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Abstract

We study how increasing whistleblower incentives affect a firm’s communication de-
cisions, price informativeness and real efficiency. An informed manager, who can divert
cash for private benefit, privately communicates with his employee about project fun-
damentals and chooses investment. Given her information, the employee maximizes
internal alignment and can leak the manager’s message with some noise. Stronger
whistleblower incentives lead to more informative leaks, less misconduct and higher
price informativeness. However, they can decrease firm value and real efficiency by
increasing the manager’s manipulation of internal communication. More targeted poli-
cies (e.g., mandating more public disclosure) improve both price informativeness and
real efficiency.
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1 Introduction

Publicity s justly commended as a remedy for social and industrial diseases.
Sunlight is said to be the best of disinfectants; electric light the most efficient
policeman.

— Louis Brandeis, Other People’s Money — and How Bankers Use It (1914)

Regulators encourage public whistleblowing to deter wrongdoing by firms. For exam-
ple, the Securities and Exchange Commission (SEC)’s Dodd-Frank Whistleblower Program
is designed to improve stakeholder protection and provide incentives to whistleblowers in
financial markets.! Since inception, the program has awarded more than $1.9 billion to 397
whistleblowers, and has led to SEC enforcement actions with remedies in excess of $6 billion.
In fiscal year 2023 alone, the SEC’s Office of the Whistleblower received over 18,000 tips and
awarded nearly $600 million as part of the program.

While these policies are arguably effective at detecting unlawful behavior by firm insid-
ers, they can also have unintended consequences. By increasing the likelihood that internal
communication is leaked publicly, these policies may distort how a firm’s employees commu-
nicate with each other within the firm and to market participants. As a result, the overall
impact of higher whistleblower incentives on real (allocative) efficiency is not clear. We show
that increasing whistleblower incentives can reduce the incidence of misconduct within the
firm and improve price informativeness. However, it can lead to lower real efficiency, espe-
cially when alignment within the firm and, consequently, effective internal communication
are sufficiently important for firm value. Our analysis also suggests that other policy inter-
ventions, such as mandating more informative public disclosures, may be more effective than
increasing whistleblower incentives in such settings.

Model Overview and Intuition. There is a single firm with a manager (he) and an
employee (she). First, the manager chooses how much of the firm’s internal cash to invest
in a new project, but can engage in misconduct by diverting some of this cash for private
benefits. The manager’s investment increases the mean of the project’s interim cash flows,
or fundamentals. To incentivize appropriate allocation of corporate funds, the manager’s
compensation is increasing in the firm’s stock price.

Next, there is a mandatory public disclosure (e.g., earnings), which provides all par-

ticipants a noisy signal about the project’s interim cash flows. In addition, the manager

!The SEC Whistleblower Program is a recent addition to a number of other, similar financial mar-
ket regulations (e.g., US Whistleblower Protection Act (1989), Section 806 of Sarbanes-Oxley Act (2002),
Whistleblower Protection Enhancement Act (2007)). See the U.S. Securities and Exchange Commission, 2023
Annual Report to Congress on The Dodd-Frank Whistleblower Program (https://www.sec.gov/files/fy23-
annual-report.pdf) for more details.
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privately communicates with the employee about interim cash flows — importantly, he can
bias this report at a private cost. Given the public disclosure and the private communication,
the employee’s goal is to maximize the alignment between her action and the firm’s funda-
mentals. Moreover, she can leak a noisy signal of the manager’s internal communication to
the market at a private cost. The firm’s terminal value depends on the project’s interim
cash flows and the extent of alignment within the firm, and the firm’s stock price reflects
the market’s conditional expectation of this terminal value, given the public disclosure and
the employee’s leaked signal.

In this setting, we show that increasing public information quality (i.e., increasing the
precision of mandatory public disclosures) and increasing whistleblower incentives both lead
to (i) higher investment by the manager and (ii) higher price informativeness. However,
we show that while the former leads to higher real efficiency, as measured by expected firm
value, the latter can lead to lower real efficiency.

To see why, note that the manager’s investment decision trades off the benefit from a
higher stock price (by investing more) versus the private benefit of diverting more cash (by
investing less). Importantly, an increase in the sensitivity of the stock price to either the
public disclosure or the employee’s leak leads to higher investment by the manager, and
consequently, higher firm value. In contrast, the manager’s incentive to distort his internal
communication increases with the weight that the market puts on the employee’s leak, since
there is a greater benefit from biasing his message upwards, but this reduces firm value by
degrading the alignment of the employee’s action.

All else equal, an increase in public information quality increases the weight that the
market puts on the public disclosure, while decreasing the weight on the employee’s leak.
As a result, we show that the manager invests more and distorts his internal communication
less, both of which lead to higher firm value. Moreover, the combined informativeness of
the public disclosure and the leak is higher, and so the price is more informative about firm
fundamentals.

An increase in whistleblower incentives leads the employee to exert more effort in report-
ing any discrepancy between public disclosure and internal messages, and consequently, leak
a more informative signal to the market. This increases the weight that the market puts
on the leak. On the one hand, this enhances market discipline on the manager’s behavior
and increases investment. On the other hand, it also increases the manager’s incentives to
distort his internal communication to the employee, which leads to less alignment between
her action and fundamentals. When the impact of internal alignment on overall value is
relatively small, the first effect dominates, and so firm value increases with whistleblower

incentives. However, when internal alignment is sufficiently important for firm value, the lat-



ter effect can dominate and real efficiency decreases with stronger whistleblower incentives,
when these incentives are sufficiently large. In the latter case, our analysis implies that there
is an optimal level of whistleblower incentives beyond which they are counter-productive.

In an extension, we consider the situation where the manager can distort the public
disclosure as well. As in the main analysis, an increase in whistleblower incentives leads
the market to put more weight on the employee’s leak, which leads the manager to distort
his internal communication more. However, we show that the increase in whistleblower
incentives leads to more informative public disclosures by the manager — this is because
the relative weight that the market puts on such disclosures is lower, which reduces the
manager’s incentives to bias them upwards. Moreover, as in the main analysis, we show
that while the overall impact of increasing whistleblower incentives on investment and price
informativeness is always beneficial, the impact on real efficiency can be negative when these
incentives are very large.

Our analysis suggests a novel channel through which regulatory policy towards whistle-
blowers can affect firm behavior. We show that while stronger whistleblower incentives can
lead to less misconduct by firm managers, this need not always lead to higher firm value
or improve real efficiency. Moreover, our analysis highlights that excessive whistleblower
incentives can have a negative impact especially for firms in which internal alignment is
an important component of value. This implies that such policies can have qualitatively
different effects on firms across different sectors and industries and care must be taken in ac-
counting for these differences when evaluating the overall impact of such regulations. Finally,
our analysis also highlights that other regulatory changes (e.g., mandating more informative
public disclosures and more scrutiny of such disclosures) may be preferable in that they
have a more limited, direct impact on managerial decisions and fewer (negative) unintended

consequences.

The rest of the paper is organized as follows. The next section briefly discusses the related
literature and the paper’s contribution. Section 3 presents the model and discusses the key
assumptions, while Section 4 characterizes the equilibrium. Section 5 presents the analysis
of how whistleblower incentives and public disclosure quality affect price informativeness
and real efficiency in our setting. Section 6 extends the analysis to allow the manager to
manipulate the public disclosure. Section 7 concludes. All proofs and additional analysis

are in the Appendix.



2 Related Literature

Our model builds on the seminal work by Fischer and Verrecchia (2000), and subsequent
work by Frankel and Kartik (2019) and Ball (2019), that studies a sender’s incentives to
engage in costly manipulation when communicating with a receiver. Unlike this existing
work, the manager in our model engages not only in communication, but also chooses in-
vestment to affect the distribution of fundamentals. Moreover, the incentives for distorting
communication and investment are interdependent and further depend endogenously on the
employee’s choice of whistleblowing intensity.

Our work contributes to the growing literature on the impact of whistleblower incentives
on firm decisions. The most closely related paper is Nan and Zheng (2023) where a manager
who probabilistically detects a product defect and chooses whether to share this information
with the employee. In turn, an informed employee chooses whether to fix the defect, which
improves welfare, or to blow the whistle about the defect, which reduces the stock price. The
paper shows that when whistleblower incentives are very strong, the employee is very likely
to blow the whistle, which discourages the manager from reporting defects and, therefore,
reduces welfare.

We view our analysis as complementary. As in their setting, stronger whistleblowing
incentives lead the manager to distort his internal communication, which leads to less in-
formed decisions by the employee, and consequently, can reduce firm value. However, in our
setting, higher whistleblowing incentives also reduce the manager’s incentives to divert cash
flows, which can increase firm value. Our analysis characterizes how the overall impact of
whistleblower incentives on firm value and real efficiency depend on the relative importance
of these effects. Our analysis also characterizes how such incentives affect price informative-
ness, which is particularly important, given that investor protection is the main motivation
of SEC to enact the whistleblower program.?

More generally, our paper adds to the recent literature that points out how stronger
whistleblower incentives can have negative effects on social welfare. For instance, Nan,
Tang, and Zhang (2024) show that increasing whistleblower incentives leads insiders to leak
information more frequently, which can make such reports less informative about the actual
incidence of a fraud. Nan, Tang, and Ye (2023) extends this framework to study how
an increase in whistleblower incentives can reduce audit quality, misstatement detection,
enforcement by regulators and, consequently, social welfare.

While we abstract from analyzing the role of enforcement explicitly, our paper highlights

2See the U.S. Securities and Exchange Commission, 2017 Annual Report to Congress on the Dodd-Frank
Whistleblower Program (https://www.sec.gov/files/sec-2017-annual-report-whistleblower-program.pdf).
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how stronger whistleblower incentives can have opposite effects on measures of price efficiency
and real efficiency. As such, our paper relates to the larger literature that distinguishes
between forecasting price efficiency and revelatory price efficiency (e.g., Bond, Edmans, and
Goldstein (2012)). Our paper highlights a novel channel through which higher incidence
of leaks can lead to lower firm value even while making prices more informative about
fundamentals.

Finally, the extension we study in Section 6 relates to the literature on communication
with multiple receivers that compares effectiveness of private versus public communication.®
In this setting, the manager communicates differently with the market and the employee,
since he wishes to induce different behavior from these parties. The manager’s incentives
to communicate are influenced by the fact that while his disclosure to the market is public,
his private communication with the employee may also be leaked to the market. This is in
contrast to much of the existing literature which assume that receivers cannot learn each

others’ private signals.

3 Model

We consider a setting in which the manager chooses investment in a new project, but can
divert internal cash for private benefit, and the employee can blow the whistle on this be-
havior by providing a (costly) noisy signal to the market. Moreover, the employee can take
an action which affects firm value. The overall value of the firm depends on both the man-
ager’s investment decision and the extent to which the employee’s action is aligned with
fundamentals, which depends on the manager’s internal communication.

Specifically, there are four dates ¢t € {1,2,3,4} and three participants: (i) the firm
manager M (he), (ii) the firm employee E (she), and (iii) a representative risk neutral
investor. The firm initially begins with $1 of internal cash. The terminal (date four) value of
the firm V(w, a) depends on the manager’s action through intermediate cash-flows, w, and
the employee’s action, a, as described below.

Timing. The timing of events is summarized in Figure 1.

3See Farrell and Gibbons (1989); Levy and Razin (2004); Johns (2007); Koessler (2008); Goltsman and
Pavlov (2011) for general communication games. Newman and Sansing (1993) and Gigler (1994) consider
the problem that a firm’s disclosure of information about product demand may be simultaneously observed
by the capital market, shareholders and competitors. Gertner, Gibbons, and Scharfstein (1988) examine
the choice of financial structure when the financing contract is observed by both the capital market and
a competing firm in a signaling model. Spiegel and Spulber (1997) consider the audiences as the capital
market and a regulator.

4An exception is Hagenbach and Koessler (2010), who study formation of a communication network where
the agents can exchange private messages.



Figure 1: Timeline of events

t=1 t=2 t=3 t=4
M invests x Pub. disclosure d(w);  E chooses action a V(w,a) is realized
and observes w M privately sends and effort z;

message t(w) to E Market sets price P

At date one, the manager diverts a fraction y = 1—x of the internal cash, which generates
private utility of y — (1/2)y* = (1/2) (1 — 2?). He invests the remaining cash, z, in the new
project. The project generates intermediate cash-flows w, where E[w|z] = z, and which is
privately observable by the manager.”

At date two, a public disclosure d = w + & about the intermediate payoffs w is realized.
Moreover, the manager engages in internal communication with the employee by sending a
signal £ about w that he can manipulate at a cost (%) @ The manager privately observes
his cost parameter e, but this is unobserved by the employee and the market.

At date three, the employee takes an action a that is aligned to the intermediate cash-
flows of the firm, i.e., to minimize (¢ — w)?. Moreover, she can expend effort to collect
evidence for whistleblowing. Specifically, she exerts effort z at cost (g) 2% to publicly leak
the noisy signal m = ¢ + % about the manager’s internal message t. The employee gets a
whistleblower bounty of w x z. The date three price, P, reflects the (representative) investor’s
expectation of the firm’s terminal payoffs V' (w, a), conditional on the public signals d and

m, i.e.,
P =E[V(w,a)|d,m]. (1)
At date four, the firm’s terminal cash flows, given by
V(w,a) =w—fla—w), (2)

are realized. Here § > 0 measures the relative importance of alignment between the em-
ployee’s action and the firm’s fundamentals.

Payoffs. The manager chooses = at date one and ¢ at date two to maximize the condi-

5We can alternatively interpret the manager’s action x as a choice of effort, where cash flow diversion
corresponds to shirking.



tional expectation of his payoft:

1 o T(t—w)
uM:P+§(1—x)—§T. (3)

The employee chooses a and z at date three to maximize the conditional expectation of her

payoft:
uE:V+w><z—g,22. (4)

Distributional Assumptions. We assume that the vector § = (w,¢,£,n) follows an

elliptical distribution with the restriction &, > 0, and where the mean and variance are

given by:
62 0 0 0
0 o2 0 0
= (x, pte, pte,0), and Xy = c , 5
fo = (2, pre, pie, 0) 0 0 0 o 0 (5)
0 0 0 o

respectively.® Importantly, we assume that the shocks are conditionally uncorrelated.
Equilibrium. We focus on pure strategy, subgame perfect equilibrium in which the price
is a linear function of the public signals. In particular, a linear equilibrium is characterized
by: (i) an optimal choice of investment = and internal message ¢(w) by the manager which
maximize (conditional) expectation of uy; in (3); (ii) an optimal choice of action a and effort
z by the employee which maximize (conditional) expectation of ug in (4); (iii) a price of the
form P = by + bgd+b,,m which satisfies (1); and, (iv) participants’ beliefs that satisfy Bayes’

rule wherever it is well-defined.

3.1 Discussion of Assumptions

In our main analysis, we assume that the public disclosure d cannot be manipulated by the
manager. We interpret this as capturing the notion that many public disclosures (e.g., earn-
ings announcements) are mandatory and verifiable, and interpret the variance of the error
term &, denoted by O'g, as an inverse measure of public information quality. Specifically, in
Section 5 we compare the impact of increasing whistleblower incentives (w) versus increasing
public disclosure quality (decreasing ag) on measures of efficiency in our setting.

Moreover, in the extension in Section 6, we relax the assumption that the public disclosure

6The restriction £ > 0 is not necessary in the main model, but plays a role in the extension where the
public disclosure can also be manipulated by the manager.



cannot be manipulated by the manager. Instead, we assume that £ > 0 is a manipulation cost
parameter, analogous to ¢ for internal communication, that affects the manager’s ability to
distort the public signal d. We study how our results change in this scenario. More generally,
we expect the key forces of our analysis to obtain when the manager can engage in other
types of communication.”

The specifications for the manager and employee payoffs are primarily for tractability.
The fact that the manager’s payoff depends on the price implies that the manager has an
incentive to distort his communication to the employee and the market (in Section 6), and
reflects that most firm executives receive stock based compensation in practice.® We expect
our results to be qualitatively similar if, instead, the manager’s payoff was driven by a
weighted average of P and V, although the analysis would be more cumbersome. Similarly,
the fact that the employee’s payoff is sensitive to the terminal value ensures that she has an
incentive to align her action to fundamentals, i.e., choose a as close to w as possible. Making
her payoff also depend on the price P would not qualitatively change our results.”

We assume that the employee’s benefit from leaking information depends on the effort
she exerts in improving the precision of the signal m. One can think of this as a reduced
form specification for a probabilistic reward / bounty that the whistleblower would receive
if, conditional on her report, the manager is successfully prosecuted. In such a specification,
one expects the likelihood of successful prosecution to be increasing in the precision of the
leaked information. Moreover, we abstract from an explicit penalty for the manager as
a result of the whistleblowing to focus on how whistleblower incentives affect managerial
behavior through market forces.

The assumption that the vector of shocks 6 follows an elliptical distribution is made for
tractability and ease of interpretation. As we illustrate in the next section, it implies that
the conditional expectation of w, given signals that are linear combinations of w and the
other shocks, is linear in the signals. As with normally distributed shocks, this ensures that
characterizing agents’ updating of beliefs is tractable. However, unlike normally distributed
shocks, we can ensure that the shocks are non-negative, which enables us to interpret some

of them (£ in the main model and £ in the extension in Section 6) as cost parameters, i.e., we

"For instance, an earlier version of the paper considers a setting in which the manager engages in cheap talk
for internal communication and verifiable disclosure for public communication. As in the current analysis,
we show that real efficiency can decrease with whistleblower incentives when internal alignment is sufficiently
important for firm value. Details are available upon request.

8If instead, the manager’s payoff only depended on the terminal cash-flow V, then the manager would
have no incentive to distort his communication (i.e., ¢ = w) and would invest efficiently a constant amount
¥ =1.

9Given that the variables w and 75 are independent, the linear equilibrium as we characterized continues
to exist. Moreover, since she takes the price coefficients as given, the employee’s choice of a and z remain
unchanged.



can ensure that the manager’s cost of distorting beliefs is always non-negative. This follows
the recent extensions of the Fischer and Verrecchia (2000) model by Frankel and Kartik
(2019) and Ball (2019). It is worth noting, however, that our results obtain if we assume

that the vector # is normally distributed.

4 Analysis

We solve the model by working backwards.
Date three. Given her objective in (4), the employee’s optimal choice of whistleblowing

effort z* is given by:

w
* — 6
o=t ()

and her optimal choice of action a is given by
a* = argmax E [w—ﬂ(a—w)Q\d,t] =E[w|d,t]. (7)

Next, note that the price P can be expressed as

P =E[V(w,a")|d, m]
=E[w|d,m] — BE[E [(a* —w)ﬂd,t”d,m]
=E|w|d,m] — BE[V|w|d,t]|d,m],

where the final equality follows from the observation that a* = E[w|d,t]. Intuitively, the
more informative the disclosure d and internal message t are about cash flows w, the better
aligned action a* is. In turn, this translates to a higher valuation P for the firm, since in
expectation, V|w|d, t] is smaller.
We shall conjecture, and then verify, that the price is linear in the public signals d and
m, i.e.,
P = by + bgd + b,,m.

Date two. The manager conditions on the realization of w and € when choosing his

internal communication to the employee. Specifically, he chooses t(w, ) to maximize:

T(t—w)2
2 €

E[uy|w, €] = E[Plw, e] + % (1 _ xZ) _

T(t—w)2
2 e

1
:b0+bdw+bmt+§(1—x2)—



since E[d|w, ¢] = w and E [m|w, €] = ¢(w,e). This implies that the manager’s optimal choice

is given by

t"(w,e) =w + b7m£. (8)

This is intuitive. The higher the weight, b,,, the market puts on the employee’s leak, m,

the stronger the incentive of the manager to distort the signal ¢ by inflating it (recall that

e > 0). The extent of manipulation decreases in the manager’s cost of doing so, which is
captured by 7.

Let the market’s conjecture about x be given by . Given the above characterizations of

t and the employee’s optimal choice of z, we have that the market’s beliefs can be expressed

as: ) - .
A +(bﬂ)2 2;(1)02
T € z* n
E[w|m7d]_ L_I_L_’_ 1
o2 a'g (%)20_3_’_(2%)20_%
and .
E[V[w|d’t]|d7m] -1 L_i_ 1 )
b0 () o2
which implies
T d—pe m_bTmMe
o2 + o2 + bm\2 2. (1)? 2 1
po G
L4 L4 —1 3 L+ 5+ L,
oo () er(E) e e ()

Note that this verifies the conjecture that the price is linear in the signals, d and m.

Date one. Given these coefficients, the manager’s effort choice x maximizes:

E[UM] = by + b,E [m] + bE [d] 4 % (1 _ 1.2) . %E [@]

T

1 b\
:b0+(bm+bd>$+§(1—x2) —%E [(—) 5] :
so the equilibrium investment is

Consistent with intuition, the manager’s investment is increasing in the market’s total

weights on the public signal (i.e., b;) and the employee’s leak (i.e., b,,). The following

10



proposition establishes that there exists a unique equilibrium in our setting.

Proposition 1. There exists a unique linear equilibrium characterized by the optimal choices
in (6), (7), (8), and (9), and an equilibrium price P = by + by,m + bgd, where the price

coefficients are pinned down by

bmtby _ He _ Y pie
2 2 N2 T2
E A By 1
bo = L+L+ 1 U_BL_'_L_}_ 1 ) (1())
o (m)e(E) e e ()
=
bd: 1 1 % 1 3 (11)
A AN CO R e
and by, € (0,1) is the unique solution to
2 L 2
bm ) 24 (L) 52
bm = + (1sz e )1 - : (12)
AN ERES

The proof establishes that there is a unique solution b,, € (0,1) to the fixed point
characterized by (12) which pins down the equilibrium. This expression reflects the fact that
the weight b,, that investors put on the employee’s message m depends on the variance of
the error in the message, which depends on the extent to which the manager distorts his
internal communication (as given by equation (8)), which in turn, increases with the weight

b, that investors put on the employee’s message.

5 Measures of Efficiency

In this section, we characterize how changes in whistleblower incentives and public disclosure
quality affect two different measures of efficiency: price informativeness and real efficiency.
We define price informativeness, denoted by PI, as the conditional precision of interim

cash-flows w, given the price, P i.e., PI = (V[w|P])~%.

This is analogous to the notion of
forecasting price efficiency in Bond et al. (2012) and captures the extent to which the security
price is informative about firm fundamentals.'’

The following result characterizes how an increase in whistleblower incentives and public

disclosure quality affects the price coefficients b4 and b,,, equilibrium investment, and price

10An alternate measure of price informativeness would be how informative the price is about terminal
cash flows i.e., (V[V|P])~!. We prefer our measure of price informativeness because it is more analytically
tractable and intuitive, and because it maps more closely to empirical measures of price informativeness
proposed in the literature (e.g., Bai, Philippon, and Savov (2016); Davila and Parlatore (2018)).
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Figure 2: Price coefficients as a function of w and o
Unless otherwise specified, other coefficients are set to 0, = 0. =0, =0 =7=c=w=1.
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informativeness.

Proposition 2. In equilibrium, an increase in the whistleblower bounty w leads to: (i) an
increase in the price coefficient on the employee’s signal, b,,; (ii) a decrease in the price
coefficient on the public disclosure, by; and (iii) an increase in equilibrium investment, x* =
by + by, and price informativeness, PI.

An increase in the quality of public disclosures (i.e., higher 1/0?) leads to: (i) a decrease in
the price coefficient on the employee’s signal, by,; (ii) an increase in the price coefficient on
the public disclosure, by; and (iii) an increase in equilibrium investment, ©* = by + by,, and

price informativeness, PI.

Figure 2 provides an illustration of the above result. Intuitively, an increase in whistle-
blower incentives (w) and an increase in public disclosure quality (1/07) improve the overall
quality of information available to investors. The former leads to an increase in the precision
of the employee’s leak, m, which leads to an increase in the weight b,, investors put on this
signal. All else equal, this leads to a decrease in the weight b; investors put on the public
disclosure. Similarly, an increase in public disclosure quality leads to a more precise public
disclosure d, which leads to an increase in its weight by, but a decrease in the weight b,
investors put on the employee’s leak.

In both cases, the informativeness of the total information available to investors increases,
as suggested by an increase in by + b,,. This immediately implies that optimal investment

x* increases with either change. Finally, as we show in the proof, one can express price

informativeness as:

1
% (1 = (ba + bm))”

PI = (Vjw|P)) ™! =
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Figure 3: Real efficiency as a function of w, o¢, and (.
Unless otherwise specified, other coefficients are set to 0, =0, =0, =0 =7=c=w=1.
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and so price informativeness also increases with whistleblower incentives and public disclosure
quality.

While increasing whistleblower incentives and public disclosure quality have qualitatively
similar effects on forecasting price efficiency, they do not have similar effects on revelatory
price efficiency. Specifically, define real efficiency, denoted by RFE, as the unconditional
expected value of the firm, i.e., RE = E[V]. The following result shows how policy changes

affect real efficiency in our setting.

Proposition 3. An increase in public information quality (i.e., higher 1/0?) always leads
to an increase in real efficiency RE. In contrast, there exists 0 < 8 < B, such that:
(i) when 3 < 3, real efficiency RE increases in the whistleblower bounty w, and

(i) when > B, real efficiency RE is hump-shaped in the whistleblower bounty w.

Figure 3 provides an illustration of the above result. To gain some intuition, note that

one can express real efficiency as the sum of two components:
RE = E[V]| = E[w]| — BE[V[w|d, t]].

The first component, E[w], is determined by the manager’s equilibrium investment i.e., E[w] =
x* = by + b,,, which is increasing in both whistleblower incentives and public disclosure
quality.

The second component, SE[V[w|d, t]], reflects the loss in firm value due to the misalign-
ment between fundamentals and the employee’s action. This loss is proportional to the
average posterior uncertainty that the employee faces, after observing the public disclosure

d and the internal communication . An increase in public information quality (1/07) leads
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to a decrease in the employee’s uncertainty, and so reduces the loss in value due to mis-
alignment. As a result, firm value and real efficiency always increase in public information
quality, as illustrated by panel (b) of Figure 3.

In contrast, an increase in whistleblower incentives (w) increases the manager’s incentive
to inflate the internal communication, which makes the internal message ¢ a noisier signal
of cash flows. As a result, the employee’s uncertainty increases, which increases the loss
in value due to misalignment. When the relative impact of the loss from misalignment is
sufficiently low (i.e., § is sufficiently low), the first component dominates and real efficiency
always increases with w. However, when ( is sufficiently high, the latter effect can dominate
when whistleblower incentives are sufficiently large. In this case, expected firm value and
real efficiency can first increase but then eventually decrease in w, as illustrated in panel (a)
of Figure 3.

To gain some intuition for this hump-shape, note that an increase in w affects RE through
its impact on the market’s weight b,,. Moreover, as we show in the proof of Proposition 3,
the benefit from increasing w through higher investment (captured by the E[w] term in RE))
is linear in b,,. However, the penalty from misalignment (captured by SV[w|d,t]) is initially
convex in b,,.!"

This implies that when w, and consequently b,,, is very low, the increase in RE due to
higher investment dominates the decrease in RE due to more misalignment. In fact, when
w = 0, internal communication is perfect and so the penalty from misalignment is zero (since
V[w|d,t] = 0). However, as w (and b,,) increase, the rate of increase in RE due to higher
investment is constant, but the rate of decrease due to misalignment increases. Beyond a
certain level of w under a sufficiently high g3, we show that decrease due to misalignment
dominates and so RE decreases with further increases in whistleblower incentives.'?

The above results imply that when the relative impact from misalignment is sufficiently
high (8 > f3), there is an optimal level of whistleblower incentives. Increasing incentives
beyond this point can lead to a decrease in firm value. Importantly, this suggests that one
must be cautious about evaluating the impact of such policies on the cross-section of firms,
since they can have qualitatively different effects (depending on whether /8 for a given firm
is high or low).

The above results also highlight an important difference across the two policy instru-

ments. While an increase in whistleblower incentives and public information quality have

1 As we show in the proof of Proposition 3, the penalty from misalignment can become concave in the right
tail of b, depending on the other parameters. However, even in that case, we always have a hump-shaped
real efficiency locally.

121f 3 is too low, the supremum of by, (i.e., lim, .o by, ) is not large enough to reach the domain in which
the loss from misalignment dominates.
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similar effects on the equilibrium choice of investment and price informativeness, they can
have opposite effects on firm value and real efficiency when the relative value loss from
misalignment within the firm is sufficiently high. One might conjecture that this differ-
ence arises because the manager can manipulate his internal communication, but cannot
distort the public signal. In the next section, we show that our results remain qualitatively
similar when the manager can manipulate both the internal communication and the public

disclosure.

6 Extension: Endogenous public disclosure

In our benchmark analysis, we assume that the public disclosure d cannot be manipulated
by the manager. In this section, we relax this assumption and instead allow the manager
to send a public signal d about w which can be manipulated at a private cost g@. We
maintain all the other assumptions of our benchmark analysis.

One can interpret ¢ as a measure of the public disclosure scrutiny in this setting — a
higher value of § corresponds to more analysis, monitoring and verification of the public
disclosure (e.g., more intensive audits, stricter disclosure requirements), which make it more
difficult for the manager to inflate the public disclosure without being detected.'® In the
analysis that follows, we shall compare the effect of increasing whistleblower incentives (w)
to that of increasing this measure of public disclosure scrutiny (6).

It is immediate that the date three choices of the employee are given by (6) and (7), as
before. Moreover, given the linear conjecture for the price P = bg+bgd+b,,m, the manager’s

date two objective naturally generalizes to maximize:

Eluy|w, e, €] = E[P|w, &,&] + % (1-2?) -1 _

2 ¢ 2 ¢
1 Tt —w)  0(d—w)?
= by + bad + byt + = (1 — 2?) — = - =
0 + bad + bt + 5 (1-27) 5 3
which implies that his optimal choices are given by:
. bm . ba
t"(w,e) =w+ —¢, and d"(w,§) :w+g§. (13)
T

This is also intuitive. The more weight the price puts on the public disclosure (the higher by

is), the greater the incentive to inflate the signal, and the larger the weight on the “error”

13Greater scrutiny increases the probability of detection and the expected cost of misreporting (Ferri,
Zheng, and Zou, 2018; Samuels, Taylor, and Verrecchia, 2021).
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¢ > 0 in the optimal disclosure.
Given these specifications, we can once again verify the linear conjecture of the price.

Specifically, the price can be expressed as:

L_I_ d_bfduﬁ _I_ m_bTmﬂ/s
P Cr) () 1

P = L—|— 1 T 1 _5L_|_ 1 + 1
T () ()R B (%) e ()

Finally, the date one investment decision is characterized by

r%x%+m£hﬂ+aﬁwy+%@—xﬂ—<g>EFi%3i]—C@E[ﬁiﬁir

which again implies that the optimal choice z* is given by (9). The following result generalizes

Proposition 1 from our benchmark analysis.

Proposition 4. There exists a unique linear equilibrium characterized by the optimal choices
in (6), (7), (9), and (13), and an equilibrium price P = by + b,,m + bgd, where the price

coefficient by is pinned down by:

by bm
bm+bg S He r He
o2 2 m 2
s (e (Cr)e(E) e 1
bO - T 1 + 1 + 1 - BL + 1 + 1 ) (14>
o2 2 m 2 o2 2 2
A O AN OO RS AN () E RN OO
and by,,bq € (0,1) is the unique solution to the following system of equations:
L 1
(%) o () o2+ ()"
e S s — 9)
0'2 m 0'2 m
S () e () er(R) o (f)er () er(E)

Notably, the equilibrium is now pinned down by the solution to a system of two fixed
points: the weights b; and b,,, that investors put on the signals d and m depend on the errors
in these signals, which depends on the extent to which the manager distorts his messages d
and t, which in turn, increases in the weights b, and b,, that investors put on these signals.
The proof establishes that there exists a unique pair of b,,,b; € (0,1), which solves the
system of equations in (15).

Having characterized the equilibrium, we now study how changes in whistleblower in-
centives and public disclosure scrutiny affect measures of efficiency. As the following result

illustrates, the key results from our main analysis are qualitatively similar when the manager
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can manipulate both public and private communication.

Proposition 5. In equilibrium, an increase in public disclosure scrutiny § always leads to
an increase in investment x*, price informativeness PI, and real efficiency RE.

An increase in the whistleblower bounty w always leads to an increase in investment x* and
in price informativeness PI. Moreover, there exists 0 < 8 < B, such that:

(i) when 3 < 3, real efficiency RE increases in the whistleblower bounty w, and

(ii) when > B, real efficiency RE is hump-shaped in the whistleblower bounty w.

Panels (a) and (b) of Figure 4 illustrate how the market’s weights b; and b,,, change as a
function of whistleblower incentives w and public disclosure scrutiny §. As in the main model,
an increase in whistleblower incentives leads to more informative leaks by the employee. In
turn, this leads to an increase in the market’s weight on the leaked information (b,,) and a
decrease in the market’s weight on the public disclosure (by).

In contrast to the main analysis, however, note that this latter effect is muted — a
lower weight on the public disclosure also leads the manager to distort such reports less
i.e., d is a more informative signal about w as a result. This uncovers a novel implication of
increasing whistleblower incentives — by reducing the market’s reliance on public disclosures,
such policies reduce managerial incentives to manipulate such reports, thereby making them
more informative.

Similarly, an increase in public disclosure scrutiny ¢ makes it costlier for the manager to
distort the public report. This leads to an increase in the market weight b; on the public
disclosure,'* and a corresponding decrease in the weight b,, on the employee’s leak. In turn,
this reduces the manager’s incentive to distort his internal communication.

The proposition establishes that an increase in whistleblower incentives or public disclo-
sure scrutiny leads to higher investment and higher price informativeness, as in the main
model. Moreover, as panels (c¢) and (d) illustrate, while higher scrutiny of public disclosure
also unambiguously leads to higher firm value and real efficiency, excessively strong whistle-
blower incentives can reduce real efficiency when the relative importance of alignment is
sufficiently high (i.e., 5 is sufficiently high).

7 Conclusion

We develop a model to study how increasing whistleblower incentives affect a manager’s

incentives for public disclosure, internal communication and engaging in misconduct. We

14Tt has been well documented empirically that greater public scrutiny increases the weight that investors
place on accounting disclosures in valuing the firm (Collins and Kothari, 1989; Teoh and Wong, 1993).
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Figure 4: Price coefficients and real efficiency when public disclosure is endogenous
Unless otherwise specified, other coefficients are set to o, = 0. =0, =0 =7 =c=f =
0=w=1.
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show that while stronger incentives reduce misconduct and can increase the quality of public
disclosure, they worsen internal communication. This is because when the market puts more
weight on the employee’s leak, the manager has a stronger incentive to bias his message to
the employee upwards. This deterioration in the quality of internal communication can lead
to less informed actions by the employee. When the relative importance of the employee’s
action is sufficiently high, our analysis implies that stronger whistleblower incentives can
reduce firm value and real efficiency.

Our model provides a stylized setting to analyze the impact of such policy interventions
and provides a number of useful takeaways. First, changes in whistleblower incentives not
only have an effect on internal communication, but can have a direct effect on the infor-
mativeness of public disclosures themselves. Specifically, our model predicts that public
disclosures by firms should become more informative following the implementation of the
Whistleblower Program of the Dodd-Frank Act (see http://www.sec.gov/spotlight /dodd-
frank /whistleblower.shtml). However, a key challenge in testing such a prediction empiri-

cally is to separately identify the impact of such regulation on the incidence of leaks, while
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controlling for other aspects that might affect firms’ disclosure policies directly.

Second, all else equal, stronger whistleblower incentives should be associated with less
informative internal communication. Empirical tests of this prediction are confounded by
the fact that following (the incidence of) a leak, firms usually make changes to the internal
governance and communication policies. As such, a test of this prediction requires identifying
firms that are ex-ante more likely to have leaks, and comparing their internal communication
to a control group. Bowen, Call, and Rajgopal (2010) provide some preliminary evidence con-
sistent with this prediction: in their sample, targets of employee whistleblowing allegations
are more likely to have unclear internal communication channels.

Third, the impact of stronger whistleblower incentives can be qualitatively different across
firms: they unambiguously improve real efficiency for firms where internal alignment is not
very important, but can reduce firm value when misalignment is very costly. This suggests
that targeting stronger whistleblower incentives to certain industries and sectors may be very
effective. Finally, our analysis implies that more direct policy interventions like increasing
mandatory disclosure or scrutiny of public reports may be preferable since they do not
have the unintended consequence of increasing the manager’s incentives to distort internal

communication.
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A  Proofs

Proof of Proposition 1. Given the employee’s objective function (4), the solution to the em-

ployee’s problem satisfies:
w—cz=0 and E[-28(a—w)|d,t]=

implying the optimal choice of z

and the optimal choice of a
a* =E|w|d,t].

In what follows, z corresponds to the optimal choice, z*. Hence, the price P is equal to

P=E[V|d,m]
E[V]d,t)|d,m)]

E
E
E [w|d, m] — BE [E[(a — w)?| d,t]| d,m]
E
E

w|d,m] — BE[ [(E [w|d,t]—w)2‘d,t”d,m}
wd,m] = PE[V[w[d;t]|d,m],

where V [w]| d, t] is the posterior variance of w conditional on the realizations of d and t.

We conjecture that there is an equilibrium in which the price takes the form of P =
by + bad + b,,;m, where by, by, by, are constants such that by, b,, > 0. Since E [n] = 0, we have
that E [m|t] = ¢. This implies that given the realizations of (w,¢), the manager chooses ¢ to

maximize:

E[Plw,c] — (g) (t _6“’)2 — by + bad + bt — 6) (t _5“)2.

The FOC imply that

b
b — — (t—w) = 0=t (w, &) = w+ Ze.
£ T

Let & be the market’s conjecture about x. Given the above characterization of ¢ and the

employee’s optimal choice of z, we have that the market’s beliefs can be expressed as:

b
m— m He

d— ,u,g
2Ly
o o () 2+( )3
E[wim,d] = T +"
=t a0
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and

1

1 1 i

ERK AN CORE
which implies
& _’_d*#.g_’_ m—tm .
= () ()
P L1 1

o2 o?

Note that this verifies the conjecture that the price is linear in the signals d and m. Matching
terms, we have:

(16)
b, — (b) o2+ (2)"03
" Ztat

(Yo (0
It is clear that the equations above are functions of b,),.

H (by,) = 0, where

Next, we show that there is a unique b, that solves the equations, which implies existence
and uniqueness of the equilibrium market price. Specifically, b,, is given by the solution to

1
bm )2 2, (1)%,2
H(by) = by — 2V 2O (17)
EAR AU EROR
Note that
2
H(0) = — : <0
02<§+U%+§—2>
3 w Y
1
7.2
H(l)=1 £ 2 >0
(ke 75)
H' (b,) =1+

272z4bm(7§aiaf (ag +02)

(z2b72n062 (ag + aﬁ) + 72 (a% (O‘? + 03) + 220203))) 2

> 0.
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Hence there exists a unique solution b, in (0,1) to H (b,,) = 0 by the intermediate value
theorem.
Finally, we solve for the equilibrium investment z*. Given the coefficient b,,, the man-

ager’s investment choice maximizes:

1 b\’
bo + b [m] + baE[d] + 5 (1 — a?) - (%) E [(-) 5] .
So the equilibrium investment maximizes (b, + ba) 2 + 5 (1 — 2?) and is given by

This characterizes the unique linear equilibrium as stated in the proposition. O

Proof of Proposition 2. By (6), a higher whistleblower bounty w induces the employee to
exert more effort and to choose a higher z*. The first part of the proposition shows how the
equilibrium quantities change as z* increases.

The function H(b,,) is defined as in (17). The chain rule implies that

ob,,  dz 0z

It follows that

4,522,252 52
2T zanogaw(crg+a'w)

dbm . 8H/62’ . o (zzbgnag(UE#—UE,)—H’Q(J%(U?—i—ai)—i—zQUgU%))2 <0
dz aH/abm N 2722400202 (Ug-l-ag) ’

1+ (z2b$n062 (O'g-l—UE,)-f—TQ (0,2, (U?—l—ag)—i—zzagog))?

We eliminate 2% from (16) and get

(1 —bn) 002.;
bi=—%—"5",
o¢ + 05
which shows that
dbg o? ob,, <0
dz of +o? 0z '
Moreover, we have
b, 02 + o2
"= byt by =
o; + 05

which is increasing in b, and z. So if the whistleblower bounty w increases, the employee’s

effort z* will increase, the price coefficient b,, on the employee’s signal will increase, the
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price coefficient by on the public disclosure will decrease, and the equilibrium investment will
increase. Next, we examine how it affects the price informativeness P1I.
Recall that the price informativeness is defined as PI = (V[w|P])~!. Since P = by +

by + bad = by + (b, + by) (bT:’jbdm—l—b oy d>,wherem:w+b7’"8+§n and d = w + &, we

can write

Vw[P] = Vwlyp] =

where y, = ;22— (w + e 4 1p) +

bm+bg (w + 5) =w+ bm +bd (bm (bng + %Tl) + bd&), and

bm +bd

bt + 8, ((t2) o2 + (1))

=
Y (bm + bd)
It hence follows that
1
\Y [w|P] = (me?-I—UE,)Q

(bm—1)2o'2cr4 b2 & 2 0'3;
2, 2)? [l m n
(U§+gw) < (gg-‘rm%)Q * +
2 2
(I =bp)ogoy
- 2 2
o¢ + 05

Y

which implies that V [w|P] decreases in b, and so decreases in z. As a result, price efficiency
increases in z and w.

The second part of the proposition shows how equilibrium quantities change with the
quality of public disclosure ag. By the chain rule

OH db, OH

X =0,
ob,, dag + 802
we have
bgndz o2
b, OH/02 () ("? ( gt g )“) .
— [ > U.
dag 0H/0b,, 2T2z4bm050503( §+%

2)
1+ (zzbgnag (O’?-‘,—O’E])-}—Tz (J% (a§+03,)+220203))2

So the noisier the public disclosure (i.e., higher ag) the more weight investors put on the

employee’s message. We eliminate ag from (16) and get:

b2, 02
bdzl—bm<1 0—2>,
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which implies that
db B2 7 db
o (14 2 )2
do? o2 dog '
., higher 05) the less weight investors put on it.

So the noisier the public disclosure (i.e

Similarly, we have
d d d b (%7 + %) Bhol 4 72\ g
* m 72 22 DmTe — m
dx d (bd+b) F ]_— 3 :—( T2 3 zz)d2<0.
05 05 o¢ o3 o o¢
Finally, we examine the impact on price efficiency. Note that we can solve the expression
for b, to get
272 2 2

ng b2 ( ba+7‘a) ‘ (18)

72 (22 (1 = b) 02 — bpo2) — 22b3,02

By substituting of into V [w|P], it follows that
(1 =bm)ogol  bmoy 302
52 72

Viw|P| =
wIP) of +o?
which implies that V[w|P] increases with b, and of. Therefore, better quality of public

i . [l

disclosure leads to more price informativeness
Proof of Proposition 3. Recall that the real efficiency is given by RE = E[V]| = b,, + by —

Substituting o by (18), we get

E[V[w|d,t]]. Fix z*.
1—bn b2,
RE =b,, + — — B
1+ 5 (a% + ) 02, + 3
1—5 b2,
=b, + m -3
m bm (22020247202 (1=bm)by 7222
1 + 7-2(22(1b<m)0'3)bm0%)n)226%1062 22b2 U2+T 0'2 + 0'2
72 (2% — bmag) — 2203 o2 by, (2%0},0% 4 T%07)0?
B 722202 (02by 2% + T202)72
It is clear that RFE is decreasing with b,, by observing that
dRE —7°0} — 32°b},0 02\ bm (32020}, + 42°027%0 %, + 2020 by, + 27%0)) 0
122202 T2 ( gmeQ + 7202)?

db,,
As we show in Proposition 2, by, is strictly increasing with oz. Hence, better public infor-

mation quality (i.e., higher 1/ 02) leads to an increase in real efficiency RE
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Next, we fix 0’? and show that there exist 0 < 8 < B such that if 8 < B, RE is increasing
with w, while if 8 > 8, RFE is first increasing and then decreasing with w. First, because
db,,/dz > 0 as proved in Proposition 2, the value of b, is bounded above by b,,, where b,
is defined as the equilibrium solution to H(b,,) = 0 as z — co. We then examine how real
efficiency changes with b,, that is increasing in w and z.

Recall that real efficiency is equal to

1 bmO? + 02 1
RE =bg+bm — | 5 1 1 = 25 zw_ﬁ 1 1 i
%+U_§+(b7m)23 0’5—’—0“; a‘f‘o—g-i—(bTm)%?
It follows that ,
dRE __ o¢ 2057
db,, ) 2 i 2"
T (b k)

We note that the derivative dRE/db,, is first strictly decreasing and then strictly increasing
with b, by observing that
d*RE _ 287m20¢0l0? (T20¢0r — 32,02 (0F + 02))
dby, (02,02 (0F +02) + 720203)3

It is clear that dRE/db,, attains the minimum at

P 720203
" 302 (Ug + ao%) '

Consider the case in which b,, < b,,. Then dRE /db,, is always decreasing with b, in
o2 7 2
equilibrium. If 8 < —-= b2 (—72 + 5+ l) , it must be that
E w

Ug—&-aa 272

2
dRE  of 285 52
db, 02+ 02 > 2
2
o 2
Ug + 02 N 72 1 1\?
B2zt
23 s 2B+
S 53,02 B30
= 2

2
T2 1 1 T2 1 1
<E$nag + Ug + UE,) (I;gnag + O’g + 02))
0
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So RFE is always increasing with b,,. Otherwise, 5> is less than zero.

We also note that
dRE o

—_— - ———>0.
db,, b0 0524—00%

Then there must exist some b/, such that dRE/db,, > 0 for b,, < b, and dRE/db,, < 0 for
by, > b, by the intermediate value theorem. Hence, RE is hump-shaped in b,,.
Consider the case in which b,, > Bm Recall that dRE /db,, is strictly decreasing with b,,

2 2 2
% bpo: (2 1 4 1
oi+o2 212 \ 52,02 oZ a2 )’

for b,, < b, and strictly increasing with b,, for b,, > b If g <
it must be that

2
RE_ o 25t
db, o2+02 [ o 2
oo <é¢+ﬁ+%>
,7_2
Og Qﬂ b3 o2
> _ mYe
0f + o2 2 (!
72 2 + 5+ =
T2 ,7_2
> 25 b3,02 2p b3, 02

So RE is always increasing with b,,. Furthermore, because dRE/db,, is strictly increasing

(decreasing) in by, > by, (b < by ), we have

2

T2 T
o¢ 2,02 o¢ 2502
— > —
o+ o2 2 1 1\ o402 2 1 1)?
R R
b2,02 ag a2 b2,02 ag a2

for b,, > ZA)m or b, < l;m. It follows that
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Further because %\bm—m — agi—gai > 0, there must exist some b/, such that dRE/db,, =0
for b,, = b, by the intermediate value theorem. Moreover, dRE /db,, is strictly decreasing
with b,, < b,, and strictly increasing with b,,, > b,,. So for any b, € [lA)m, bm), ARE /db,, |y, <
dRE/db,,|; < 0. It follows that b)), < by, and dRE /db,, > 0 for b,, <! while dRE/db,, <
0 for b,, > b by the definition of 0’ . Hence, RE is hump-shaped in b,,.

Recall that b, is strictly increasing with w by Propositions 1 and 2. We summarize our

results as follows. Let

. 2 _ 2
5 of o’ T n 1 N 1 d 3 of o’ T n 1 n 1

= _ -+ —= an = - —+ =,
= O'?-FUL% 272\ 12,02 ag o2 a?—i—ao% 272\ 2,02 ag o2

w w

where ﬁ < B as shown above. If b < ﬁ, RE is always increasing with the whistleblower
bounty w; if 8 > , RE is hump-shaped in the whistleblower bounty w. n

Proof of Proposition 4. The optimal choice of the employee’s effort z* and the action a* are

the same as derived in Proposition 1. Similarly, the price is equal to
P=E[V|d,m] =E[w|d,m| — BE[V[w|d,t]|d,m].

We conjecture that there is an equilibrium in which the price takes the form of P =
by + bad + b,,m, where by, by, by, are constants such that by, b,, > 0. Since E [n] = 0, we have
that E [m|t] = t. This implies that given the realizations of (w,¢,¢), the manager chooses d

and ¢ to maximize:

s -(§) 252 - () L=

—bo + bad + b E [mlt] — (g) (Gl (f) (t—w)”

The FOC imply that

bd—g(d—w)jd(w,i)—ij%f

and .
-
bm:—t— t s = _m_
5( w) =t (w,e) wt e

Let  be the market’s conjecture about x. Given the above characterizations of d and t,
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and the employee’s optimal choice of z, the market’s beliefs can be expressed as:

g d="dyu m—tm
i_'_ 5 M€ + T
S € s B GO R O
whm, d] = =
BT (e (e’

and
1
E[V[w|d,t]|d,m|]=E d,m
O'%_’_ b 12 + b 12 2
S () ()
B 1
= 1 1
=y e
which implies
& d*l%dug m—bmy,,
MO OO !
-1 1 1 — P 1 T
N Oy O ey P A U (R O =

Note that this verifies the conjecture that the price is linear in the signals d and m. Matching

terms, we have:

by = — : :

R Uy Oy
1

b = (b) o2+ (1)

oz T (%)202 + (bj)aog(%) p
e P pre

o2 " [bg)\2 b 2 = N2

oo (@) (e () 8 1

0o — 1 1 1 — T - - .

AN O R OO O B A C) =R OO

The equilibrium bz and b,, are given by the solution to the first two equations.

Next, we show that there is a unique solution (bg, b,,), which implies existence and unique-

ness of the equilibrium market price. First, it is clear that the solution, if it exists, must

satisfy by, b, € [0,1]. Then we show that there is a unique solution by(b,,) € (0,1) for any
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b

Define

G (ba; b )—bd— T : .
+ )
OO
For any given b,, by is the solution to G (bs; by,) = 0 by the first equation of (19). Note that

lim G (bg; b)) = -1 <0

bal0
52
o2
G(L;b,) =1— : >0
1 82 1
<b2n;z+o;% +U_§+E>
and
. W\ gzt
oG (bd, bm) 14 g -0
Oby B . 2 ’
3.2 _6%2 1 1
baoe 2oz T gt 7 T3z

which implies for every b,,, there exists a unique b4 (b,,) € (0,1) by the intermediate value

theorem.
Given by (by,), we show that there is a unique solution by, as follows. By (19), we have
1
1 — (by + bm) = i
m) = I
=t R
Moreover,
2 o2 = 1
52 1 1 1
= Gy e

It follows that 5 o
e
) | (20)

bm—l—(bd+52 5

Substituting the solution b4(b,,) into (20), we solve for the equilibrium b,, as the solution to

F =0, where
bio? .

F (b, ba(by)) = by + b
(b, ba (b)) +d+50

w
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Since bq (bm,) € (0, 1), we have
vy(1)o
d( ) ¢ _ 1>0

F(1,b4(1)) =14b4 (1) + 52,2
3 0 02
F(0,04(0)) = — (1 — by (0)) + "<2 )2 :
0%02
1 1-154(0)
:_(1_bd(0)) 51 1
Uw v -+ )
= ()
1
= (1 —1b4(0)) = —1
()3
<0,
where the second equation of F'(0,b4(0)) follows from G (bg; by, = 0) = 0 that
b3 (0) 02 B 1 1—104(0)
= 1 1T T 1 T
oETEyRTow F e
Further, note that
dF 30’?53 dbd
— =1 1 — >0
am ( 502 ),
which follows from the implicit function theorem that
25272z4b§bmagagag
dbd - aG/abm o (bzgg(ZQbEnog—i-TQ(0%+2203))+520’3(22172”0'62—&-720'2))2 -0
db,  0G[Oby ( } ) ) '
20| stz
b oé | 9 T
1+ .z T2 ,

Hence, there exists a unique solution b,,,b; € (0,1) by the intermediate value theorem.
Finally, we solve for the equilibrium investment z*. Given the coefficients by and b,,, the

manager’s investment choice maximizes:
1 ) 5 ba\’ T b\
bo + b [m] + baE [d] + 5 (1 =) - (5) [(3> ¢l - (5) E(=) |-
So the equilibrium investment maximizes (b, + ba) z + 3 (1 — 2?) and is given by

xt = bm—f-bd.
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This characterizes the unique linear equilibrium as stated in the proposition. O]

Proof of Proposition 5. It follows from (19) that

3o 3 g2 b,02
dv ¢ — mOe + Ui ) (21)
52 7—2 22

Differentiating (21) with respect to 0, we get
(35305) (@) 2o (3bfna§ N a_,%) (db_m) | (22)
92 dé 93 T2 22 do
Differentiating (20) with respect to 4, we get
soEN®E e
Equations (22) and (23) imply that

3b2 2 2 2 2 3b2 2 2b3 2 2 2 2 2b3 2
i0¢ N 3bz, 02 n Ty L+ Lo % _ 2b30; N 3b;, 02 N & 10¢ .
92 T2 2 0202 do 03 T2 22 9302

w

So dbg/dé > 0. Eliminating (bjo7)/6% in (20) and (21), we get

b3 2 bm 2
(1= (ba + by))o? = 2% | 2% (24)

72 22

Differentiating (24) with respect to ¢ yields

dby 3202 o2 db
4270 m-e -n 2 m
&y < T ) s

T2 22

So db,,/dé < 0. We also observe that

> 0.

s~ d5 o2

w

de*  d(by +bs) 1 (3bfna§ a,%) b
do

T2 22

Hence, an increase in public disclosure scrutiny ¢ leads to an increase in investment z*.
Next, we examine how public disclosure scrutiny ¢ affects price informativeness and real

efficiency. Since P = by + b,,m + bgd, where m = w + bng + %77 and d = w+ %‘if, we can write

ViwlP] = Viwlyr] =
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where yp = w + bmibd (b (226 + 1n) + b (%dg)) and

2 2
, () ot () 0+ () a2))
v (b + bg)? '

g

It follows from (19) that

1 (b + ba)”
IO (RORD)
_ (bm + bd)2
>+ L +bd ! P +%+ L +bm RS )
Sy Cryen()a () () ()
by, + by
- 1 1 ! 1
SO ENC O
_ butbg
02 (1 — (bg + b))
So we have )
Vi w|P| =
[w]|P] ER
Y w
B 1
- b +b, 1 2
Z(-(baibm)) T oZ (25)

=02 (1 — (bg+by))
= 002.2 (1 - :L'*) )
implying that V [w|P] is decreasing with §. Hence, PI = (V[w|P])~! is increasing with 4.

For real efficiency, recall that

RE =E[V7]
:E[w—ﬁ(a—w)ﬂ
= 1" — BE[V]wl|d, t]]

1
5t s

OF

Mo
—~
o

5
S~—

[N
Q
L)
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Taking derivative with respect to 9, we get

dRE _du"

5 @ Y

By (22), we have

bio? [ dby  2bg 362,02 o2\ (dby,
7(3%—7)% = +¥)(W><O'
It follows that
(N () (Y () (8 (b b\ (7 (b
bio? do bio¢ o2b3, s ) bio? do 0 o2b3, do
L0 (e _pba (T (b
3\ bjo¢ do J o2b3, dé

> 0,

since 3% — % < 0 from the equation above and db,,/dd < 0. Because dz*/d§ > 0, we

conclude that dRE/dé > 0, i.e., real efficiency is increasing with public disclosure scrutiny.
We examine how the whistleblower bounty affects investment, price informativeness and
real efficiency as follows. Recall that the equilibrium values of b, and b, are given by (20)

and (21). Differentiating (20) with respect to z, we get

by db 3202
= —d(1+ “). (26)

dz  dz 0202

Differentiating (21) with respect to z, we get

3b302\ [ dby 302,02 o2\ (db,\  2bmo;
CE) () (D @) @

It follows from (26) and (27) that

3bj07 N 302,02 N 0_72] m 3b30¢ dba\ _ _Qbmag‘
02 T2 22 6202 dz 23
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So dbg/dz < 0. By (26), we also obtain db,,/dz > 0 and

de*  d(bm +ba) ([ 30i0f\ (dba .
dz dz B 6202 dz .

Hence, an increase in the whistleblower bounty w leads to an increase in investment x*.
Further, it follows from (25) that
dV [w|P] o dx*
—— =—0.— < 0.
dz PP
So PI = (V|w|P])~! is increasing with 2 and w.
It is useful in the remaining proof to define the limits of b,, and b; as w — 0 and w — oc.

When w — 0, z — 0 and (19) converges to

Thus, by = lim,_0 by > 0 and lim,,_.gb,, = 0. Note that by is the unique root of the above

cubic equation and the supremum of b;. When w — 0o, z — oo and (19) converges to

(%)
bd_%+ L+ 1, (28)
o () ()
12
bm Jg
by = I (T) T (29)

implying

2
%

52

3_ Tc43
With this relation, (28) and (29) imply a cubic equation for each of b, and by with a unique
positive root. The roots are denoted by b,,.c > 0 and by, > 0. To summarize, as w increases,
by, increases starting from 0 to b,,., while b; decreases from by t0 bgso-
Turning to real efficiency, (20) implies
dbd (520' 3)

t = —
dby, 6202 + 30207
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as we change z. Here, we view by as a function of a single variable b,,, which is uniquely
determined by z implicitly. It follows that
dt 604020202 or:
dby (6202 + Bbdaé)
6bd05 )
8202 + 3bj0¢

2
(1+1t)t2
b

Note that

52 2 52 2
te | — , —
0202 + 303 0f  0%0% + deocr

and 1 + ¢ has a strictly positive infimum. Define

Then,
dA 252t 272
dby, bioz  b},02
and
*PA 667 2 20% dt n 672
v, bio? bo2 dby,  bio?
_ 607 24 20 6bd0§ 2 4 67°
- bjo? bioZ 0202 + 3bj0¢ bt o2
_ 667 |1 a0 |, 67
 bio? [ba 0202 + 3b30f bl o2
Note that
dA 287 ; 272
dby, — bioZ b302
262 262
- b?lag bf’lag
26>
= e ? (1+1)
< 0,
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because (21) implies that

bt b
52 = 12
As
RE =b,, + b; — ﬁ
AJ
we have
dR;E =1 4+t 4+ ﬁﬁ
db, A% db,,
Therefore,
dRE - A2(1+1t) <
— =0 ——— = 0.
i, <V Caajdn,) <

Define from above that

A(b)* (L4t (b))

h(bm) = (—dA/db,,)

First, we consider the behavior of h (b,,) when w is close to 0. As noted above, 1+t is

. 3b2 o2 3b2 o2 .
bounded in (5202 12235 o2 5202i%b§0(7§). Since b,, — 0 and by — by > 0 as w — 0,
w fe%e) w

lim A (b,,) = lim

w—0 w—0

2
N S 30207 1
2 ()0 (=) or| PoR R B 2

3
bda5

= OQ.

Thus, when w is close to zero, h (b,,) becomes arbitrarily large. It implies that, for any value

of B8, h(b,) > B for sufficiently small w and RF is increasing in w. Next, we consider %.
Denote % and Cgf—fﬂ by A’ and t’, respectively. Then,
dh (bn)  [2AA (1+1t) 4+ A% (—A) + A2A" (1 +t) (30)

db,, A

the sign of which is driven by ﬁ terms because lim,,_,0b,, = 0 and lim,,_,qbg = bgo > 0. If
we collect the highest-order terms of (1/b,,) in the numerator of (30), which is a polynomial

of (1/b,,), and drop all other terms, we are left with

A(l+1t) (AA" —2A7) = A(1+1t) 7—26—72—2 27 2
- b2 02 bl o2 b3 o2

—o7t
a2
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<0,

implying that d};(bbm) < 0 for small w. In other words, there exists a w such that, for

all w € [0,w], W < 0. As h(by,) is continuous and limy, .« h (by,) is finite, A (b, (w))

attains a maximum on [w, oo on the extended real number line by the extreme value theorem.

Call the maximum of A (b,,) M. Since lim, o h (b,) = oo, there exists a w € (0, @] such
that h (b, (w)) > M. If we choose § to be

e For all w € [0,), h (b, (w)) > f3, because h (b,,) is decreasing in the range.

e For all w € (w,0), h (b, (w)) < B, because h (b, (w)) is decreasing on (w, ) and

cannot be larger than M on [@, c0), which is smaller than 3.

All combined, RE is hump-shaped when 3 = (. It can be easily seen that RE is hump-
shaped for all 8 > j.
As noted above, 1 + ¢ and —% are bounded above and below away from 0, while A

is bounded below away from 0 as it is always larger than U% It follows that % is

bounded below away from 0. Thus, if 5 is sufficiently small, % > 3 for all w and RE

is increasing everywhere. O
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